
;e3e_ U_PPQTR4 S`T6TT Ufn:WO 02/069687 PCT/US02/OS705 TITLE OF THE
INVENTION REMOVABLE ELECTROMAGNETIC INTERFERENCE SHIELD  FIELD OF THE
INVENTION  This invention generally relates to an improved electromagnetic
interference (EMI) shield. More particularly, the present invention relates
to a shield that is easily removable, compatible with single or
multi-compartment shield designs, thin in profile, lightweight, and 10 low
in cost. This solution is particularly advantageous for use in small
electronic devices, such as cellular phones and laptop computers, among
others. BACKGROUND OF THE INVENTION   EMI shields limit electromagnetic
radiation from entering or exiting 15 sections of a printed circuit board
(PCB) containing electronic components. A common type of EMT 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 20
reliable. They are often installed in a fully automated fashion via a
surface mount technology (SMT) process at the same time the components
themselves are installed onto the PCB, using solder paste and a reflow
process. The cans themselves are produced by stamping, drawing, folding, or
other forming process, and are typically made 25 from metal. This metal is
often plated to enhance solderability and protect against oxidation or
corrosion. A soldered can may be a very cost-effective solution for
providing EMT shielding on a PCB, and is often the shielding method of
choice for use in small portable devices such as cellular phones. 30 There
are several drawbacks to using soldered cans, however. One such drawback is
that cans are very difficult to remove, once soldered down to a PCB. This
fact can prevent easy repairability or inspection of components underneath
the cans, which can significantly add to .1 ~. i'   WO 02/0G9687
PCT/L1S021OS70s costs in the manufacturing process or during repair. In
addition, the cans may impede proper heat flow to these components during
the reflow process, sometimes leading to improperly soldered joints. In
addition to these issues, other problems with cans exist: they are 5
difficult to produce in multi-compartment designs, where the compartments
serve to isolate components or groups of components from each other on a
PCB; they are typically relatively heavy since they are made of dense
metals such as steel; they typically require clearance over the components
they are covering, so they can add 10 significantly to the overall
thickness of the electronic package; they 



are difficult to make with tight flatness tolerances, especially as the
cans become large, which can lead to soldering difficulties; they can be
difficult to make with tight X-Y dimensional tolerances, which often forces
the need for large, mating ground traces to solder to the 15 cans. Cans
thus can often consume large amounts of space on a PCB design, which is
undesirable as cellular phones continue to get smaller and smaller. To
address problems with repairability of components, open-topped cans have
been developed with snap-on or adhesive-backed lids. Such 20 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, 25 especially when made in
multi-compartment designs. The multicompartment, 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 30 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 commonly used
multi-compartment shield is a metal or metallized 35 plastic cover,
fastened to the PCB with screws. Often, a conformable EMI gasket is
required at the interface between the shield and the 2   WO 02/069l87
PCT/LIS02/OS70s PCB (since solder is not used), to promote more uniform
electrical contact across the joint. This type of shielding solution
affords the designer much more flexibility in accommodating
multi-compartment designs, and gives the benefit of easy accessibility to
the PCB during 5 the SMT and manufacturing process. On the downside,, such
gasketed shielding solutions have problems of their own. Many screws or
other removable fasteners are typically required to adequately compress the
EMI gaskets. Thus, the shields must be made from stiff metal or plastic.
These requirements add 10 weight, thickness, extra loose parts,
manufacturing time, and, ultimately, cost to such designs. The gaskets used
with such shields are also subject to damage, which may often lead to
short-circuits of nearby electrical components. It is also time-consuming,
difficult, and expensive to install or remove a11 of the fasteners holding
the 15 shield in place. 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 20
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,
multicompartment designs. In addition to cost, however, this device suffers
from many of the same disadvantages mentioned above, such 25 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 multicompartment designs, thin in profile,
lightweight, and low in cost. SUMMARY OF THE INVENTION 



30 The present invention provides an apparatus having a substrate with at
least one electrical component disposed on it; a plurality of discrete
electrically conductive fastening units disposed in a pattern on the
substrate surrounding the at least one electrical component; a shield 3
WO 02/OG9G87 PCT/US021OS705 comprising a dielectric material layer having
an inner surface and an outer surface and an electrically conductive layer
over at least one of the inner and outer surface; a plurality of apertures
formed in the shield such that the apertures correspond to the pattern of
the 5 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 shield at the contact
region of the aperture are deflectable to the extent necessary to allow the
contact region to engage and retain the 10 electrically conductive
fastening unit; and wherein the electrically conductive layer of the shield
at the contact region is in electrical contact with the electrically
conductive fastening unit. In another aspect, the present invention
provides an electromagnetic 15 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 EMI
shield comprising: a dielectric material layer having an inner surface and
an 20 outer surface; an electrically conductive layer over at least one of
the inner and outer surface; a plurality of apertures formed in the 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 25 the
electrically conductive layer of the shield at the contact region of the
aperture are deflectable to the extent necessary to allow the contact
region to engage and retain the electrically conductive fastening unit; and
wherein the electrically conductive layer of the EMI shield at the contact
region is in electrical contact with the 30 electrically conductive
fastening unit. In still another aspect, the invention provides an
apparatus having a substrate with at least one electrical component
disposed thereon; a plurality of discrete electrically conductive fastening
units disposed in 35 a pattern on the substrate surrounding the at least
one electrical component; a shield consisting essentially of an
electrically conductive material; a plurality of apertures formed in the
shield such that the apertures correspond to the pattern of the
electrically 4   WO ll2/UG9G87 PCT/USU2/US7l)s conductive fastening units;
wherein at least one of the apertures has a contact region and wherein said
electrically conductive material of said shield at the contact region is
deflectable to the extent necessary to allow the contact region to engage
and retain the electrically 5 conductive fastening unit; and wherein the
electrically conductive material of the shield at the contact region is in
electrical contact with the electrically conductive fastening unit. In yet
another aspect, the invention provides an apparatus having a 10 substrate
with at least one electrical component disposed on it; a plurality of
solder spheres disposed on the substrate surrounding the at least one
electrical component; an EMI shield comprising at least one compartment
adapted to cover the at least one electrical component, the EMI shield
further comprising a dielectric material 15 layer having an inner surface
and an outer surface and an electrically conductive layer over at least one
of the inner and outer surface; and wherein the electrically conductive
layer of the EMI shield is in electrical contact with at least one of the
solder spheres, and wherein the EMI shield and the solder spheres combine
to limit 



20 electromagnetic radiation from entering or exiting the at least one
compartment. The invention also includes other aspects in which the
electrically conductive fastening unit is a solder sphere, the. substrate
has a 25 ground trace disposed on it and the solder sphere is soldered to
the ground trace on the substrate, the solder sphere is in interference
contact with the contact region of the shield, the electrically conductive
layer is disposed on the outer surface of the dielectric material layer,
the electrically conductive layer is selected from the 30 group consisting
of aluminum, tin, gold, nickel, silver, copper and combinations and alloys
thereof, the electrically conductive layer is foil, the electrically
conductive layer is formed by a process selected from the group consisting
of sputtering, vacuum or vapor deposition, electroless plating, and
electrolytic plating, the electrically conductive 35 ~ layer is a
dielectric material containing conductive particles, the substrate has a
plurality of electrical components and the shield comprises a plurality of
compartments adapted to cover the plurality of electrical components, the
shield has a plurality of apertures 5   WO 02/OG9G87 PCT/US02/Oi70S formed
in it, where the apertures are formed as the electrically conductive
fastening unit penetrates the shield. These aspects of the invention may be
used in combination with one another or separately in the inventive devices
mentioned above. 5 BRIEF DESCRIPTION OF THE DRAWING Fig. 1 is a plan view
of a substrate according to an exemplary embodiment of the invention. Fig.
2A is a side view of an electrically conductive fastening unit according to
an exemplary embodiment of the invention. 10 Fig. 2B is a side view of an
electrically conductive fastening unit according to another exemplary
embodiment of the invention. Fig. 2C is a side view of an electrically
conductive fastening unit according to another exemplary embodiment of the
invention. Fig. 3 is a perspective view of a shield according to an
exemplary 15 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.l. Fig. 6 is a
cross-sectional view taken along A-A of Fig.l. 20 Fig. 7 is a
cross-sectional view taken along A-A of Fig.l. Fig. 8A is a 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. 6 



WO 02/U69687 Fig. 9C is a cross-sectional view taken along A-A of Fig.l.
Fig. 10A is a cross-sectional view taken along C-C of Fig.l. Fig. 10B is a
cross-sectional view taken along C-C of Fig.l. Fig. 11 is a cross-sectional
view taken along A-A of Fig.l. 5 Fig. 12 is a cross-sectional view taken
along A-A of Fig.l. Fig. Z3 is a cross-sectional view taken along A-A of
Fig.l. Fig. 14 is a cross-sectional view taken along A-A of Fig.l.
PCT/US02/OS70s Fig. 15A is a perspective view of a shield according to
another exemplary embodiment of the invention. 10 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 15 exemplary embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION Referring now to the drawings, the
present invention provides a 20 repairable EMI shield wherein the shield is
mechanically and electrically connected to a ground trace on a PCB, and yet
is removable. Figure 1 is a plan view of a PCB .(10) according to an
embodiment of this invention. PCB (10) is a substrate having a plurality of
electrical components (11) grouped together in sections 25 {12).
Surrounding sections (12) are a plurality of ground trace pads (13).
Disposed on each of ground trace pads (13) is an electrically conductive
fastening unit (14}. For ease of illustration, only some of ground trace
pads (13) are shown to have electrically conductive 7   WO 02/069687
PCT/US02105705 fastening units (14) disposed on them, but it is preferable
that all ground trace pads (13) have an electrically conductive fastening
unit (14) disposed on them. A plurality of discrete electrically conductive
fastening units (14) are thus disposed on PCB (10) in a pattern 5
surrounding sections (12). 



Figure 2A shows a detailed illustration of electrically conductive
fastening unit (14). In the preferred embodiment, electrically conductive
fastening unit (14) is a solder sphere as shown in Figure 10 2A. If a
solder sphere is used, it may be made of any alloy of solder, although it
is preferably made from a high temperature solder metal so that it doesn't
melt during subsequent processing. Such high temperature solder metal may
be, for example, a metal having a high concentration of lead, a high
concentration of tin and copper, a high 15 concentration of tin and silver,
and other known compositions. Solder spheres, which are also known as
solder balls, ball grid array (BGA) spheres, or BGA balls, are spheres of
solder which are used as electrical and mechanical interconnects between
two substrates (for example, a package and a PCB, a module and a PCB, or a
PCB and 20 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 or PCB). Using 25 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 30 created, however, between the sphere and the
shield. Rather, as discussed in more detail below, the sphere is used to
provide an interference fit with the shield. While it is prefer able that
electrically conductive fastening unit (14) 35 is a separate part, a
discrete plurality of which are installed to the PCB like other electrical
components using SMT, electrically 8   VVO 02/0G9(87 PCT/US02/OS70s
conductive fastening unit (14) may alternatively be installed in a
subsequent operation, or even formed in-situ. For example, if a solder
sphere is used as electrically conductive fastening unit (14), the solder
sphere may be formed in-situ by using solder-paste which has 5 been
stenciled in a pattern against ground trace (15) and subsequently sent
through a reflow operation, forming a spherical shape from the solder
through surface tension. In an alternative embodiment, electrically
conductive fastening unit ZO (14) is a clip {18) as shown in Fig. 2B or a
mushroom-shaped button (19) as shown in Fig. 2C. Clip (18) or button (19)
is a discrete device that may be applied using a standard SMT process,
which is known to those skilled in the art. Electrically conductive
fastening unit (14) may be any shape or material provided that it is
electrically 15 conductive, discrete, reliably mechanically and
electrically attachable to a ground trace pad (13) on the PCB (10) , and is
also adapted to be removably mechanically and electrically attached to a
shield, as discussed below. 20 Referring to Fig. 2A, 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 adhesive, or other known adhesive
means. Ground trace (15) is typically gold-plated copper. Tin, silver, or
any other highly 25 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 pattern formed by solder mask (17) over continuous ground trace (15),
or the 30 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 35 (13) may
be rectangular in shape, when used with electrically conductive fastening
units (I4) which are clips (18). When ground trace pads (13) are circular,
it is desirable that this circular shape have a diameter smaller than the
diameter of, for example, the solder 



9   WO 02/0G9187 PCT/USU2/0~70~ sphere itself, but any shape or size pad
may be used if tolerances are not critical. This shape will have some
effect on the strength of the joint between the ground trace (15) and the
solder sphere, as well as affecting the mechanical and electrical
reliability of the joint between 5 shield (20) and electrically conductive
fastening unit (14) as described below, so it should be selected only after
careful consideration and trials. Keeping the solder (16) in a small,
confined area using solder mask (17) is desirable, however, since it allows
the invention to take full advantage of the phenomenon of surface tension
of solder, which 10 tends to give the electrically conductive fastening
unit (14) a self centering capability, aligning it to the exposed ground
trace pad (13). Depending on the electrical and mechanical requirements of
the design, the spacing and position of both the ground trace pads (13) 15
and discrete electrically conductive fastening units (14) may be changed.
Using smaller spacing between the ground trace pads (13), and
correspondingly between the electrically conductive fastening units (14)
will result in better high frequency EMI shielding (as described below) and
better mechanical retention of shield (20) once it 20 is installed over PCB
(10). Figure 3 illustrates a shield (20) according to an exemplary
embodiment of the invention. Shield (20) has compartments (21) adapted to
cover sections (12) on PCB (10). Shield (20) has a flange 25 (22)
containing a plurality of apertures (23). Apertures (23) are also formed in
shield (20) between compartments (21). Apertures (23) form a pattern
corresponding to the pattern formed by electrically conductive fastening
units (14) such that there is an aperture (23) adapted to mate with each
(or substantially each) electrically 30 conductive fastening unit (14).
Shield (20) is placed over PCB (10) and attached to it as shown in Figure
4. Figure 4 shows electrically conductive fastening units (14) protruding
through apertures (23) to provide a secure mechanical 35 attachment of
shield (20) to PCB (10). The diameter of each aperture (23) 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   WO 02/0G9687
PCT/US02/OS70s are larger than apertures (23), the attachment creates a
snap or interference fit which may be easily released by pulling shield
(20) away from PCB (10). Shield (20) is thus removably attached to PCB
(10). 5 When shield (20) is in place over PCB (10) with electrically
conductive fastening units (14) snap-fit into apertures (23), an EMI shield
is created around components (11) in section (12), as described below. This
prevents or limits unwanted electromagnetic radiation from 10 entering or
exiting section (12). Figure 5 shows a detailed cross-sectional view in a
preferred embodiment of flange (22) and aperture (23) (taken along A-A of
Fig. 1) which represents an external compartment wall of shield (20) 15
immediately before shield (20) is snapped in place over electrically
conductive fastening unit (14). As shown in Figure 5, aperture (23) has a
contact region (24) associated with it. Contact region (24) is adapted to
make mechanical and electrical contact with electrically conductive
fastening unit (14). In this embodiment, contact region 



20 (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 (23) using simple tooling such as a hollow metal
tube), contact region (24) deflects outwardly (in the direction of 25 arrow
B in Fig. 5) to fit over electrically conductive fastening unit (14). As a
result, contact region (24) achieves the position shown in ` Fig. 6. Upon
the application of further downward pressure, flange (22), including
aperture (23) and contact region (24), snap into the position shown in
Figure 7. In this position, contact region (24) is 30 thus in secure
mechanical engagement by interference contact with electrically conductive
fastening unit (14), such that electrically conductive fastening unit (14)
is retained by contact region (24). In this manner, shield (20) is retained
in position over PCB (10). 35 Shield (20) may be made in part from a
dielectric material, filled dielectric material, metal, metal foil,
metal-plated or coated dielectric material, or a combination thereof. While
several forming methods exist for such a shield (20), thermoforming or
vacuum forming are 11   WO U2/069687 PCT/US02/0570s preferred methods for
working with plastics, because of their low tooling costs, low
manufacturing costs, and ability to form complex shield shapes in three
dimensions. The most preferred material for shield (20) is a plastic
material such as polycarbonate, acrylonitrile 5 butadiene-styrene (ABS) ,
ABS-polycarbonate blend, polyetherimide, polytetrafluoroethylene, or
expanded polytetrafluoroethylene, any of which is plated, coated, or
laminated with a high-conductivity metal such as aluminum, nickel, copper,
silver, tin, or combinations or alloys thereof. 10 As shown in Figure 8A,
in a preferred embodiment, shield (20) is actually constructed of two layer
s, a dielectric material layer (27) and an electrically conductive layer
(26). Dielectric material layer (27) . has an inner surface (25a) and an
outer surface (25}. Electrically 15 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). Electrically conductive layer (26) is preferably
formed by a process such as sputtering, vacuum or vapor deposition,
electroless plating, or 20 electrolytic plating. Electrically conductive
layer (26) is alter natively a foil laminated to outer surface (25). This
two-layer arrangement is particularly advantageous since it reduces or
eliminates the possibility of inner surface (25a) from making unwanted
electrical contact with any components {11) on the PCB (10), even though 25
mechanical contact may still occur. This allows for elimination of any .
large gaps under shield (20), which can consume valuable space in the
volume of the electronic device, thereby permitting the design to be
smaller. Electrically conductive layer (26) may be any material adapted to
make electrical contact with electrically conductive 30 fastening unit
(14), once shield (20) is snapped in place over electrically conductive
fastening unit (14) as shown in Figure 8B. With reference to Figures 5
through 8B, it is seen that electrically conductive layer (26) and
dielectric material layer (27) of shield {20) 35 at contact region (24) of
aperture (23) are deflectable to the extent necessary to allow flange (22)
to engage and mechanically retain electrically conductive fastening unit
(14). In addition) electrically conductive layer (26) of shield (20) at
contact region (24) is in 12   WO 02/0G9687 PCT/US02/OS70S electrical
contact with electrically conductive fastening unit (14) when 



shield (20) is snapped in place as shown in Fig. 8B. In an alternative
embodiment, aperture (23) is larger than 5 electrically conductive
fastening unit (14) to start, but re-formed to be smaller after
electrically conductive fastening unit (14) passes through it. Aperture
(23) thus constricts around electrically conductive fastening unit (14),
thereby deflecting contact region (24). In another alternative embodiment
illustrated in Figures 9A, 9B, and 10 9C, electrically conductive fastening
unit (14) actually forms aperture (23) in flange (22) in-situ as it pierces
and then passes through flange (22). Figure 9A shows the shield (20) and
flange (22) prior to the aperture (23) being formed, Figure 9B shows the
aperture (23) in the process of being formed by the electrically conductive
fastening unit 15 (14) piercing through the flange (22) and Figure 9C shows
the aperture (23) fully-formed, after the electrically conductive fastening
unit (14) has passed through the flange (22). Figures 10A and 10B show
shield (20) in cross-sectiomtaken across 20 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). 25 Those skilled in the art
will recognize that there are many possible variations within the scope of
this invention for the design of contact region (24) for the shield (20).
What is critical is that contact region (24) provides reliable mechanical
retention and electrical contact with 30 electrically conductive fastening
unit (14). The inventive apparatus must survive harsh environments for
extended periods of time, which is simulated by accelerated life testing
(ALT). This ALT may include severe mechanical and 35 environmental tests
such as vibration, thermal shock, thermal cycling, so the joint must be
strong enough to survive without loosening or popping off. It is also
desirable for the joint to survive multiple openings and closings, so that
shield (20) may be reused a 13   WO 02/069687 PCT/US02/0570s number of
times. 'There are also electrical requirements that shield (20) must pass,
again through ALT. The main requirement is that the electrical and
mechanical connection between contact region (24) of shield (20) and
electrically conductive unit (14) is as reliable as 5 possible, and that
the resistance through the joint is as low as possible. Different
applications will have different requirements for such a resistance value
and spacing for the joints, depending upon the needs of the system to be
shielded. As such, many different designs for contact region (24) will be
suitable as will be recognized by 10 those skilled in the art and are
within the scope of this invention. An alternative embodiment for the shape
of contact region (24) is shown in Figures 11 and 12. Contact region (24a)
is simply the perimeter of an aperture (23a) in flange (22). Depending upon
how 15 shield (20) and contact region (24) are installed over electrically
conductive unit (14), the contact region (24) deflects to have a fluted
configuration such as that shown in Fig. 12. In this case, it is desirable
for at least the outer surface (25) of shield (20) to be metalized or have
a metal layer, to maintain electrical conductivity to 20 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) 25 that contacts electrically conductive fastening unit (14)
as shown in Fig. 14. 



It is not necessary that apertures (23) in flange (22) are circular. In
another alternative embodiment, apertures (23) in flange {22) are in 30 the
shape of an "X," or "cloverleaf', as shown in Figs. 15A and 15B
respectively, or other easily deflected configuration. Another alternative
embodiment is shown in Fig. 15C, in which aperture {23) is a "slot". In
this case, apertures (23) in flange (22) are 35 represented by two
intersecting holes (31) 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 laterally, the
electrically conductive fastening unit (14) 14   WO 02/0G9687
PCT/i1S02/OS70s engages the secondary hole (32) and contact region (24)
deflects to the extent necessary to engage and retain electrically
conductive fastening unit (14). 5 In another alternative embodiment,
apertures (23) in flange (22) are semi-circles as shown in Fig. 16. It is
also within the scope of this invention to dispense with apertures (23) in
flange (22) altogether, and simply use the edge of the flange (22) itself
to engage and retain the electrically conductive fastening unit (14). In
these two 10 embodiments, flange (22) along an exterior compartment wall
(91) of shield (20) is deflectable to fit against and be retained by
electrically conductive fastening units (14) on PCB (10). Interior
compartment walls (90) can be handled using methods discussed above, or the
multi-compartment shield can be separated into individual single 15
compartment shields to accommodate this embodiment. While particular
embodiments of the present invention have been illustrated and described
herein, the present invention should not be limited to such illustrations
and descriptions. It should be apparent 20 that the changes and
modifications may be incorporated and embodied as part of the present
invention within the scope of the following claims. 15   WO 02I069687
CLAIMS: What is claimed is: 5 10 15 20 25 30 



35 1. An apparatus comprising: PCT/US0210~705 (a) a substrate having at
least one electrical component disposed thereon; (b) a plurality of
discrete electrically conductive fastening units disposed in a pattern on
said substrate surrounding said at least one electrical component; (c) an
EMI shield 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; (d) a plurality of apertures formed in
said EMI shield such that said apertures correspond to said pattern of said
electrically conductive fastening units; (e) wherein at least one of said
apertures has a contact region and wherein both said dielectric material
layer and said electrically conductive layer of said EMI shield 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; (fj 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. 2.
An apparatus as defined in claim 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. An apparatus as defined in claim 3 wherein at least one
said solder sphere is in interference contact with said contact region of
said EMI shield. 16   WO 02/0C9(87 PCT/US02/05705 5. An apparatus as
defined in claim 1 wherein said electrically conductive layer is disposed
on said outer surface of said dielectric material layer. 5 6. An apparatus
as defined in claim 5 wherein said electrically conductive layer is
selected from the group consisting of aluminum, tin, gold, nickel, silver,
copper and combinations and alloys thereof. 10 7. An apparatus as defined
in claim 1 wherein said electrically conductive layer is foil. 8. An
apparatus as defined in claim 1 wherein said electrically 15 conductive
layer is formed by a process selected from the group of sputtering, vacuum
or vapor deposition, electroless plating, and electrolytic plating. 9. An
apparatus as defined in claim 1 wherein said substrate has 20 a plurality
of electrical components and said EMI shield further comprises a plurality
of compartments adapted to cover said plurality of electrical components. 



10. An apparatus as defined in claim 1 wherein said aperture is 25 formed
as said electrically conductive fastening unit penetrates said EMI shield.
11. An EMI shield for a substrate having at least one electrical component
disposed thereon and a plurality of discrete 30 electrically conductive
fastening units disposed in a pattern on the substrate surrounding the at
least one electronic component, said EMI shield comprising: (a) a
dielectric material layer having an inner surface and an outer surface; 35
~ (b) an electrically conductive layer over at least one of said inner and
outer surface; 17   WO 02/069687 PCT/US02/0570s (c) a plurality of
apertures formed in said shield such that said apertures correspond to the
pattern of the electrically conductive fastening units; (d) wherein at
least one of said apertures has a contact 5 region and wherein both said
dielectric material layer and said electrically conductive layer of said
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 10 fastening units; and (e) wherein
said electrically conductive layer of said EMI shield at said contact
region is in electrical contact with at least one said electrically
conductive fastening unit. 15 12. .An EMI shield as defined in claim 11
wherein said electrically conductive layer is disposed on said outer
surface of said dielectric material layer. 13. An EMI shield as defined in
claim 12 wherein said electrically 20 conductive layer is selected from the
group consisting of aluminum, tin, gold, nickel, silver, copper and
combinations and alloys thereof. 14. An EMI shield as defined in claim 11
wherein said electrically 25 conductive layer is foil. 15. An EMI shield as
defined in claim 11 wherein said electrically conductive layer is formed by
a process selected from the group of sputtering, vacuum or vapor
deposition, electroless plating, 30 and electrolytic plating. 16. An EMI
shield as defined in claim 11 wherein said substrate 



has a plurality of electrical components and said shield further comprises
a plurality of compartments adapted to cover said 35 plurality of
electrical components. 18   WO 02/1169G87 PCT/US02/US705 17. An EMI shield
as defined in claim 11 wherein at least one of said apertures informed as
at least one of said electrically conductive fastening units penetrates
said EMI shield. 5 18. An apparatus comprising:(a)a substrate having at
least one electrical componentdisposed thereon;(b)a plurality of discrete
electrically conductive fasteningunits disposed in a pattern on said
substrate10surrounding said at least one electrical component;(c)an EMI
shield consisting essentially of an electricallyconductive material;(d)a
plurality of apertures formed in said EMI shield such that said apertures
correspond to said pattern of said 15 electrically conductive fastening
units; (e) wherein at least one of said apertures has a contact region and
wherein said electrically conductive material of said EMI shield at said
contact region is deflectable to the extent necessary to allow said contact
region to 20 ~ engage and retain at least one of said electrically
conductive fastening units; and wherein said electrically conductive
material of said EMI shield at said contact region is in electrical contact
with at least one said 'electrically conductive fastening 25 unit. 19. An
apparatus as defined in claim 18 wherein at least one of said electrically
conductive fastening units is a solder sphere. 30 20. An apparatus as
defined in claim 19 wherein said substrate has a ground trace disposed on
it and said at least one solder sphere is soldered to said ground trace on
said substrate. 21. An apparatus as defined in claim 20 wherein said at
least one 35 solder sphere is in interference contact with said contact
region of said EMI shield. 19   WO 02/OG9(i87 PCT/US02/OS70s 22. An
apparatus as defined in claim is wherein said electrically conductive layer
is selected from the group .consisting of aluminum, tin, gold, nickel,
silver, copper and combinations and alloys thereof. 5 23. An apparatus as
defined in claim 18 wherein said electrically conductive layer is foil. 24.
An apparatus as defined in claim 18 wherein said electrically 10 conductive
layer is formed by a process selected from the group of sputtering, vacuum
or vapor deposition, electroless plating, and electrolytic plating. 



25. An apparatus as defined in claim 18 wherein said substrate 15 has a
plurality of electrical components and said EMI shield further comprises a
plurality of compartments adapted to cover said plurality of electrical
components. 26. An apparatus as defined in claim 18 wherein at least one of
20 said apertures is formed as at least one of said electrically conductive
fastening units penetrates said EMI shield. 27. An apparatus as defined in
claim 18 wherein said electrically conductive material is a dielectric
material containing 25 conductive particles. 28. An apparatus comprising:
(a) a substrate having at least one electrical component disposed thereon;
. 30 (b) a plurality of solder spheres disposed on said substrate
surrounding said at least one electrical component; (c) an EMI shield
comprising at least one compartment adapted to cover said at least one
electrical component, said EMT shield further comprising a dielectric
material layer 35 having an inner surface and an outer surface and an
electrically conductive layer over at least one of said. inner and outer
surface; and 20   WO U2/069687 PCT/US021OS70s (d) wherein said electrically
conductive layer of said EMI shield is in electrical contact with at least
one of said solder spheres, and wherein said EMI shield and said solder
spheres copabine to limit electromagnetic radiation from 5 entering or
exiting said at least one compartment. 21
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