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15 BACKGROUND OF THE INVENTION

EMI shields limit electromagnetic radiation from entering or exiting
sections of a printed circuit board (PCB) containing electrical
components. An EMI shield is further defined to be “board-level” if it
attaches directly to the surface of a PCB, and without external or

20 loose fasteners (such as screws or bolts), thereby eliminating a
significant source of size and weight from the shielding scheme. Also
as a result of this direct surface attachment to the PCB, board-level
shields allow for EMI isolation of one or more sections of a PCB
surface from one or more sections of the same (or other PCB’s) within

25 agiven device. As with other (non-board-level) shielding schemes,
board-level shields also allow for EMI isolation of one or more
sections of a PCB surface on a device, from other external devices.

Often, electrical components that need to be shielded also generate
heat while operating, such as power amplifiers, central processing
30 units (CPU’s), graphics chips, etc. Since the performance of these
components often degrades at elevated temperatures, it is typically
desirable to facilitate the transfer of heat away from them. This is
typically done through the use of conduction, by utilizing a thermally
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that are being s
g0 remove and replace (if the shielded components need to be
reworked), because of the complicated de-soldering and re-soldering

20 process.

Often, the components shielded by cans generate significant heat.
Cans, however, require mechanical clearance (i.e. an air gap) above
the components they are shielding on a PCB, to allow for proper
soldering of the can to the ground trace during the reflow process.

25  Because of this necessary clearance, a TCI material cannot be used to
fill this air gap, which negatively impacts the transfer of heat away
from the component to be shielded. This makes cans an undesirable
solution where thermal dissipation is required.

A novel board-level shield is disclosed in U.S. Patent Application
30 Serial Number 09/793,754, of Reis, which describes a removable,
multi-cavity shield, that utilizes a plurality of discrete electrically
conductive fastening units, (such as BGA solder spheres) as a
removable attachment mechanism. This reference, however, does not’
contemplate the need for improved thermal dissipation of components
35 that are being shielded.
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20 adding significant weight to the design.

What has not heretofore been provided, and what is needed, is a
board-level shield that is simultaneously removable, compatible with
single or multi-compartment designs, thin in profile, lightweight, and
allows for thermal dissipation of shielded components.

25 SUMMARY OF THE INVENTION

This invention provides an apparatus having a substrate having at
least one electrical componént disposed thereon; a plurality of
discrete electrically conductive fastening units disposed in a pattern
30 on the substrate surrounding the at least one electrical component; a
board-level electromagnetic interference (EMI) shield comprising an
electrically conductive layer; a plurality of apertures formed in the
board-level EMI shield such that the apertures correspond to the
pattern of the electrically conductive fastening units; with at least
35 one thermally conductive interface (T'CI) material disposed over the
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20
In another aspect, this invention provides a board level 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 pattern on the substrate surrounding the at least

25  one electronic component, the board-level EMI shield comprising an
electrically conductive layer; a plurality of apertures formed in the
board-level EMI shield such that the apertures correspond to the
pattern of the electrically conductive fastening units; at least one T'CI
material attached to the board-level EMI shield; wherein at least one

30 of the apertures has a contact region and wherein the electrically
conductive layer of the board-level EMI shield at the contact region of
the aperture are deflectable to the extent necessary to allow the
contact region to engage and retain at least one of the electrically
conductive fastening units; and wherein the electrically conductive

35 layer of the EMI shield at the contact region is adapted to make
electrical contact with at least one electrically conductive fastening

unit.



35 layer of the EM shield at the contact region is adapted to nake
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Fig. 6b is a side view of anot er exenplary shield according to this
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Di sposed 1@ h4 &% a&&%&%%ﬁqwaeée E}l‘%ﬁ ield ‘g’éﬁlgelg‘ect rically conductive
fastening unit (14). Electrically conductl ve fastening unit (14) is both
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15 Fig. 6a is a side view of another exemplary shield according to this
" invention.

Fig. 6b is a side view of another exemplary shield according to this
invention.

20 .
Fig. 7 is a side view of another exemplary shield according to this
invention.

Fig. 8 1s a side view of another exemplary shield according to this
25 invention.

DETAILED DESCRIPTION OF THE INVENTION

30 Referring now to the drawings, the present invention provides a
board-level EMI shield that enhances thermal dissipation of the
component to be shielded. Figure 1is 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

35 together in sections (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). Electrically conductive
fastening unit (14) is both mechanically and electrically coupled to
ground trace pad (13), such as through the use of solder. For ease of

40 illustration, only some of ground trace pads (13) are shown to have



40 illustration, only sonme of ground trace pads (13) are shown to have 5
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rel eased by cover sections (12) on PCB (10). Shield (20) has a flange (22)

containing a plurality of apertures (23). Apertures (23) are also

20 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).

25
Shield (20) is placed over PCB (10) and attached to it as shown in
Figure 3. Figure 3 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

30 (23) is preferably less than the greatest width of electrically
conductive fastening unit (14) (for example, greater than the
diameter of a solder sphere). Because electrically conductive
fastening units (14) are larger than apertures (23), the attachment
creates a snap or interference fit which may be easily released by

35 pixlling shield (20) away from PCB (10). Shield (20) is thus removably
attached to PCB (10). As a result of the interference fit, electrically
conductive fastening units (14) are thus also in electrical contact with



35 pulling shield (20) away from PCB (10). Shield (20) is thus renovably
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conponen evel o

matrrgrl al (40) 5C§mp ?ggi) a"lvgg}‘ngﬁﬁglé’le?% ﬁ&%ﬁqfﬁﬂénﬂsr @@gﬁiﬁsfer
heat to d5 el mat@dil (40hncdy bmanmlsstomdiﬂeabwalsﬂhmhiadbe@nﬂl) u,ctl&eba hegt .
ink to di may be nmade in
oLk {0 9 oS PRI By ATEURERERla b (i ShenfD) TRy e,
metal, netal Somductivitydnghemthan mawailéds“dhéﬁ%m‘t@rlﬁbt(ém are or a

conbi nat i on tf\aiRKle uRlbr BN bradQRih a8 PELARSASIPANEBLEW I, (@bleygconduct i ve

| ayer. The electrjcally caonductive
y Associates, I¥1c Cho-Therm®, from Chomerics, Div. Of Parker

20 Hannifin Corp., and Sil-Pad® from The Bergquist Company., for
example. TCI material (40) is in physical contact with both
component (11) and shield (20). TCI material (40) may be attached to
component (11) or shield (20) by mechanical or adhesive means (not
shown). Under operation, component (11) develops heat, which is

25 then conducted through TCI material (40) to shield (20). TCI
material (40) thus helps to transfer heat to shield (20), which in this
case, acts simultaneously as a heat sink to dissipate heat from
component (11).

30  Shield (20) may be made in part from a plastic, dielectric material,
filled dielectric material, metal, metal foil, metal-plated or coated
dielectric material, or a combination thereof, but must comprise at
least an electrically conductive layer. The electrically conductive
layer may contain apertures (such as with a metal mesh), but is

35 preferably substantially continuous. Several forming methods exist
to produce such a shield (20), depending upon its construction.
Thermoforming or vacuum forming are preferred methods for
working with plastics, because of their low tooling costs, low



| ayer may contain apertures (such as with a netal nmesh), but is 35
preferably substantially continuous. Several form ng nethods exist to
produce swuol3/esssti el d (20), dependi ng upon its constructi ear/USTiesoof or m ng
or vacuumform ng are preferred nethods for working with plastics, because
of their lowtooling costs, low 7 WO 03/088729 PCT/ US03/ 07507

(rjryanuf acturi n%n@ﬁafa:‘ctxuﬂn@foabt’sl lany ébiht;otdrﬁﬁmrpdxﬁp]!es&*é}ﬁﬁm ﬁfaq;mel f S;li n three
i mensi ons. e ms ref er mat,er or, S . a
e o sucthiet BipeRSPRS I Bat ey e BAL Ry a0} a3,
ABS- pol ycar basat mabéxéahsuqhod%lmllsremrhwmee, &rpbnytreeraitadeneestliyérene, or
expanded pol y, 2{%?@%@%0%% ﬁolyé’ifﬂbﬁl fd% pl at ed, coated, or

| am nat ed wi t ik such as_al um num ni ckel copper,

silver, tPn, meﬁmem, oraﬁmp@yléedMﬁGtraﬂm@pﬁféwﬂw pnyedfe shi el d

(20) nay be awﬂfcﬁVYQ p‘l’éteﬁob%@d Hf‘hﬁhnﬂte(ﬁ thh ahibh-R@nhdubtiPRYimétalli el ectric
| ayer coated or ot | f e .shield 820) is to act

érw se Fﬁ nat ed q th
as a heat siruchas HBW?“P?Im &JF%D%I Syyen §mpr°éf08P%PdP%tl?’6§ ¥ he shield
(20) to be awmlldyerthatdof. Adtwitiucivielse the shﬁxﬂdl(m))ema$lb"ec@dmh otifeldedt ri cs and

pl astics are not , v r mal | ndyc [ sirable for the
shield (20) i"R® éafll 3?% ‘HR?‘ b‘@l%gag (ﬁfe#?ﬁ?mf y&r Cﬁ%{ QJM Ctﬁlgrwsea dielectric
| ayer exiléts lam:iﬁatetd tohivu [fitheesksld 630) 1s$o potsas blleat Ainls fersywhovwm gure 5,

bt B AL b e (v et bt 21

including an o ectric mat i lectrically
conducti ve | #paductryy as ppasible: rPincaanesti diplegtries,ged plasticsipag 09 i nner

surface (25a)vei‘§"dhé‘1rinﬁll§"ébn§ﬁ'étﬁ@é33t {fhus ddsirmie &"&adﬂeys}ﬁ@mgy iye layer

otk o ) ahdEd % b2 mydenrianly of metal 8ng SFBER b et cRunt | vi t y

(for exanpl et bh&sldtlhaa;m thia-as pogsibleh mho/cm). Dielectric material |ayer
(27) is also preferably as thin as 25 possible to hel p maxim ze thernal
conductivity of the shield (20). Electrically conductive |ayer (26) is
preferably fdknshbvyim Figaxeessin %ntefewdsqmb@filmmg, shiedd(2R)as vapor

depgSl E i on, %ﬁ&érbeéeﬂso? @Jﬂa‘y@gs lﬁ&luld%é%rdﬂtiﬂdaq dPél@ét'rgQr%laEér@a?t rical } y
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20 layer (27) has an inner surface (25a) and an outer surface (25).
Electrically conductive layer (26) is disposed over at least part of
outer surface (25). Dielectric material layer (27) is any material with
very low electrical conductivity (for example, less than one-millionth
mho/cm). Dielectric material layer (27) is also preferably as thin as

25 possible to help maximize thermal conductivity of the shield (20).
Electrically conductive layer (26) is preferably formed by a process
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

30 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
mechanical contact may still occur. This allows for elimination of any
large gaps under shield (20), which can consume valuable space in

35 the volume of the electronic device, thereby permitting the design to
be thinner. 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



30 particularly advantageous since it reduces or elimnates the
possibility of inner surface (25a) from naki ng unwanted el ectrical contact
wi th any womnpossszt s (11) on the PCB (10), even though neebanisexd7seont act
may still occur. This allows for elimnation of any |arge gaps under
shield (20), which can consunme val uabl e space in 35 the volune of the

el ectroni c depeéicallyebalycties fastehiity unr (125 ITOT nAteRS] (40) ROAT -

cl ot i cal sonbuutalgepfae ek HofR epTrbaRaL LY AR Fins sneREURP 00a) - once
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di el ectri @ | afpet shown).of Unded epgradion, Tanpeacet (1d) dexelopadeabewhichached | to
conponent (11 t8kn$Bh&héted3BroRYh MEINAALGSAI @O) B8RRIV 20yBarGL 5 (not
briobt ol e AL Db ol adobsieshbat i ooyt A% St ' £ab] “hus
hel ps to trangfeesfobeaicts sirghlta@heodsiPlas ahe fnk20)dissiphs éay feomact s
S|nultaneousb%)as a hgii%5|nk to dissipate heat from conponent (11). 10 In

an alternati "on to that shown in Figure 5 (not shown),
electricdl0y conductive |layer (26) is disposed over at |east part of inner

surface (25a)3, . : - di t \al | ayer
any i 4 LeRa e Gl et B ociotl W FRAGRS Lo BT, | OVl
contact wit h dJecmeally candupiave layey (86) isl dispesedaiviey ag deriscrary of farereni ng
I e B
pli Tl , , I.S. S | i gu
6a, ina pref@%-eﬁl Ehosar %C,trgcaﬁaﬂcgn?zesw? ?Y%ggﬁh%®?£ﬁg3@ftof t wo
I aygr s, ilm: L@hﬂgct&viﬂh@réﬁhditgadﬁapzai (m)ldr&)l&tricaﬂy(cfaﬂaueuﬂde' fastehingt Ei c;al |y
conductive | aye I ver at least part of, out su ce (25).
o0 pr esent WGt (AU PRREERRIC Ll cortiBlerils of RIS BT SCC | 2°)
spreader pl atRateotppipdieation Sered tNwaber 0979376 tifReis heat - pi pe assenbl vy,
or any structure that enhances the dissipation of heat away from

el ectrical copponent and TC
X;‘? shown ir(l Hé‘ure 6a, in a preferred embodiment, shield (20) is

again constructed of two layers, including a dielectric material layer
20 (27 and an electrically conductive layer (26) disposed over at least
part of outer surface (25). Also present is a heat sink (50), which may
be a finned metal block, a spreader plate comprised of sheet metal or
plastic, a heat-pipe assembly, or any structure that enhances the
dissipation of heat away from electrical component (11) and TCI
25 material (40). Heat sink is in a fixed position relative to shield (20)
and PCB (10) through external means (not shown). TCI material (40)
is disposed over component (11) and is in physical contact with both
component (11) and inner surface (25a) of dielectric layer (27) of
shield (20). Alternatively, TCI material (41) is disposed over shield
30 (20) and is in physical contact with both electrically conductive layer
(26) and heat sink (50). Alternatively, as shown in Figure 6b, TCI
material (40) and (41) are simultaneously used. TCI material (40)
and/or (41) may be attached to heat sink (50), component (11), or
shield (20), by mechanical or adhesive means (not shown). ). Under
35 operation, component (11) develops heat, which is then conducted
through TCI material (40) and/or (41) and shield (20), to heat sink



25 material (40). Heat sink is in a fixed position relative to shield (20)
and PCB (10) through external neans (not shown). TClI material (40) 1is

di sposed woes/ogoaponent (11) and is in physical contact wpC/uses/vso7
conponent (11) and inner surface (25a) of dielectric layer (27) of shield
(20). Alternatively, TG material (41) is disposed over shield 30 (20) and

is in physi cag,oo;omqaamﬁan (a0} Bneloequ)lmslhelp@wwﬂsv& héab hda26) and

heat k (50 t | Fi 6b, TC t | (40
and (41) ar o SPRIPDSABSLGA R Sk Shaspenf U By andl or (41) may bo

attached to heat sink (50), conponent (11), or shield (20) by nechani cal
dhesi t 1
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| ayers, incl L&emlcal cehaﬁ&m@ sﬁiafaeé (50a)| Mbpéu@?()zsmdg@dmﬁéiect rically
conductive | aye nélg d oyer ! 36) art of outer_ surface (25).

Al so present (ﬁ? ’Q@f R gf? Q{g e?lég'terqoe}ﬂqnf r%ﬁctlve surface
(50a). An ope(hpagngzas) or ogemm;ng%) axegriefegably2Sinaller phan tsizerefd i n shi el d
(20) abo ) s ) ferably
smal | er ;iﬁan 5| %l%fé)})l Als‘)%%?é'?gif(a%%\ﬁroga resé&g I'S angaék?t gj(gket (30).
EM gasket (38R cqn@praesexbﬁwede@maay cenémtn\ra:maltynabmdttp\ﬂéeq&apeﬂyal used

to electricalyy géoangE%e%wg@H t%téa@&ﬁcan?ceh&&éﬁ¢&§+4fxc€sonﬂmtIve sur f aces.
EM gasket (30 e an el ast oner | trically conductive

particl es, oh () anagberanias %@leémtwaﬁﬁectmaﬁmsp UEfA¥Rr the 15
trade narres gﬁﬁcﬁdl B iamplel @adly EMI gaakets(36) 296 laahilable weder thand

ool ) | LA sibrath B8, LA B 5L,
openi ngs (29)andGHo! Fornif® pliysi Chbmeeies aDiv. ‘@ftll’arketrﬁzmmﬂ'ﬁi Cyrpfiduct i ve
oat s\ nke (SG7RERp: SIOR Ep Pl PoF o Bpntd B PR REANGRE R HET Gap bot ween
shield (20) azpdnh@(28§|mlop(eﬁﬁl)gs (29), and is in physical contact with

electrically conductive layer (26) of shield (20) and electrically

20 conductive surface (50a) of heat sink (50). EMI gasket (30) thus

electrically bridges the gap between shield (20) and heat sink (50),

thus eliminating a potential source of entry/exit for EMI. EMI gasket

(30) may be attached to shield (20) or heat sink (50) through

mechanical or adhesive means (not shown). TCI material (40) is

25 positioned so as to at least partially pass through opening (28) or
openings (29) and be 1n physical contact with both component (11)
and surface (50a) of heat sink (50). TCI material (40) may be
attached to heat sink (50), component (11), or shield (20) through
mechanical or adhesive means (not shown). ). Under operation,

30 component (11) develops heat, which is then conducted through TCI
material (40) to heat sink (50). TCI material (40) thus helps to
transfer heat to heat sink (50), to dissipate heat from component (11).

As shown in Figure 8, in another preferred embodiment, shield (20) is
35 again constructed of two layers, a dielectric material layer (27) and an

electrically conductive layer (26) disposed over at least part of outer

surface (25). Also present is a heat sink (50), with an electrically

10



thus elimnating a potential source of entry/exit for EM. EM gasket (30)
may be attached to shield (20) or heat sink (50) through nechanical or
adhesi ve woanssg7ziot shown). TClI nmaterial (40) is 25 positipomagoserses to at
| east partially pass through opening (28) or openings (29) and be in

physi cal contact with both conponent (11) and surface (50a) of heat sink
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shield (20) and heat sink (50) and al so helps to transfer heat to heat

si nk (50), tWL%Z[BMQIMbBHMI%WQHS eéelﬁ)mﬁ/i‘%éﬁ hB'i’r tb'e‘é

enbodi ments of present 1 nvention have been trat e descrl bed
herein, the r}p@§€r@¢3¢ apd esemnbed hgreiny bhe peesent invention Should not e

20 limited to such illustrations 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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20 limted to such illustrations and descriptions. It should be apparent
that the changes and nodifications nay be incorporated and enbodi ed as part
of the prweesnss7mvention within the scope of the follow rgTaisas/emso7 11 WO
03/ 088729 PCT/ US03/ 07507 CLAIMS: What is clainmed is: 1. An apparatus
conprising: 5 (a) a substrate having at | east one electrical conponent

di sposed ther€hAIMS) a plurality of discrete electrically conductive
fastening wunits disposed in a pattern on said substrate surrounding said
at | east one electrical conponent; 10 (c) a board-level electromgnetic

i nterference YVbt)is slaimled isconpri sing an el ectrically conductive layer; (d)

a plurality of apegju gﬁréﬁfs%qnfgqsﬁl id board-level EM shield such that
s%’ nd

sai d apertures corre to sai pattern of said electri callil conductive
fasteningdunits; 1@ (e)a aubstzata hayagatdeash me elgpldiad comnoneat f ace (TC!)
mat eri al di sposed over &gpékeditheast; one el ectrical conponent; and (f)

wherein said electgically. conducti,ve | ayer of said hoard-_.level EM shield
isin electrical c@kt act gwrﬁﬁg&ﬁ fibgﬁg‘?tec?ﬁ%cmfeﬁggpﬂgggtéﬁ fasteming conduct i ve
fastening units. 2. An appadiposeditn dgfatteath omsaidasubstratber ei n at | east one
of said apertures has ct regi d_wh N id electricall

P PO ARG daF ag o1 Dnd 93%63{%"8f§q§“}’§{‘%?$ y

conductive | ayer of sai oar d-Peve ectromna erence (EM)

shiel d i 40def | ect db) e taobensl-levekelectrovmenetic intexfetense (EMI shiridact regi on
to engage and retain atcohggin@% Qlfecn?c%@ ﬂn%tcfiivg%gié/r;conducti ve
ppar efin

fastening units. 3.. An a ﬁt us as d din clarm1 wherein_at |east one
of said 30 el ectr(@al 1I3Phuabityof srextuzestormed in saidiboagddeyeddfMiphere. 4.

An apparatus as defi neghigldEudhrthht WART 8pértapéSledipadpbmdettrdaid
el ectromagnetic interf epra%gecr% (gtEsl\a{lla efeb:ltrell:gll; ggr&ti]lfcrtivceot[;g{énslgg u%n'ts;
15 (e)  at least one thermally conductive interface (TCI)
- material disposed over said at least one electrical
component; and
® wherein said electrically conductive layer of said board-
level EMI shield is in electrical contact with at least one
20 said electrically conductive fastening units.

2. An apparatus as defined in claim 1 wherein at least one of said
apertures has a contact region and wherein said electrically
conductive layer of said board-level electromagnetic

25 interference (EMI) shield is deflectable to the extent necessary |
to allow said contact region to engage and retain at least one of
said electrically conductive fastening units.

3. An apparatus as defined in claim 1 wherein at least one of said
30 electrically conductive fastening units is a solder sphere.
4. An apparatus as defined in claim 1 wherein said board-level

electromagnetic interference (EMI) shield further comprises a
dielectric material layer.
35
5. An apparatus as defined in claim 4 wherein said dielectric
material layer has an outer surface, and wherein said

12



dielectric material layer. 35 5. An apparatus as defined in claim4 wherein
said dielectric material |ayer has an outer surface, and wherein said 12
WO 03/ 088vQ93®€8729JS03/ 07507 el ectrically conductive | ayepcraisos/epesed on
said outer surface of said dielectric material layer. 6. An apparatus as
defined in claim1 wherein said electrically 5 conductive layer is

sel ected from the geoiticatiyn@nductige ddyerak digpused oni shid @ailtér smifakebf sil ver;

copper and combi nati. nd al | oys,thereof. 7. An apparatus as defined in
claim1 wherein sa?%gﬁ%lg%ccg’laltf/ﬁa]l Y&bnductive layer is foil. 8. An

apparatus as defined in claim1l wherein said substrate has a plurality of

el ectrical cogﬁonem,sdg%%gaﬁﬁigs @é@g@%ﬁ%ﬁgpﬁf{,@g}%@mn%ga%u&#cgﬁ rference

(EM) shield rther prises a artnments adapted to
cover sai @ pl ur al i topdyetive layerissgleckeshirome bhe sranp eonsagting af us as def i ned

in claiml wherei mlslidudd, thﬂ,ar,ﬁﬂdpﬂﬁkeﬂ GliveRic8phét aRQ¥BRIbIAALIAAS €] ast omer
filled with thermalrlb% 20 con gtctlve particles. 10. An apparatus as defined
inclaim1l further? ﬁB?Y%ﬁ?f’de -heat sink. 25 11. An apparatus as defined

in claim10 wherein said board-level electromagnetic interference (EM)
shield conmprises aj_ Il east . one ni nd erein sai. t .l.east one
thermal |y confiuct i‘é’lé aPR?@?tfua?c%s %gfﬁh@g}pg]wégrglgas&&ﬁgerc[tpgf"i‘ﬁ}{, passes
through d& d at | emsductive baperiindodnd makes physical contact 30 with both
said heat sink and said at | east one conponent. 12. An apparatus as defined

in claim21l further conprising an. el ectricall ¥1 conductive surface on said
heat sink and®-an Evr apgasxars asgriingdinselpimdvvhgreineaid subgtratebesi cal

contact with 35 sai ghithHef bf ERbiricaBaipohkhts hAY 8hiPhosd-fbvapar d- | evel EM
shield and said electrical 'é’- conductive Mf ce (PI” %ﬁl d heat. sink, and
electromagnetic interference ( ) shield further comprises a
15 plurality of compartments adapted to cover said plurality of

electrical components.

9. An apparatus as defined in claim 1 wherein said at least one
TCI material comprises an elastomer filled with thermally
20 conductive particles.

10. An apparatus as defined in claim 1 further comprising a heat

sink. —~

25 11. An apparatus as defined in claim 10 wherein said board-level
electromagnetic interference (EMI) shield comprises at least
one opening and wherein said at least one thermally
conductive interface (TCI) material at least partially passes
through said at least one opening and makes physical contact

30 with both said heat sink and said at least one component.

12.  An apparatus as defined in claim 11 further comprising an
electrically conductive surface on said heat sink and an EMI
gasket, wherein said EMI gasket is in electrical contact with

35 said electrically conductive layer of said board-level EMI shield
and said electrically conductive surface of said heat sink, and
substantially surrounding said at least one opening.

13



substantially surrounding said at | east one opening. 13 WO 03/088729

PCT/ US03/ 07507 13. An apparatus as defined in claim1ll further conprising
an el ect rwoaBbhgs7zonducti ve surface on said heat sink, andpaimasesersosai d at
| east one thermally conductive interface (TCl) material substantially
covers said at |east one opening, and wherein 5 said at | east one TC
material is al830 eAacpparatusyasdefined v elaimabhdfurtheeécompaisthgehrctrical |y

conductive TCl matgrj hs, | . ' : .1 i gtrically
conductive surf aceglg}r:ﬁkcsf’1 fyﬁ' d‘! Oﬁlggt% hgfgtﬁw%?f Oglg%%%@g’%%%\%qumcéﬁd%ggﬁedﬁct ive
| ayer of said boasaidlagledstednecthegmadlyecanductive interéaved ateniadl d. 10

14. An apparatus cQmpithstiafly cb rsasaﬁ&”a%lléé%rt%ng%‘{)ieﬂﬁxaﬁtadcpﬁﬁhélﬁe el ectrical
f 'sol der sp

conmponent _ di sposed .thereon; (b) a plurality o eres di sposed on
said substrate 155gatdendions Tal aateradisilseglecirigally cenduetivonent : (c)

Ft board-1evel el ecﬁﬁ@m@md th%aiﬂrbll@ftﬁ@ﬁﬂy\@_&éd@tﬁ\)ﬁ PO @hskerkQIPin Si ngl at
east one conpartnment, adapted to .cover, sai,d. at | egst .one electrica
conponent, said bo F‘atﬂcéig?“'éﬁ? wi P%’Idua?mcﬁgy C€Bﬁﬂ?‘i1§? ﬁﬂr‘léﬁe 8Pectrically
conductive | ayer; £0d{ehtaink andisanhelettrécaliyl dopdootidadayereofisatidr f ace (TCl)
material dispose r i 0N ' ent; (e) a heat
si nk di sposed oveﬁ)ogd\glﬁc}eg(?l %q%(gt%?&%%égﬁ]gﬁﬁ%‘%tegﬁlg @k}?%g@ei n said

el ectricdOy conductive |ayer of said board-level EM shield is in

el ectrical coffactApiapparhtdsc@®plpQsngof said 25 solder spheres, and
wherein said board-&evel EM shield ar]d sai drﬁjOl der _spheres conbine to

limt elect ronagne(la' @ substrate havipgahleastame egirical compgnent d at | east one
conmpartnent; and (g) dipesed théod; heat sink and said at | east one TCl

SRS G RENTE s e S N
a 15 surrounding said at least one electrical component;

(c) a board-level electromagnetic interference (EMI) shield
comprising at least one compartment adapted to cover said
at least one electrical component, said board-level EMI
shield further comprising an electrically conductive layer;

20 (d) at least one thermally conductive interface (TCI) material
disposed over said at least one electrical component;

(e) a heat sink disposed over said at least one TCI material;

() wherein said electrically conductive layer of said board-level
EMI shield is in electrical contact with at least one of said

25 solder spheres, and wherein said board-level EMI shield
and said solder spheres combine to limit electromagnetic
radiation from entering or exiting said at least one
compartment; and

(g) wherein said heat sink and said at least one TCI material

30 combine to dissipate heat from said at least one electrical
component.

15. - A board-level electromagnetic interference (EMI) shield for a
substrate having at least one electrical component disposed
35 thereon and a plurality of discrete electrically conductive
fastening units disposed in a pattern on the substrate
surrounding the at least one electronic component, the board-
level EMI shield comprising: '
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substrate having at | east one electrical conponent disposed 35 thereon and
a plurality of discrete electrically conductive fastening units disposed in
a pattermnwomn3ngsgzsubstrate surrounding the at | east one eCeaiSoINSCT
conponent, the board- |level EM shield conprising: 14 WO 03/088729

PCT/ US03/ 07507 (a) an electrically conductive layer; (b) a plurality of

apertures forned i@)saish BR2tHcA8y edndibdtivesiayer;d such that said apertures
correspond to the ttern. of.the electrical (%/ cond g}tivg fa%':ﬁg[ilng units;
5 (c) at |east one® herdRIVERLEYRhaRertees frmadmsaddoard ey attached
to said board-|evel EMslabidesuth that)sandapertured coreaspornhto the patiterraper t ur es
has a contact region anoq"t‘lﬂgeerl&tgicﬁggf%oﬁ{iﬁ&{i% ?aasltJaHi conductive | ayer of

atr sai d’contac

sai d board-level EM shie Fegl o.nn(gfu%1 Pd 10 aperture are
defl ect able to the(ckxt eaftlensicens thermallyominadniedntenface (TCBgi on to engage

and retain at |east Onemﬁier_iélaﬂqaalx&ﬂcféﬁﬁ'ﬂo\ér&-@@@l‘%m%hﬁﬁ tening units;
ca 0

and (e) wherein sajd electri, y conductive layer said EM shield at
sai d contact regi dfis %hersinatlpastpne afssaad aperturas hasacontadti th at | east

one said electrically eeisiishil%whdraal eaidedtiichlly ¥onductive layer of

said board-level EMI shield at said contact region of said

10 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 EMI

shield at said contact region is adapted to make

15 electrical contact with at least one said electrically
conductive fastening unit.
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