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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) contaiming 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-bdard-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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to 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 shieid is disclosed in U.S. Patent Appilication

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.



contenplate the need for inproved thermal dissipation of conponents 35
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attachment mechanism involving screws or bolts, and holes that pass
through the PCB. This consumes valuable PCB space, as well as
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 component 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 (TCI) material disposed over the



board-level EM shield such that the apertures correspond to the pattern
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least one electrical component.
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 TCI
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.



the aperture are deflectable to the extent necessary to allow the contact
region to engage and retain at |east one of the electrically _conductive
fastening units; and wherein the electrically conductive 3 5@&2&05 t he
EM shield at the contact region is adapted to nmake electrical contact
with at | east one electrically conductive fastening unit. 4 03 OCT 2006
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Fig. 8 is a side view of another exenplary shield according to this 25

i nvention. DE&pI LERCRIRT THE | NVENTI ON 30 Referring now to the
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15 Fig. 6a i1s a side view of another exemplary shield according to this
" 1nvention.

- Fig. 6b 1s a side view of another exemplary shield according to this
invention.

20

_Fig. 71s a side view of another exemplary shield according to this
mvention.

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) 1s both mechanically and electrically coupled to
ground trace pad (13), such as through the use of solder. For ease of

40  1llustration, only some of ground trace pads (13) are shown to have



an electrically conductive fastening unit (14). Electrically conductive
fastening unit (14) is both mechanically and electrically coupled to

round trace pad (13), such as through the use of sol der.
?Ilustration, only sonme of ground trace pads (13) are shomn to hgv@m 5 0 3
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f shield
t hrough apertures (23) t0 provide a Secure nechanical attachnent o
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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) 1s 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 pulhng 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



di ameter of a sol der sphere). Because electrically conductive fastening
units (14) are larger than apertures (23), the attachnent creates a snap or

interference fit which may be easily released by 35 pulliyp giﬁwﬁ%% (20)
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Associates, Inc., 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 of 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
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the shield (189dr (27) and an electrically conductive layer (26). Dielectric material

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) 1s 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) 1s snapped in place over
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As shown in Figure 6a, in a preferred embodiment, shield (20) is

As

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 matenal (40). Heat sink is in a fixed position relative to shield (20)
and PCB (10) through external means (not shown). TCI material (40)
1s 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) 1s disposed over shield
30  (20) and is in physical contact with both electrically cenductive 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



part of outer surface (25). Also present is a heat sink (50), which may be
a finned netal block, a spreader plate conprised of sheet ne al or

plastic, a heat-pipe assenbly, or any structure that enhance% & KET 2006

di ssi pation of heat away from el ectrical conponent (11) and TC 25 nateri al
(40). Heat sink is in a fixed position relative to shield (20) and PCB
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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) 1s
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
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that the changes and modlﬁcatlons may be incorporated and

embodied as part of the present invention within the scope of the
following claims.
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15 gap between shield (20) and heat sink (50) and al so hel ps to transfer
heat to heat sink (50), to dissipate heat from conponent (11). Wile
particul ar enbodi ments of the present invention have beelj "id_ATus.t,ﬁ&at ed and
described herein, the present invention should not be ~?i“’r’ﬁ"t édv% 0 such
illustrations and descriptions. It should be apparent that the changes and

modi fi cati odsLAd¥$e i ncorporated and enbodi ed as part of the present
invention within the scope of the following clains. 11 03 OCT 2006

CLAIMS: What is clained is: 1. An apparatus conprising: 5 (a) a substrate
havi ng at | e¥bat srdawned s cal conponent di sposed thereon; (b) a plurality

of discretejel ecty §5h4Vath (3 fastening wunits disposed in a pattern
on said substrate sﬁéroaungiraﬁgb%srgéﬁggat | east one el ectrical conponent; 10

(c) a board- 1 evel@el eatswtiptethayingeéléast oneel¢@EMchl sbinglodenconpri si ng an

electrically conductiWesd@¥@thefdbn:@ plurality of apertures formed in said .
board-| evel EM s)hi el d such that $aid apertures correspond to said
pattern of said &ect RiRIEFaNtyRfridigenets elecaealy ponduitive fasberfiay at | east

one thermal |y conduct uvtsidispsdedcin Aﬁﬂtkrn%tﬁji%hbgg%@?%d over said at
e

| east one el ectrical con‘glogent; ’Zﬂ% f) wherein sal ectrically
conductive |ayer of sAlTOHESIE SPIARY lBRRkE o-pplCHIFR] GompoRant; i cal  cont act

with atl®east one) 20aimadddéedialedabhygnonducterigchas(BMMEhMES. 2. An

apparatus as defined | laim 1 wherein.at | east ope of said apertures has
a contact region and %ﬁre’?lr\n%%t?ﬁ]eeq%’&?w(‘581"1?9“‘%"0 ¥&tive | ayer of said

boar d- | evel el ectd onagpduiaditysfiapeetires doneed BMishidbostdldvel 8] ect abl e to
t he extent necessary ghieidfdd id . [.on to.engage and retain at
sh dié tR&AY &dﬁ%&%?mrfeg??hesﬂﬁngﬁfﬁ ggf

| east one of said electrically caonductive eni
pattern of said electrically conductive fastening units;

15 (e) at least one thermally conductive interface (TCI)
 material disposed over said at least one electrical
component; and
1)) 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



' i i i i f said 30
3. An apparatus as defined in claim1 wherein at |east one o
el ectri (F:)gl | y conductive fiastening units is a solder sphere. 4. An apparatus

. . . . : ) ti
as defined in claim1 wherein said board-level electromgne 3 pr _
interference (EM) shield further conprises a dielectric nat_er?a(l’\--ﬁa"ij.
35 5. An apparatus as defined mclaim4 wherein said dielectric material

| ayer has an out er ebutfiadb; canthcrhengydt isalishosed ¥ %}I&RQ@M ?%?g%!i cal ly

conducti ve | ayer i i sed on sai oruter _surfac_e sal d_ ( ric
nat eri al Iaye?/. 6 . ﬁ@g%ﬁf’é‘f H’s“&%‘aglg“ﬂ?ﬁed inclaim1l wherein said

electrically 5 conductive layer is selected fromthe group consisting of

thereof . 7. Ay apparati s 1Bied KPBRED t PeRePeinaskiarientet r cal |y
10 conductd ve | ayeﬁ?orv%_midfe|l§y68.isA?l§amm12framlluagrodqa; d;ldﬂrﬁqt@lssﬂig% grgla imdl wher ei n
oar d 1 evel - ol oty ommanar ot ek A G SRR Ao BAEP T2 ormpr i ses a
15 plurality of C(ﬂﬂiggﬁﬂ@nilbera‘éfapt ed to cover said plurality of electrical

us as defined in claim1 wherein said at Ieafst one
conponents. 9. An appar at ald at least

[ | ses an el ast r filled with thermall 20 conc
-pl)-grt {rglt 2;! allofozﬁr‘%'%%BPaﬁfé‘Séé %ﬁeﬂéﬂ ‘ilﬁ'f"é!la‘f’h?llem@mthei;ctpnqﬁy sing a hfaat
sink. 25121, An appadattise hgyedef foikd in claim 10 wherein said board-leve
el ectromagnetic interference (EM) shield conprises at |east one opening I
and wherein said at |east one thernally conducti ve int erface (TCl) materia
at |east parthall y\papearatus ahdefighdsaicthiat 1lvelvate 19 BRI PHERI RGN MBKkes

: i ai i and .sai d at, | east one
oponent - 12 An” Jancehy O T o p o Bl A S A fevEbpr 1 1 ng an
np ' ' e?eB:Promagnetlc interference (EMI) 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.
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electrically conductive surface on said heat sink and an EM gasket,
wherein said EM gasket is in electrical contact with 35 said electrically
conductive |layer of said board-level EM shield and said electrically
conductive surface of said heat sink, and substantially surrdugdypp @Eﬁd
at | east one opening. 13 3 OCT 2006 13. An apparatus as defined in c

11 further conprising an electrically conductive surface on said heat sink,
and wherein said at | east one thernmally conductive interface (TCl)
material substantially covers said at | east one opening, and wherein said
at least one TCl material is also electricall qucg(ﬁ{ll ve, and wherein
sai d eldct rMappﬂ}fa@eﬁélqeﬁﬂe?é"I'?H"‘r?ét"é’?"’l'&PmP'?"Yng" ¥ cal contact with
sai d el ect r igridubtiveCsRRde s sad Isat finkc @nd whemindsaldsd feast afie thermalls ai d

el ectrical | bofRliinpisee J@&gha@naﬁﬁogmhmy doVeRiiekd it rmmagnet i ¢
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shi el d CO”"EL«?%Q@eQ&nél %ﬁr‘iuueﬁ\ﬁe 15RFBAaid Bodid-Rea Rlcegorhsgreaw er sai d at | east
one el ectrica oneﬁgl\%sal board-level EM shield further conprising

an electri c&l‘?’?‘e%rﬁﬂe | ayer; (d) at least one thermally conductive
interface (TCl) material disposed over said at |east one electrical
corrponéﬁt (A\raapmms C®MARSIRE sposed over said at | east one TCl material; (f)
wher ei n sai (h)eh eotistiatestiaving abledstone eleckrisyl sompénestdispasedihgraoBiel EM  shi el d

is in el eck 'acﬁhraﬁ@'%?&ﬁéer ﬁé?e@&lsd&é&&n@él&sﬁsﬁt&lsdrr&ﬁidﬁgmaﬁpheres and
wherein sai Oﬂ?fga%g «d and said sol der spheres conbine to
Ic racfl a

limt electr om ent .Or exiti said at | east one
conpar t ment (C)(ﬁwqmlWﬂgq?@‘ét’“eéﬁﬁ? ﬁ'@“‘gg" igfd gompns '@tgatone TC materi al
conbine to dilsast pa¢ corhgsatment adapteditel couer Faid 3t least aneplgetfitd! cal conponent; and
(h) wherei n sadothpoRéntesaidtidand-Roel EMS isBioidifurtten com@ismgransidctticalyi el d. 15. A
board-1 evel elc%%‘géﬁqggggi'ic interference (EM) shield for a substrate

(d) st 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;

(f wherein said electrically conductive layer of said board-level EMI shield is
in electrical contact with at least one of said solder spheres, and wherein
said board-level EMI shield and said solder spheres combins to limit
electromagnetic radiation from entering or exiting said at least one
campartment;

(g) wherein said heat sink and said at least one TCI material combine to
dissipate heat from said at least one electrical component; and

(h) wherein said solder spheres fasten to and retain said shield.

15. A board-level electromagnetic interference (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 one electronic component, the board-level
EMI shield comprising:
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having at | east one electrical conponent disposed thereon and a plurality
of discrete electrically conductive fastening units disposed in a pattern
on the substrate surrounding the at |east one electronic cﬁn@@?ﬁéh?gggt he
board-level EM shield conprising: 14 03 OCT 2006 (a) an electrically
conductive layer; (b) a plurality of apertures forned in said board-I|evel

EM shield such t@at saldlRpSELNY g&nwt;‘%slﬁqg?g to the pattern of the

electrically condu(g)il ve fastening units; at | east one thermally
conductive interfale (ToPluraly ef papriaweadtiand o saidddaodrldvéldikil EM

shield; (d) wherein atshi€dssuchgha@fsas@hfe ARSES LIS 5@@1 region
and wherein said electri gg{?l X‘; co.ndg}(]:s?i vgifaye of _éséal googﬁr)egé?tg\&/lér} EM

shield at said contact & GFICRLY O BCliVelastngrenugst | ectabl e to the
extent neGessary (0 al lavesa shectitracilly egidrtie iaRgIge @nd etain at | east

clectricatly conducti vaiuf Bl AR foRRT Dottt el EnaErbicddn act regi on | s
adapted to make 1%dkl ecthdrea atbntshonewifisaidibpéieasés haeasdnda®l ectrical Iy
conductive fastening uRblionlmd wherein said electrically conductive 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
(e) wherein said electrically conductive layer of said EMI
shield at said contact region 1s adapted to make
15 electrical contact with at least one said electrically

conductive fastening unit.
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