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EMI SHIELDS AND
RELATED MANUFACTURING METHODS

FIELD OF THE INVENTION
[0001] The present invention relates to multi-piece shields for
shielding components on a printed circuit board from electromagnetic

interference (EMI)/radio frequency interference (RFI).

BACKGROUND OF THE INVENTION

[0002] Electronic equipment may include electrical components and
circuits mounted on a substrate that can be sensitive to electromagnetic
interference (EMI) and radio frequency interference (RFl). Such EMI/RFI
interference may originate from internal sources within the electronic
equipment or from external sources. Interference can cause degradation or
complete loss of important signals, rendering the electronic equipment
inefficient or inoperable. Accordingly, the circuits (sometimes referred to as
RF modules or transceiver circuits) should include EMI/RFI shielding in order
to function properly. This shielding reduces interference not only from external
sources, but also from various functional blocks within the module.

[0003] Accordingly, electronic circuits or components of a printed
circuit board (PCB) are often shielded with shields that are soldered or
otherwise affixed to the PCB, thus increasing the overall size of the PCB.
Soldered shields, however, may need to be removed to repair or replace the
covered component, which can be an expensive and time consuming task
that can even cause damage to the PCB.

SUMMARY OF THE INVENTION
[0004] According to one aspect, the present invention provides EMI
shields. In one particular embodiment, the EMI shield generally includes a
frame and a cover. The frame includes peripheral walls each having at least
one folded portion forming an outer sidewall and an inner sidewall. The cover
includes a lid portion and a plurality of edge portions extending downwardiy
from the lid portion. The shield includes at least one dimple configured to be
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engagingly received in at least one opening for releasably retaining the cover
to the frame.

f0005] According to another aspect, the present invention provides
methods of making EMI shields. In one exemplary embodiment, a method
generally includes stamping in a single piece of material a flat pattern partial
profile for a frame and a cover. The profile for the frame includes having at
least one dimple or opening. The profile for the cover includes a plurality of
edge portions having at least one of the other of the dimple and the opening.
The profile for the cover is disposed within the area generally defined between
the frame's peripheral walls. The method also includes forming at least one
folded portion in at least one peripheral wall of the frame to thereby provide
the at least one peripheral wall with an outer sidewall and an inner sidewall
such that the inner sidewall includes the at least one of the dimple and the
opening folded over and engaged with the at least one of the other of the
dimple and the opening of the cover. The method further includes bending the
frame’s peripheral walls and the cover's edge portions generally perpendicular
to the cover, and stamping to remove the remaining material connecting the
frame to the cover to thereby form two separable frame and cover pieces,
whereby the cover is releasably retained to the frame by the engagement of
the dimple with the opening.

[0006] In another embodiment, a method of making an EMI shield
generally includes stamping in a single piece of material a flat pattern partial
profile for a frame and a cover. The profile for the frame includes peripheral
walls each having at least one opening therein. The profile for the cover
includes edge portions each having at least one dimple formed therein. The
profile for the cover is disposed within the area defined generally within the
frame peripheral walls. The method also includes forming bends in the
frame's peripheral walls to thereby form at least one tab surface generally
perpendicular to the peripheral walls, and forming folded portions in the
frame's peripheral walls to thereby provide the peripheral walls with an outer
sidewall and an inner sidewall such that the inner sidewalls include the
openings folded over and engaged with the dimples of the cover's edge
portions. The method further includes bending the frame's peripheral walls

and the cover's edge portions generally perpendicular to the cover, and
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stamping to remove the remaining material connecting the frame to the cover
to thereby form two separable frame and cover pieces, whereby the cover is
releasably retained to the frame by the engagement of the dimples with the
openings.

[0007] In another embodiment, a method of making an EMI shield
generally includes forming outer portions of a blank generally inwardly about
one hundred eighty degrees to thereby form a frame's outer and inner
sidewalls, and forming upper portions of the frame’s inner sidewalls outwardly
about ninety degrees to thereby form surfaces generally perpendicular to the
frame's inner sidewalls. The method also includes forming the frame’s inner
and outer sidewalls and portions of the blank defining a cover’s edge portions
inwardly about ninety degrees, and severing the remaining material of the
blank connecting the frame to the cover to thereby form two separable frame
and cover pieces.

[0008] Further areas of applicability and aspects of the present
invention will become apparent from the detailed description provided
hereinafter. It should be understood that the detailed description and specific
examples, while indicating exemplary embodiments of the invention, are
intended for purposes of illustration only and are not intended to limit the

scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully understood
from the detailed description and the accompénying drawings, wherein:

[0010] FIG. 1 is a perspective view of an exemplary EMI shield
including a frame and a cover shown assembled onto the frame according to
one embodiment of the invention;

[0011] FIG. 2 is an exploded perspective view of an EMI shield
according to another exemplary embodiment of the invention;

[0012] FIG. 3 is a perspective view of an EMI shield including a
frame and a cover shown assembled onto the frame according to another
exemplary embodiment of the invention;
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[0013] FIG. 4 is a plan view of a blank including a flat pattern partial
profile that can be used to make the EMI shield shown in FIG. 3 according to
one exemplary embodiment of the invention;

[0014] FIG. 5is a cutaway view of the EMI shield shown in FIG. 3.

[0015] FIG. 6 is an exploded perspective of view of an EMI shield
according to another exemplary embodiment of the invention;

[0016] FIG. 7 is a lower exploded perspective view of the EMI shield
shown in FIG. 7;

[0017] FIG. 8 is a perspective view of the EMI shield shown in FIG.
6 with the cover shown assembled onto the frame;

[0018] FIG. 9is an upper view of the EMI shield shown in FIG. 8;

[0019] FIG. 10 is a front side elevation view of the EMI shield shown
in FIG. 8;

[0020] FIG. 11 is a end elevation view of the EMI shield shown in
FIG. 8;

[0021] FIG. 12 is a partial cross-sectional view of the EMI shield
taken along the line 12-12 in FIG. 9; and

[0022] FIG. 13 is plan view of a blank including a flat pattern partial
profile that can be used to make the EMI shield shown in FIGS. 6 through 12
according to one exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0023] The following description of the exemplary embodiments is
merely exemplary in nature and is in ho way intended to limit the invention, its
application, or uses.

[0024] According to one aspect, the present invention provides EMI
shields. In one particular embodiment, the EMI shield generally includes a
frame and a cover, The frame includes peripheral walls each having at least
one folded portioh forming an outer sidewall and an inner sidewall. The cover
includes a lid portion and a plurality of edge portions extending downwardly
from the lid portion. The shield includes at least one dimple configured to be
engagingly received in at least one opening for releasably retaining the cover
to the frame.
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[0025] According to another aspect, the present invention provides
methods of making EMI shields. In one exemplary embodiment, a method
generally includes stamping in a single piece of material a flat pattern partial
profile for a frame and a cover. The profile for the frame includes having at
least one dimple or opening. The profile for the cover includes a plurality of
edge portions having at least one of the other of the dimple and the opening.
The profile for the cover is disposed within the area generally defined between
the frame’s peripheral walls. The method also includes forming at least one
folded portion in at least one peripheral wall of the frame to thereby provide
the at least one peripheral wall with an outer sidewall and an inner sidewall
such that the inner sidewall includes the at least one of the dimple and the
opening folded over and engaged with the at least one of the other of the
dimple and the opening of the cover. The method further includes bending the
frame’s peripheral walls and the cover's edge portions generally perpendicular
to the cover, and stamping to remove the remaining material connecting the
frame to the cover to thereby form two separable frame and cover pieces,
whereby the cover is releasably retained to the frame by the engagement of
the dimple with the opening.

[0026] In another embodiment, a method of making an EMI shield
generally includes stamping in a single piece of material a flat pattern partial
profile for a frame and a cover. The profile for the frame includes peripheral
walls each having at least one opening therein. The profile for the cover
includes edge portions each having at least one dimple formed therein. The
profile for the cover is disposed within the area defined generally within the
frame peripheral walls. The method also includes forming bends in the
frame’s peripheral walls to thereby form at least one tab surface generally
perpendicular to the peripheral walls, and forming folded portions in the
frame’s peripheral walls to thereby provide the peripheral walls with an outer
sidewall and an inner sidewall such that the inner sidewalls include the
openings folded over and engaged with the dimples of the cover's edge
portions. The method further includes bending the frame’s peripheral walls
and the cover's edge portions generally perpendicular to the cover, and
stamping to remove the remaining material connecting the frame to the cover
to thereby form two separable frame and cover pieces, whereby the cover is
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releasably retained to the frame by the engagement of the dimples with the
openings.

[0027] In another embodiment, a method of making an EMI shield
generally includes forming outer portions of a blank generally inwardly about
one hundred eighty degrees to thereby form a frame’s outer and inner
sidewalls, and forming upper portions of the frame’s inner sidewalls outwardly
about ninety degrees to thereby form surfaces generally perpendicular to the
frame's inner sidewalls. The method also includes forming the frame’s inner
and outer sidewalls and portions of the blank defining a cover’s edge portions
inwardly about ninety degrees, and severing the remaining material of the
blank connecting the frame to the cover to thereby form two separable frame
and cover pieces.

[0028] Other aspects include methods of using such shields, and
methods of making such shields. Further aspects relate to the
subcomponents of such shields including the frames, covers, and methods of
making the subcomponents. Any of the aspects of the present invention can
be used individually or in combination with any one or more of the other
aspects of the present invention.

[0029] FIG. 1 illustrates an exemplary embodiment of an EMI shield
according to the principles of the present invention. As shown in FIG. 1, the
EMI shield 20 includes a frame 22 and a removable cover 32. The cover 32 is
assembled onto the frame 22, but can be readily removed as described
herein.

[0030] The frame 22 includes peripheral walls 24. Each wall 24
includes at least one folded portion 26 that provides each peripheral wall 24
with an outer sidewall 27 and an inner sidewall 28. While the frame 22 shown
in FIG. 1 includes three peripheral walls 24 in a generally triangular
configuration, other embodiments can include a frame having more or less
than three peripheral walls and/or peripheral walls in a non-triangular
configuration (e.g., rectangular, circular, etc.). For example, FIG. 2 illustrates
an EMI shield 120 including a frame 122 with four peripheral walls 124
arranged in a generally rectangular configuration.

[0031] With continued reference to FIG. 1, each of the frame's inner

sidewalls 28 includes openings for receiving corresponding dimples 40 of the
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cover 32. In this particular embodiment, each of the frame’s inner sidewalls 28
includes five circular through-holes. Alternative embodiments include more or
less than five openings (and in some cases no openings) in each frame inner
sidewall, and/or openings that do not extend completely through the inner
sidewalls. Plus, each of the frame’s inner sidewalls does not need to include
the same number of openings as the other inner sidewalls of the frame. In yet
other embodiments, one or more of the openings in the frame inner sidewalls
may be configured with a non-circular shape, such as a relatively oblong
opening, slot, notch, hole, recess, rectangular opening, etc.

[0032] The shield 20 also includes the cover 32 that can be
removably attached to the frame 22. The cover 32 includes a lid portion 34
and edge portions 36 extending downwardly from the lid portion 34. The edge
portions 36 include dimples, detents or protrusions 40 configured to be
engagingly received in the openings in the frame's inner sidewalls 28. In the
illustrated embodiment shown in FIG. 1, each of the cover's edge portions 36
includes five dimples 40 configured to be engagingly received in the
corresponding openings in the frame’s inner sidewalls 28. Alternatively, other
embodiments can include a cover having more or less than five dimples (and
in some cases no dimples) on each of the cover’s edge portions. Plus, each
cover edge portion does not need to include the same number of dimples as
the cover's other edge portions. In yet other embodiments, one or more of the
dimples may be engagingly received in an opening other than a circular
through-hole, such as a relatively long opening or slot in a frame inner
sidewall.

[0033] The shield 20 and its dimples 40 are configured (e.g.,
shaped, sized, and spaced apart from one another on the edge portions 36)
such that the dimples 40 can be slid over the frame’s inner sidewalls 28 to
engage the openings of the frame’s inner sidewalls 28. In one exemplary
embodiment, the cover's edge portions 36 may flex outwardly and/or the
frame's peripheral walls 24 may flex inwardly as the dimples 40 are slid over
the frame’s inner sidewalls 28 for engaging the openings. In this exemplary
manner, the cover 32 can thus be releasably retained to the frame 22 by the
engagement of the dimples 40 within the openings in the frame’s inner
sidewalls 28. This, in turn, provides an EMI shield 20 having a cover 32 that
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may be readily removed from the frame 22, for example, to allow access to
components under the cover 32. The cover 32 may subsequently be
reattached to the frame 22, or a new cover 32 may be assembled onto the
frame 22. Accordingly, various embodiments of the present invention can help
avoid the access problems associated with soldered shields by providing
shields that can be readily opened when repair work is necessary or desired.

[0034] In various embodiments, the cover 32 and dimples 40 can be
integrally or monolithically formed as a single component. One exemplary
implementation stamps the dimples 40 into the cover 32. Other suitable
manufacturing processes besides stamping can also be used to integrally
form the cover and the dimples as a single component.

[0035] Even though the dimples 40 can be formed integrally with the
cover 32, such is not required. In other embodiments, the dimples 40 may
comprise discrete components that are separately engaged to the cover 32
(or to the frame 22 as the case may be), for example, by welding, among
other suitable methods.

[0036] While FIG. 1 shows the cover 32 including only dimples 40
and the frame 22 including only openings, such is not required. Other
embodiments can include the frame having one or more dimples, and the
cover having one or more openings. In further embodiments, different
combinations of dimples and openings can be defined by either or both the
frame and the cover depending on the particular application.

[0037] A wide range of materials can be used for the shield 20. In
one embodiment, the frame 22 and cover 32 are both formed of cold rolied
steel or stainless steel. Alternatively, the frame 22 and cover 32 may be made
of nickel-silver alloy, tin-plated cold rolled steel, carbon steel, or other suitable
electrically conductive and/or non-magnetic material suitabie for use as an
EMI shield.

[0038] FIG. 2 illustrates another embodiment of an EMI shield 120.
As shown, the shield 120 includes a frame 122 and a cover 132 removably
attached to the frame 122. The frame 122 includes one or more peripheral
walls 124. Each wall 124 includes a folded portion 126 bent inwardly to form
generally vertical outer and inner sidewalls 127 and 128. The outer and inner
sidewalls 127 and 128 are generally parallel with one another. The outer
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sidewall 127, folded portion 126, and inner sidewall 128 collectively have or
define a generally U-shaped profile, although other configurations are also
possible in other embodiments.

[0039] While the frame 122 shown in FIG. 2 includes four peripheral
walls 124 in a generally rectangular configuration, other embodiments can
include a frame having more or less than four peripheral walls and/or
peripheral walls in a non-rectangular configuration (e.g., triangular, hexagonal,
circular, etc.). For example, FIG. 1 illustrates an EMI shield 20 including a
frame 22 with three peripheral walls 24 arranged in a generally triangular
configuration.

[0040] With continued reference to FIG. 2, each of the frame’s inner
sidewalls 128 includes openings 130 for receiving corresponding dimples,
detents, or protrusions 140 of the cover 132. In this particular embodiment,
each of the frame’s inner sidewalls 128 includes five circular through-holes
130. Alternative embodiments include more or less than five openings (and in
some cases no openings) in an inner sidewall, and/or openings that do not
extend completely through the inner sidewalls. Plus, each of the frame’s inner
sidewalls does not need to include the same number of openings as the other
inner sidewalls of the frame. In yet other embodiments, one or more of the
openings in the frame inner sidewalls may be configured with a non-circular
shape, such as a relatively oblong opening, slot, notch, hole, recess,
rectangular opening, etc.

[0041] The shield 120 also includes the cover 132 that can be
removably attached to the frame 122. The cover 132 includes a lid portion 134
and edge portions 136 extending downwardly from the lid portion 134. The
edge portions 136 include dimples 140 configured to be engagingly received
in the openings 130 in the frame’s inner sidewalls 128. In the illustrated
embodiment shown in FIG. 2, each of the cover's edge portions 136 includes
five dimples 140 configured to be engagingly received in the corresponding
openings 130 in the frame’s inner sidewalls 128. Alternatively, other
embodiments can include a cover having more or less than five dimples (and
in some cases no dimples) on each of the cover's edge portions. Plus, each
cover edge portion does not need to include the same number of dimples as
the cover's other edge portions. In yet other embodiments, one or more of the
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dimples may be engagingly received in an opening other than a circular
through-hole, such as a relatively long opening or slot in a frame inner
sidewall.

[0042] The shield 120 and its dimples 140 are configured (e.g.,
shaped, sized, and spaced apart from one another on the edge portions 136)
such that the dimples 140 can be slid over the frame's inner sidewalls 128 to
engage the openings 130 of the frame’s inner sidewalls 128. In one
exemplary embodiment, the cover's edge portions 136 may flex outwardly
and/or the frame’s peripheral walls 124 may flex inwardly as the dimples 140
are slid over the frame’s inner sidewalls 128 for engaging the openings 130.
The cover 132 can thus be releasably retained to the frame 122 by the
engagement of the dimples 140 within the openings 130 in the frame’s inner
sidewalls 128. This, in turn, provides an EMI shield 120 having a cover 132
that may be readily removed from the frame 122, for example, to allow access
to components under the cover 132. The cover 132 may subsequently be
reattached to the frame 122, or a new cover 132 may be assembled onto the
frame 122. Accordingly, various embodiments of the present invention can
help avoid the access problems associated with soldered shields by providing
shields that can be readily opened when repair work is necessary or desired.

[0043] In various embodiments, the cover 132 and dimples 140 can
be integrally or monolithically formed as a single component. One exemplary
implementation stamps the dimples 140 into the cover 132. Other suitable
manufacturing processes besides stamping can also be used to integrally
form the cover and the dimples as a single component.

[0044] Even though the dimples 140 can be formed integrally with
the cover 132, such is not required. In other embodiments, the dimples 140
may comprise discrete components that are separately engaged to the cover
132 (or to the frame 122 as the case may be), for example, by welding,
among other suitable methods.

[0045] While FIG. 2 shows the cover 132 including only dimples 140
and the frame 122 including only openings 130, such is not required. Other
embodiments can include the frame having one or more dimples, and the

cover having one or more openings. In further embodiments, different
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combinations of dimples and openings can be defined by either or both the
frame and the cover depending on the particular application.

[0046] A wide range of materials can be used for the shield 120. In
one embodiment, the frame 122 and cover 132 are both formed of cold rolled
steel or stainless steel. Alternatively, the frame 122 and cover 132 may be
made of nickel-silver alloy, tin-plated cold rolled steel, carbon steel, or other
suitable electrically conductive and/or non-magnetic material suitable for use
as an EMI shield.

[0047] In various embodiments, the cover portion 132 may be easily
removed from and reattached to the frame 122. In one particular embodiment,
the shield 120 is configured such that its cover 132 may be releasably
removed from the frame 122 when a force in the range of about one pound to
about five pounds is applied to the cover 132. This allows the cover 132 fo be
easily removed from the frame 122, for example, to permit rework or
replacement of electrical components that may lie under the cover 132 on a
printed circuit board, without requiring any severing or breaking off of a
separate portion of the cover. By virtue of the low force required to remove the
cover, the cover is also removable without the use of tools in some
embodiments.

[0048] In various embodiments, the contact established between
the cover 132 and the frame 122 provides an effective amount of electrical
conduction between the cover 132 and the frame 122 for conducting
electromagnetic energy absorbed by the shield to a ground plane on a printed
circuit board.

[0049] In various embodiments, the frame’s inner sidewalls 128 can
also be configured to close off or seal the interface or open area generally
between the cover's edge portions 136 and the frame’s outer sidewalls 127.
This feature can substantially eliminate (or at least reduce) gaps between the
cover’s edge portions 136 and the frame’s outer sidewalls 127. This, in turn,
can inhibit electromagnetic energy from passing through or leaking out of the
gaps or interfaces, thus providing better shielding.

[0050] In various embodiments, the cover 132 when releasably
retained to the frame 122 can provide an EMI shield 120 with a height of not
more than about four millimeters, while providing accessibility to objects that
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are enclosed beneath the removable cover 132 of the EMI shield 120. In one
particular embodiment, a shield having a height of about three millimeters is
provided. In another embodiment, a shield having a height of about six
millimeters is provided.

[0051] Accordingly, various embodiments of the present invention
can provide an EMI shield with a removable cover with reduced gaps or
spaces for inadvertent escape of electromagnetic interference between the
frame and the cover. The dimensions set forth in this paragraph (as are all
dimensions herein) are provided for illustrative pﬁrposes only, and not for
purposes of limitation.

[0052] In various embodiments, each inner sidewall 128 may further
comprise at least one folded upper surface 142 that is generally perpendicular
to the inner sidewall 128. The at least one upper surface 142 is spaced above
the at least one opening 130 in the inner sidewall 128 such that the lid portion
134 of the cover 132 contacts the at least one upper surface 142 when each
dimple 140 is received within the at least one opening 130 in each inner
sidewall 128. This, in turn, may help retain the cover 132 to the frame 122 in a
more secure manner.

[0053] In the embodiment shown in FIG. 2, each inner sidewall 128
includes five upper surfaces 142 which are generally perpendicular to the
inner sidewall 128. Alternative embodiments may include more or less than
five upper surfaces 142 (and in some cases no such upper surfaces)
generally perpendicular to the inner sidewall 128.

[0054] The frame 122 shown in FIG. 2 includes perimeter walls 124
having mounting feet 144 for contacting one or more components of a printed
circuit board (not shown) to establish or provide for electrical contact with the
printed circuit board. The dimples 140 can help establish electrical conduction
between the cover 132 and the frame’s inner sidewalls 128. Where the inner
sidewalls 128 include at least one upper surface 142 perpendicular to the
inner sidewall 128, electrical contact can also be established between the
inner surface or underside of the cover's lid portion 134 and the at least one
upper surface 142 of the frame’s inner sidewall 128.

[0055] With reference now to FIGS. 3 through 5, various
embodiments of an EMI shield 220 include a frame 222 and a cover 232. As
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shown, the frame 222 includes four perimeter walls 224 in a generally
rectangular configuration and a top having an opening therein.

[0056] The frame’s perimeter walls 224 include mounting feet 244.
The mounting feet 244 can be formed as an integral part of each frame wall
224. The mounting feet 244 can be generally tapered and provide a mounting
surface for mating with a ground plane or trace pad on a printed circuit board.

[0057] The cover 232 of the shield 220 has a generally rectangular
planar top 234 and four edge portions 236 extending downwardiy therefrom.
The cover's edge portions 236 include laterally spaced detents or dimples
240.

[0058] As shown in FIG. 5, each of the frame’s perimeter walls 224
includes a folded portion 226 that is bent inwardly to form generally vertical
outer and inner sidewalls 227 and 228. These sidewalls 227 and 228 are
generally parallel to one another. The outer sidewall 127, folded portion 126,
and inner sidewall 128 collectively have or define a generally U-shaped
profile, although other configurations are also possible in other embodiments.

[0059] The frame’s inner sidewalls 228 include laterally spaced
openings 230 therein. The openings 230 are appropriately positioned and
configured to respectively receive the laterally spaced dimples 240 on the
cover’s edge portions 236. The dimples 240 on the cover's edge portions 236
are adapted to slide shugly over the inner sidewalls 228 of the frame 222, and
into the corresponding openings 230 in the frame’s inner sidewalls 228 to
releasably retain the cover 232 to the frame 222. In one exemplary
embodiment, the cover's edge portions 236 may flex outwardly and/or the
frame’s peripheral walls 224 may flex inwardly as the dimples 240 are slid
over the frame's inner sidewalls 228 for engaging the openings. In this
exemplary manner, the cover 232 can thus be releasably retained to the
frame 222 by the engagement of the dimples 240 within the openings in the
frame’s inner sidewalls 228.

[0060] In this particular embodiment, each of the frame’s inner
sidewalls 228 includes five circular through-holes. Alternative embodiments
include more or less than five openings (and in some cases no openings) in
each frame inner sidewall, and/or openings that do not extend completely
through the inner sidewalls. Plus, each of the frame’s inner sidewalls does not
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need to include the same number of openings as the other inner sidewalls of
the frame. In yet other embodiments, one or more of the openings in the
frame inner sidewalls may be configured with a non-circular shape, such as a
relatively oblong opening, slot, notch, hole, recess, rectangular opening, etc.

[0061] In the illustrated embodiment shown in FIG. 3, each of the
cover's edge portions 236 includes five dimples 240 configured to be
engagingly received in the corresponding openings in the frame’s inner
sidewalls 228. Alternatively, other embodiments can include a cover having
more or less than five dimples (and in some cases no dimples) on each of the
cover's edge portions. Plus, each cover edge portion does not need to include
the same number of dimples as the cover’s other edge portions. In yet other
embodiments, one or more of the dimples may be engagingly received in an
opening other than a circular through-hole, such as a relatively long opening
or slot in a frame inner sidewall.

[0062] While FIG. 3 shows the cover 232 including only dimples 240
and the frame 222 including only openings, such is not required. Other
embodiments can include the frame having one or more dimples, and the
cover having one or more openings. In further embodiments, different
combinations of dimples and openings can be defined by either or both the
frame and the cover depending on the particular application.

[0063] The top surface of the frame 222 also helps to establish
good electrical contact with the underside of the cover’s planar top 234 when
the cover 232 is retained on the frame 222 via the engagement of the dimples
240 and openings 230. The contact area established between the cover's
planar top 234 and the frame 222 can help form an electrically conductive
pathway that provides an effective amount of electrical conduction between
the cover 232 and frame 222 for conducting electromagnetic energy absorbed
by the shield 220 through the mounting feet 244 to a ground plane on a
printed circuit board.

[0064] The frame 222 may be made of a material suitable for
soldering the feet 244 to traces on a printed circuit board. Exemplary
materials for the frame 222 include cold rolled steel or nickel-silver alloy.
Alternative materials for the frame 222 include carbon steel, stainless steel,
tin-plated cold rolled steel, etc.
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[0065] While feet 244 of the frame 222 can be soldered to a printed
circuit board (PCB), the frame 222 may also be affixed o a circuit board by
any suitable manner desired, such as adhesives, mechanical fasteners, clips,
etc. In one embodiment, the frame 222 may be attached to a PCB via
soldering the mounting feet 244 to grounded traces positioned on the PCB
substrate and/or around the electrical circuits generating (or requiring
protection from) electromagnetic interference as well as around the electrical
circuits that are susceptible to interference.

[0066] In another aspect of the present invention, a shield (e.g., 20,
120, 220, 320, etc.) may be fabricated from a single blank of material to
provide a cover (e.g., 32, 132, 232, 332, etc.) adapted to be releasably
attached to a frame (e.g., 22, 122, 222, 322, etc.). In the illustrated
embodiment of FIGS. 3 through 5, the frame 222 and the cover 232 are sized
such that the cover 232 may be nested in the area of material within the frame
222, thereby allowing the frame 222 and cover 232 to be substantially
simultaneously fabricated from the same single blank or strip of material.

[0067] Other embodiments of an EMI shield may include a plurality
of carrying corners (e.g., tabs at the corners, etc.) to permit fabrication of the
shield 220 through a progressive die stamping process. In such embodiments,
the carrying corners may allow the frame 222 being stamped to be retained
within the raw material strip that is fed through the progressive die press,
while forming the downwardly extending edge portions 236 of the cover 232
and the peripheral walls 224 of the frame 222.

[0068] Referring to FIG. 4, the progressive die completes the
fabrication of the frame 222 and cover 232 by stamping out the adjoining
portion of material 248 connecting the frame 222 and cover 232, thus
separating the frame 222 from the cover 232 with a minimum (or at least
reduced) width between the frame 222 and cover 232. For example, the width
of the stamped opening between the frame 222 and cover 232 may be a
fractional amount of the wavelength of the electromagnetic radiation emitted
by the electrical component to be enclosed by the shield 220, and for a
wireless communication device may be on the order of about one to several
millimeters.
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[0069] In various embodiments, the frame’s inner sidewalls 228 can
also be configured to close off or seal the interface or open area generally
between the cover's edge portions 236 and the frame’s outer sidewalls 227.
This feature can substantially eliminate (or at least reduce) gaps between the
cover's edge portions 236 and the frame’s outer sidewalls 227. This, in turn,
can inhibit electromagnetic energy from passing through or leaking out of the
gaps or interfaces, thus providing better shielding. Accordingly, aspects of the
invention provide an EMI shield 220 assembly with a replaceable cover 232
that may be made with substantially no gaps between the cover's edge
portions 236 and the frame's outer sidewalls 227 to provide better EMI
shielding of an enclosed component, wherein the two pieces may be nested
as one piece to permit progressive stamping of both the cover 232 and frame
222 from the same single strip of material with minimal (or at least reduced)
material fall-off. The progressive stamping produces a cover 232 that is
adapted to be releasably attached to the frame 222, such that the cover
portion 232 may be readily, removed and replaced.

[0070] In another aspect, the present invention provides methods of
making or fabricating EMI shields. In one particular embodiment, the method
generally includes stamping in a piece material a partial profile flat pattern for
a frame 222 and a cover 232. The partial profile for the frame 222 includes
peripheral walls 224 each having at least one opening 230 therein. The partial
profile for the cover portion 232 has a plurality of edge portions 236, each of
which have at least one dimple 240 formed therein. The partial profile for the
cover 232 is disposed within the area defined by frame’s perimeter walls 224,
such that the cover 232 may be stamped within the area of material that is
generally surrounded by and defined between the frame's walls 224.

[0071] After stamping the partial flat pattern profile for the frame 222
and cover 232 in the piece of material, folded portions 226 are formed in each
of the frame’s perimeter walls 224. This operation provides each wall 224 with
outer and inner sidewalls 227 and 228, with the inner sidewalls 228 including
at least one opening 230. Each inner sidewall 228 is generally paraliel with
the corresponding outer sidewall 227, and overlaps at least part of the
corresponding edge portion 236 of the cover 232. Forming the folded portions
226 also locates the openings 230 in the inner sidewalls 228 such that the
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openings 230 are disposed around the corresponding dimples 240 in the
cover’s edge portions 236.

[0072] The method may also include bending each frame wall 224
and each cover edge portion 236 generally perpendicular to the cover 232.
This bending operating can be performed such that the openings 230 in the
frame’s inner sidewalls 228 remain adjacent to and disposed generally around
the dimples 240 in each edge portion 236 of the cover 232.

[0073] The method can also include stamping the remaining profile
of the frame 222 and the cover 232 to form two separable frame and cover
pieces. The stamping removes material 248 connecting and disposed
between the frame 222 and the cover 232. This stamping operation can be
performed such that each dimple 240 is retained within the corresponding
opening 230. The stamping can also remove any carrying corners that may
have been used to support the frame 222.

[0074] Referring to FIG. 5, a cut-away view of the cover 232 shows
the generally curved cross-section of the downwardly extending edge portions
236 of the cover 232 including at least one dimple 240. The cross-section of
the dimples 240 are also shown disposed within the at least one opening 230
in the inner sidewalls 228 of the frame 222.

[00756] In this particular embodiment, the spacing between dimples
240 on opposing edge portions 236 are such that a slight interference fit with
the frame inner sidewalls 228 is provided. The distance between the opposing
dimples 240 can be a predetermined distance that will suitably fit over the
frame perimeter walls 224 with a nominal or relatively low downward force. In
one embodiment, the dimples 240, openings 230 and the predetermined
distance between dimples 240 are configured such that there is provided a
slight interference with the frame’s walls 224 when the cover 232 is slid onto
the frame 222. In various embodiments, a force in the range of about one
pound to about five pounds may be required to slide the cover 232 onto or off
the frame 222.

[0076] The generally curved shape of the formed cover edge
portions 236 can also allow the cover’'s edge portions 236 to gradually deflect
and spread apart while the cover 232 is being slid on and off of the frame 222.
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[0077] FIGS. 6 through 12 illustrate another exemplary embodiment
of an EMI shield 320 embodying one or more aspects of the invention. As
shown, the EMI shield 320 includes a frame 322 and a cover 332 removably
attachable to the frame 322. The frame 322 includes one or more peripheral
walls 324. Each wall 324 includes a folded portion 326 bent to form generally
vertical outer and inner sidewalls 327 and 328. The outer and inner sidewalls
327 and 128 are generally parallel with one another.

[0078) While the illustrated frame 322 has four peripheral walls 324
in a generally rectangular configuration, other embodiments can include a
frame having more or less than four peripheral walls and/or peripheral walls in
a non-rectangular configuration (e.g., triangular, hexagonal, circular, etc.). For
example, FIG. 1 illustrates an EMI shield 20 including a frame 22 with three
peripheral walls 24 arranged in a generally tfriangular configuration.

[0079] With continued reference to FIGS. 6 through 12, each of the
frame's inner sidewalls 328 includes openings 330 for receiving
corresponding dimples, detents, or protrusions 340 of the cover 332. In this
particular embodiment, each of the frame’s inner sidewalls 328 includes three
circular through-holes 330. Alternative embodiments include more or less than
three openings (and in some cases no openings) in an inner sidewall, and/or
openings that do not extend completely through the inner sidewalls. Plus,
each of the frame’s inner sidewalls does not need to include the same number
of openings as the other inner sidewalls of the frame. In yet other
embodiments, one or more of the openings in the frame inner sidewalls may
be configured with a non-circular shape, such as a relatively oblong opening,
slot, notch, hole, recess, rectangular opening, etc.

[0080] The shield 320 also includes the cover 332 that can be
removably attached to the frame 322. The cover 332 includes a lid portion 334
and edge portions 336 extending downwardly from the lid portion 334.

[0081] In this particular embodiment, the cover 332 includes holes
337. These holes 337 can allow airflow for ventilation to help cool the circuit
elements or devices covered by the shield 320. The holes 337 may also
permit visual inspection of the portions of the devices (e.g., transceiver
circuits) underneath the shield 320 without having to remove the cover 332. In
various embodiments, the holes 337 are generally sufficiently small to prevent
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passage of interfering electromagnetic interference. The particular number,
size, arrangement, and shape of the holes 337 can be varied and tailored to a
particular application, such as tailoring based on sensitivity of the portion of
the transceiver circuit beneath the shield 320. By way of example only, the
diameter of the holes 337 can be made smaller for more sensitive circuitry.

[0082] The cover's edge portions 336 include dimples 340
configured to be engagingly received in the openings 330 in the frame’s inner
sidewalls 328. In the illustrated embodiment, each of the cover's edge
portions 336 includes three dimples 340 configured to be engagingly received
in the corresponding openings 330 in the frame’s inner sidewalls 328.
Alternatively, other embodiments can include a cover having more or less
than three dimples (and in some cases no dimples) on each of the cover’s
edge portions. Plus, each cover edge portion does not need to include the
same number of dimples as the cover's other edge portions. In yet other
embodiments, one or more of the dimples may be engagingly received in an
opening other than a circular through-hole, such as a relatively long opening
or slot in a frame inner sidewall.

[0083] The shield 320 and its dimples 340 are configured (e.g.,
shaped, sized, and spaced apart from one another on the edge portions 336)
such that the dimples 340 can be slid over the frame’s inner sidewalls 328 to
engage the openings 330 of the frame's inner sidewalls 328. In one
exemplary embodiment, the cover's edge portions 336 may flex outwardly
and/or the frame’s peripheral walls 324 may flex inwardly as the dimples 340
are slid over the frame's inner sidewalls 328 for engaging the openings 330.
The cover 332 can thus be releasably retained to the frame 322 by the
engagement of the dimples 340 within the openings 330 in the frame’s inner
sidewalls 328. This, in turn, provides an EMI shield 320 having a cover 332
that may be readily removed from the frame 322, for example, to allow access
to components under the cover 332. The cover 332 may subsequently be
reattached to the frame 322, or a new cover 332 may be assembled onto the
frame 322. Accordingly, various embodiments of the present invention can
help avoid the access problems associated with soldered shields by providing
shields that can be readily opened when repair work is hecessary or desired.
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[0084] In various embodiments, the cover 332 and dimples 340 can
be integrally or monolithically formed as a single component. One exemplary
implementation stamps the dimples 340 into the cover 332. Other suitable
manufacturing processes besides stamping can also be used to integrally
form the cover and the dimples as a single component.

[0085] Even though the dimples 340 can be formed integrally with
the cover 332, such is not required. In other embodiments, the dimples 340
may comprise discrete components that are separately engaged to the cover
332 (or to the frame 322 as the case may be), for example, by welding,
among other suitable methods.

[0086] In the illustrated embodiment of FIGS. 6 through 12, the
cover 332 includes dimples 340 and the frame 332 includes openings 330.
Other embodiments can include the frame having one or more dimples, and
the cover having one or more openings. In further embodiments, different
combinations of dimples and openings can be defined by either or both the
frame and the cover depending on the particular application.

[0087] A wide range of materials can be used for the shield 320. In
one embodiment, the frame 322 and cover 332 are both formed of tin-plated
cold rolled steel. Alternatively, the frame 322 and cover 332 may be made of
nickel-silver alloy, stainless steel, carbon steel, or other suitable electrically
conductive and/or non-magnetic material suitable for use as an EMI shield.

[0088] In various embodiments, the cover portion 332 may be
relatively easily removed from and reattached to the frame 322. In one
particular embodiment, the shield 320 is configured such that its cover 332
may be releasably removed from the frame 322 when a force in the range of
about one pound to about five pounds is applied to the cover 332. This allows
the cover 332 to be relatively easily removed from the frame 322, for example,
to permit rework or replacement of electrical components that may lie under
the cover 332 on a printed circuit board, without requiring any severing or
breaking off of a separate portion of the cover. By virtue of the low force
required to remove the cover in such exemplary embodiments, the cover may
also be removable without the use of tools.

[0089] In various embodiments, the contact established between
the cover 332 and the frame 322 provides an effective amount of electrical
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conduction between the cover 332 and the frame 322 for conducting
electromagnetic energy absorbed by the shield to a ground plane on a printed
circuit board.

[0090] In various embodiments, the cover 332 when releasably
retained to the frame 322 can provide an EMI shield 320 with a height of not
more than about four millimeters, while providing accessibility to objects that
are enclosed beneath the removable cover 332 of the EM! shield 320. In one
particular embodiment, a shield having a height of about three millimeters is
provided. In another embodiment, a shield having a height of about six
mittimeters is provided. Accordingly, various embodiments of the present
invention can provide an EMI shield with a removable cover with reduced
gaps or spaces for inadvertent escape of electromagnetic interference
between the frame and the cover. The dimensions set forth in this paragraph
(as are all dimensions herein) are provided for illustrative purposes only, and
not for purposes of limitation.

[0091] In various embodiments, each inner sidewall 328 may further
comprise at least one folded upper surface 342 (FIG. 12) that is generally
perpendicular to the inner sidewall 328. The upper surface 342 is spaced
above the at least one opening 330 in the inner sidewall 328 such that the lid
portion 334 of the cover 332 contacts the upper surface 342 when each
dimple 340 is received within the corresponding opening 330. This, in turn,
may help retain the cover 332 to the frame 322 in a more secure manner.

[0092] With continued reference to FIGS. 6 through 12, the frame
322 includes perimeter walls 324 having mounting feet 344 for contacting one
or more components of a printed circuit board (not shown) to establish or
provide for electrical contact with the printed circuit board. The dimples 340
can help establish electrical conduction between the cover 332 and the
frame’s inner sidewalls 328. Where the inner sidewalls 328 include at least
one upper surface 342 perpendicular to the inner sidewall 328, electrical
contact can also be established between the inner surface or underside of the
cover's lid portion 334 and the at least one upper surface 342 of the frame’s
inner sidewall 328.

[0093] The top surface of the frame 322 also helps to establish
good electrical contact with the underside of the cover’s planar top 334 when
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the cover 332 is retained on the frame 322 via the engagement of the dimples
340 and openings 330. The contact area established between the cover's
plgnar top 334 and the frame 322 can help form an electrically conductive
pathway that provides an effective amount of electrical conduction between
the cover 332 and frame 322 for conducting electromagnetic energy absorbed
by the shield 320 through the mounting feet 344 to a ground plane on a
printed circuit board.

[0094] The frame 322 may be made of a material suitable for
soldering the feet 344 to traces on a printed circuit board. Exemplary
materials for the frame 322 include cold rolled steel, nickel-silver alloy, or the
like. Alternative materials for the frame 322 include carbon steel, stainless
steel, tin-plated cold rolled steel, etc.

[0095] While the feet 344 of the frame 322 can be soldered to a
printed circuit board (PCB), the frame 322 may also be affixed to a circuit
board by any suitable manner desired, such as adhesives, mechanical
fasteners, clips, etc. In one embodiment, the frame 322 may be attached to a
PCB via soldering the mounting feet 344 to grounded traces positioned on the
PCB substrate and/or around the electrical circuits generating (or requiring
protection from) electromagnetic interference as well as around the electrical
circuits that are susceptible to interference.

[0096] I[n various embodiments, the shield 320 may be fabricated
from a single blank of material. As shown in FIG. 13, the frame 322 and the
cover 332 can be sized such that the cover 332 may be disposed within or
nested in the area of material within the frame 322, thereby allowing the frame
322 and cover 332 to be fabricated from the same single blank or strip of
material.

[0097] Other embodiments of an EMI shield may include a plurality
of carrying corners to permit fabrication of the shield 320 through a
progressive die stamping process. In such embodiments, the carrying corners
may allow the frame 322 being stamped to be retained within the raw material
strip that is fed through the progressive die press, while forming the
downwardly extending edge portions 336 of the cover 332 and the peripheral
walls 324 of the frame 322. Some embodiments can allow for fabricating the
cover's edge portions with a minimum (or at least reduced) corner fillet radius
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using a progressive die, for example, to enable a cost effective cover design
that will provide a shield having a height of not more than about six millimeters
with a 0.25 millimeter corner fillet radius. In another embodiment, a shield
having a height of about three millimeters is provided. The dimensions set
forth in this paragraph (as are all dimensions herein) are provided for
illustrative purposes only, and not for purposes of limitation.

[0098] With continued reference to FIG. 13, the progressive die may
complete the fabrication of the frame 322 and cover 332 by stamping out the
adjoining portion of material 348 connecting the frame 322 and cover 332,
thus separating the frame 322 from the cover 332 with a minimum (or at least
reduced) width between the frame 322 and cover 332. For example, the width
of the stamped opening between the frame 322 and cover 332 may be a
fractional amount of the wavelength of the electromagnetic radiation emitted
by the electrical component to be enclosed by the shield 320, and for a
wireless communication device may be on the order of about one to several
millimeters.

[0099] In various embodiments, the frame’s inner sidewalls 328 can
be configured to close off or seal the interface or open area generally between
the cover's edge portions 336 and the frame’s outer sidewalls 327. In such
embodiments, portions of the frame’s inner sidewalls 328 can be located
immediately behind the gap or interface between the cover's edge portions
336 and the frame’s outer sidewalls 327. This feature can substantially
eliminate (or at least reduce) gaps between the cover’'s edge portions 336 and
the frame’s outer sidewalls 327. This, in turn, can inhibit electromagnetic
energy from passing through or leaking out of the gaps or interfaces, thus
providing better shielding. Accordingly, aspects of the invention provide an
EMI shield 320 assembly with a replaceable cover 332 that may be made with
substantially no gaps between the cover’'s edge portions 336 and the frame’s
outer sidewalls 327 to provide better EMI shielding of an enclosed
component, wherein the two pieces may be nested as one piece to permit
progressive stamping of both the cover 332 and frame 322 from the same
single strip of material with minimal (or at least reduced) material fall-off, The
progressive stamping produces a cover 332 that is adapted to be releasably
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attached to the frame 322, such that the cover portion 332 may be readily,
removed and replaced.

[0100] In another aspect, the present invention provides methods of
making or fabricating EMI shields, such as shield 320. In one particular
embodiment, the method generally includes stamping in a piece material a
partial profile flat pattern for a frame 322 and a cover 332. As shown in FIG.
13, the partial profile for the frame 322 includes peripheral walls 324 each
having at least one opening 330 therein. The partial profile for the cover
portion 332 has a plurality of edge portions 336. Dimples 340 and vent holes
337 can also be formed in the cover portion 332. The partial profile for the
cover 332 is disposed within the area defined by frame's perimeter walls 324,
such that the cover 332 may be stamped within the area of material that is
generally surrounded by and defined between the frame's walls 324.

[0101] After stamping the partial flat pattern profile for the frame 322
and cover 332 in the piece of material, folded portions 326 are formed in each
of the frame’s perimeter walls 324. This operation provides each wall 324 with
outer and inner sidewalls 327 and 328, with the inner sidewalls 328 including
at least one opening 330. Each inner sidewall 328 is generally parallel with
the corresponding outer sidewall 327, and overlaps at least part of the
corresponding edge portion 336 of the cover 332. Forming the folded portions
326 also locates the openings 330 in the inner sidewalls 328 such that the
openings 330 are disposed around the corresponding dimples 340 in the
cover's edge portions 336.

[0102] The method may also include bending each frame wall 324
and each cover edge portion 336 generally perpendicular to the cover 332.
This bending operating can be performed such that the openings 330 in the
frame’s inner sidewalls 328 remain adjacent to and disposed generally around
the dimples 340 in each edge portion 336 of the cover 332.

[0103] The method can also include stamping the remaining profile
of the frame 322 and the cover 332 to form two separable frame and cover
pieces. The stamping removes material 348 connecting and disposed
between the frame 322 and the cover 332. This stamping operation can be
performed such that each dimple 340 is retained within the corresponding
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opening 330. The stamping can also remove any carrying corners that may
have been used to support the frame 322.

[0104] Accordingly, various embodiments can provide an EMI shield
having a cover that can be assembled onto and removed from a frame without
requiring a tool to pry the cover away from the frame. In such embodiments,
the dimples can permit the cover to be easily slid off the frame by hand
without any tools. With this unique feature, various embodiments of the
present invention include EMI shields with removable covers that are
releasably retained in a manner such that removal and rework of electrical
components within the frame is more simply accomplished. The removal of
the cover can also be accomplished without causing damage or deformation
of the cover. Such deformation has come to be expected with existing designs
by reason of excessive deflection of the cover's sides during removal and/or
by reason of line workers using improper techniques of lid removal to save
time (e.g., using the worker's thumbnail to pry off the lid). Accordingly, various
embodiments of the present invention allow the same cover to be removed
from a frame and then be reattached to the frame without requiring a
replacement cover or replacement of the entire shield.

[0105] The particular methods of manufacture and geometries
disclosed herein are exemplary in nature and are not to be considered
limiting. The steps, processes, and operations described herein are not to be
construed as necessarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as an order or
performance. It is also to be understood that additional or alternative steps
may be employed. In addition, any one or more aspects of the invention may
be implemented individually or in any combination with any one or more of the
other aspects of the invention. @

[0106] Certain terminology is used herein for purposes of reference
only, and thus is not intended to be limiting. For example, terms such as
“‘upper”, “lower”, "above”, and “below” refer to directions in the drawings to
which reference is made. Terms such as “front”, “back”, “rear”, “bottom” and
“side”, describe the orientation of portions of the component within a
consistent but arbitrary frame of reference which is made clear by reference to
the text and the associated drawings describing the component under
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discussion. Such terminology may include the words specifically mentioned
above, derivatives thereof, and words of similar import. Similarly, the terms
“first”, “second” and other such numerical terms referring to structures do not
imply a sequence or order unless clearly indicated by the context.

[0107] When introducing elements or features of the present
invention and the exemplary embodiments, the articles “a”, “an”, “the” and
“said” are intended to mean that there are one or more of such elements or
features. The terms “comprising”, “including” and “having” are intended to be
inclusive and mean that there may be additional elements or features other
than those specifically noted.

[0108] It is further to be understood that the method steps,
processes, and operations described herein are not to be construed as
necessarily requiring their performance in the particular order discussed or
illustrated, unless specifically identified as an order or performance. It is also
to be understood that additional or alternative steps may be employed.

[0109] The description of the invention is merely exemplary in
nature and, thus, variations that do not depart from the gist of the invention
are intended to be within the scope of the invention. Such variations are not to

be regarded as a departure from the spirit and scope of the invention.
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CLAIMS
What is claimed is:

1. An electromagnetic interference (EMI) shield comprising:

a frame having a plurality of peripheral walls, each said
peripheral wall including at least one folded portion forming an outer
sidewall and an inner sidewall;

a cover including a lid portion and a plurality of edge portions
extending downwardly from the lid portion;

at least one of said frame’s inner sidewalls including at least one
of an opening and a dimple;

at least one of said cover’s edge portions including at least one
of the other of said dimple and said opening;

the dimple configured to be engagingly received in the opening
for releasably retaining the cover to the frame.

2. The shield of claim 1, wherein the frame's inner sidewalls
include a plurality of openings, and wherein the cover's edge portions include
a plurality of dimples configured to slide over the frame's inner sidewalls and

engage the openings in the frame’s inner sidewalls.

3. The shield of claim 1, wherein each said inner sidewall of the
frame includes at least one folded upper surface generally perpendicular to
said inner and outer sidewalls for contacting an underside of the cover'’s lid
portion when the cover is releasably retained to the frame.

4, The shield of claim 1, wherein the frame and the cover are
substantially simultaneously formed from a single blank of material.

5. The shield of claim 1, wherein the frame’s outer sidewall, folded
portion, and inner sidewall collectively have a generally U-shaped profile.

6. The shield of claim 1, wherein the frame's inner sidewalls
substantially seal interfaces between the cover's edge portions and the
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frame’s outer sidewalls to inhibit electromagnetic energy from passing through
the interfaces.

7. The shield of claim 1, wherein the frame’s peripheral walls
include mounting feet for electrically contacting one or more traces of a
printed circuit board.

8. The shield of claim 1, wherein the engagement of the dimple
within the opening electrically connects the cover and the frame.
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9. An electromagnetic interference (EMI) shield comprising:

a frame including a plurality of peripheral walls, each said
peripheral wall including at least one folded portion bent inwardly for
forming generally vertical inner and outer sidewalls such that the outer
sidewall, folded portion, and inner sidewall collectively have a generally
U-shaped profile, each said inner sidewall having at least one opening
therein;

a removable cover including a lid portion and a plurality of edge
portions extending downwardly from the lid portion, each said edge
portion including at least one dimple configured to be engagingly
received within a corresponding one of the openings in the frame’s
inner sidewalls, the dimples configured to slide over the frame’s inner
sidewalls and engage the openings to thereby enable the cover to be
removed from and replaced onto the frame.

10. The shield of claim 9, wherein the frame’s inner sidewalls
substantially sealing interfaces between the cover's edge portions and the
frame’s outer sidewalls to inhibit electromagnetic energy from passing through
the interfaces between the cover’'s edge portion and the frame’s peripheral

walls.

11.  The shield of claim 9, wherein each said inner sidewall of the
frame includes at least one folded upper surface generally perpendicular to
said inner and outer sidewalls for contacting an underside of the cover’s lid
portion when the cover is releasably retained to the frame, whereby the
contacting provides an effective amount of electrical conduction between the
cover and the frame for conducting electromagnetic energy absorbed by the
shield to a ground plane on a printed circuit board.

12.  The shield of claim 9, wherein the engagement of the dimples

within the openings helps establish electrical conduction between the cover
and the frame.
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13.  The shield of claim 9, wherein the frame and cover are
substantially simultaneously formed from a single blank of material.

14.  The shield of claim 9, wherein the frame's peripheral walls
include mounting feet for electrically contacting one or more traces of a
printed circuit board.

15.  The shield of claim 9, wherein the cover may be removed from
the frame by applying a force in the range of about one pound to about five
pounds to the cover without requiring the use of a tool.
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16. A method of making an electromagnetic interference shield
including a frame and a cover, the method comprising:

stamping in a single piece of material a flat pattern partial profile
for the frame and the cover, the profile for the frame including a
plurality of peripheral walls having at least one of a dimple and an
opening, and the profile for the cover including a plurality of edge
portions having at least one of the other of said dimple and said
opening, the profile for the cover being disposed within the area
generally defined between the frame’s peripheral walls;

forming at least one folded portion in at least one peripheral wall
of the frame to thereby provide the at least one peripheral wall with an
outer sidewall and an inner sidewall such that the inner sidewall
includes the at least one of said dimple and said opening folded over
and engaged with the at least one of the other of said dimple and said
opening of the cover;

bending the frame’s peripheral walls and the cover's edge
portions generally perpendicular to the cover; and

stamping to remove the remaining material connecting the frame
to the cover to thereby form two separabie frame and cover pieces,
whereby the cover is releasably retained to the frame by the

engagement of the dimple with the opening.

17. The method of claim 16, wherein forming at least one folded
portion in at least one peripheral wall of the frame further comprises forming
at least one other folded portion in the at least one peripheral wall to thereby
provide the at least one peripheral wall with an upper surface generally
perpendicular to said inner and outer sidewalls for contacting an underside of
the cover’s lid portion when the cover is releasably retained to the frame.

18. The method of claim 17, wherein forming at least one folded
portion in the at least one peripheral wall of the frame includes bending the at
least one peripheral wall about one hundred eighty degrees to thereby provide
the at least one peripheral wall with the outer and inner sidewalls, and

bending an upper portion of the inner sidewall about ninety degrees to provide
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the at least one peripheral wall with the generally perpendicular upper
surface.

32



WO 2007/044152 PCT/US2006/034326

19. A method of making an electromagnetic interference shield
including a frame and a cover, the method comprising:

stamping in a single piece of material a flat pattern partial profile
for the frame and the cover, the profile for the frame inciuding a
plurality of peripheral walls each having at least one opening therein,
the profile for the cover having a plurality of edge portions each having
at least one dimple formed therein, the profile for the cover being
disposed within the area defined generally within the frame peripheral
walls;

forming bends in the frame’s peripheral walls to thereby form at
least one tab surface generally perpendicular to the peripheral walls;

forming folded portions in the frame’s peripheral walls to thereby
provide the peripheral walls with an outer sidewall and an inner
sidewall such that the inner sidewalls include the openings folded over
and engaged with the dimples of the cover’s edge portions;

bending the frame’s peripheral walls and the cover's edge
portions generally perpendicular to the cover; and

stamping to remove the remaining material connecting the frame
to the cover to thereby form two separable frame and cover pieces,
whereby the cover is releasably retained to the frame by the

engagement of the dimples with the openings.
20. The method of claim 19, wherein forming folded portions
includes bending the peripheral walls about one hundred eighty degrees to

provide each said peripheral wall with an outer sidewall and an inner sidewall.

21.  The method of claim 20, wherein forming folded portions occurs
before forming bends.
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22. A method of making an electromagnetic interference shield
having a frame and a cover from a generally flat blank including a flat pattern
partial profile for the frame and the cover, the method comprising:

forming outer portions of the blank generally inwardly about one
hundred eighty degrees to thereby form the frame’s outer and inner
sidewalls;

forming upper portions of the frame’s inner sidewalls outwardly
about ninety degrees to thereby form surfaces generally perpendicular
to the frame’s inner sidewalls;

forming the frame’s inner and outer sidewalls and portions of the
blank defining the cover’s edge portions inwardly about ninety degrees;
and

severing the remaining material of the blank connecting the
frame to the cover to thereby form two separable frame and cover

pieces.

23.  The method of claim 22, further comprising forming in the blank
at least one opening and at least one dimple such that at least one of said
dimple and said opening is folded over and engaged with the other of said
dimple and said opening when the outer portions of the blank are formed

inwardly about one hundred eighty degrees.
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