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1 EM SHI ELDI NG HAVI NG FLEXI BLE CONDUCTI VE SHEET AND |/ O GASKET #4tkgr ound
of the Invention 1. Field of the Invention The invention relates to
i nprovenents in shielding for blocking propagat|on of el ectromagnetic
interference (VEM") associated with circuits, nuuh S, CHIY sHERASSenblsGes,

of a type using a flexible electrically conduct 5‘? t,ggl al t“;ﬁ%d ..........
glr

| ogsely encl oses -a source of EM or a circuit ‘?‘B’Ine to ]EM.,, 1&Pshed .8
t her eby prevents high frequency energy from pa Shl Idl ng b P gy_ ________
According to certain inventive aspects, the fl |‘B'I"§" et b }erl ql .
conbined with or fornmed to define a gasket thaflh4ab8BRductiiFe "é‘eaPa%Pé"'f'b
an opposed conductive el enent such as a Rousin Mhb@Ekﬁﬁﬁﬁ?Tnanp{ sThisseig-
useful to continue a conductively seal ed enclosure at the perineters of

openi ngs, faﬁrq_ e>r<]arrpl e, annng:hﬁtS}HELNNGimAgmGamE)aand i nput/oult put )
connectors ich traverse a_shi ar cet material can have
an electrically conducti ve @ﬂﬁg&gﬁg W&&Eﬁﬁiﬁf% opposite faces of
the sheet material, the ot her f BaexARind BfihSHvaitRA such that contact with

the shielded circuit does not produce an electrical short. Preferably,
however, sklBieldiof she Inventionct i ve and |nsul ated areas are provided on both

si des of Ui ¢ hﬁﬁtm d%%@gﬂh%ﬂgmg il u%ﬁir%‘f&c P?(épagm% ec @9@&1& ve

connecti on ‘can expose trve su on at eas
si de of t hiotegfareace (HEIME") asSpcmbd withntizepits, hiousingmandosubassemblies, vhe typecusingoai c
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mat eri al cmﬁcepﬁms rtb SEMD,nand> thersby preveani kigh ffequierey eniyyt fiom Ugissing @oshibildihg ve

area, for exapple at which the sheet material conprises a conductive flap
overlyi ngbo?" *in the sheet material. In the event of such openings, an

i nsul at i NngAdcoRIiRE b BErtaM KvieNDE HPeEdis) URe! FBgible he tRBAERM] -cad R Wtwm or

material can be spaced back fromthe edges of the opem ng, covered over

by an formed fo-Aefing asapken that jfroaducyely sealabém}Oa@e@ﬂpo e@a@ge element such
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sheet is SU|tab I ng o various types o ectrlc
circuits ithelpsdineters tw[ﬁtomomg$,| fnrt@rdmpb, oongeother possibilitisas asouod ipput{amityiug

conmput ers, W%’B nﬁ%%?taosﬂleﬂﬂ dm_?l sc drives, power supplies and

internal c¢ireul sse I'mfar conpact electronic devices
The sheet material can have an electncally conductive surface exposed on one of two opposite
faces of the sheet material, the other face being insulated such that contact with the shielded
circuit does not produce an electrical short. Preferably, however, selectively conductive and
insulated areas are provided on both sides of the sheet, for achieving certain objects. For

example, a positive connection can be made by an exposed conductive surface on at least one
side of the sheet material, for contact with one or more of the electronic equipment, a shiclded
circuit therein and a connector traversing a shielding boundary, typically for connecting toa
circuit ground.

The sheet material _,,a comprise one or more openings for access through a conductive
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The sheet is sultable fer fhe’s/tueldmg of various types of electrical circuits including,

but not limited to printed circuit cards of portable computers, notebook or palmtop devices, disc

drives, power supplies and internal circuit subassemblies, and similar compact electronic devices




. 2 for which signal or power conductors pass through the shiel ding boundary.
The invention permts a nearly continuous and effectively gapl ess encl osure
to be nade and conveniently used for shielding relatively high frequencies
associated with nodem el ectronic equi pnent. 2. Prior Art It is known to
encl ose electric circuits in a conductive enclosure coupled to a circuit
ground, to attenuate el ectromagnetic radiation emtted fromor received by
the circuits. A conductive shielding enclosure may have gaps, which may or
may not adversely affect the shielding efficiency or the extent of
attenuati on, depending on the frequencies to be shielded. To attenuate
relatively high frequency radiation effegtively, any gaps nust be
correspondingly small. In connection with conmputing and radio
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conductive plastic materials or coatings. A nornally-nonconductive plastic
can be nade atsmntrelapvely highfrequencygradiation effectizely, any gepy must hescornggpoagdinglyi ng
a nmetal li ggepating layer, or by lam nating the housing froma series of
conducti ve and nonconductive sheets. Such techniques are disclosed, for
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different frequencies produce harmonics at the sum and difference of the frequencies. Data and

clock signals comprising square waves are also characterized by harmonics. A computer or the
like thus may produce objectionable harmonics up to 900MHz and higher, requiring a very
intensive shield, i.e., a nearly gapless enclosure which is quite conductive and is placed close
to the circuits that emit or are sensitive to the electromagnetic radiation.

The most common forms of shielding comprise one or both of sheet metal structures
forming boxes, and conductive plastic materials or coatings. A normally-nonconductive plastic
can be made conductive by including metal fibers or particles, by applying a metallic coating
layer, or by laminating the housing from a series of conductive and nonconductive sheets. Such
techniques are disclosed, for example, in US Patents 5,137,782 - Adriaensen, et al. (embedded
wires); 5,164,542 - Hart (laminated wire screen); 5,170,009 - Kadokura (electrodeposited
coating); and 5,226,210 - Koskenmaki, et al. (conductive paint coating). Such techniques
provide a form of shielding, but add to manufacturing complexity, particularly if the internal
surface facing the shielded circuitry must be made nonconductive to avoid shorting, free of
gaps, for example caused by scratching a coating, and provided with sufficient conductive
and/or magnetically permeable material to substantially attenuate incident fields.



gaps, for exanple caused by scratching a coating, and provided with
sufficient conductive and/or magnetically perneable nmaterial to
substantially attenuate incident fields. 3 Al though the npbst common
shield material is sheet netal, shields can be nmade using netallized

pl astics. A product known as QuietShield, available fromAMP, Inc., enploys
| am nates of netalized plastic fabric and selectively applied insulating

| ayers and adhesi ves, enabling the nmaterial to be folded into box-Iike
shapes. In general, such products benefit fromthe | ow weight of the
plastic materials and the capability of folding them Another possibility
Is to apply an insulating plastic coating directly on a circuit, conponent,
or netal shield barrier. In US Patent 4,670,347 - Lasik et al. insulating
materials are |am ] Anibat ' s/, el f8dd ;
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an input/output, conpector, etec. It is known tq. provi tatic
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di scharge material does not interfere with other aspects of circuit =
oper at i on shielding, namely on the order of 10" to 10> @/03 or less, and a nonconductive surface facing

toward the shielded circuit. The envelope forms a loose flexible shielding bag and is arranged
around the shielded circuit. An opening such as a shielded neck leading to an opening can be
provided for input/output conductors which traverse the boundary of the envelope. The
envelope is grounded, for example, to a ground on the electronic equipment contained within
the envelope, or to a ground point on an input/output connector, etc.

It is known to provide electrostatic discharge protection as a permanent feature of a
circuit card mounting, for example as in US Patent 5,005,106 - Kiku, where such a structure
protects the circuitry of an integrated circuit bank card or smartcard from electrostatic
discharge, and resides in a plastic housing with the circuitry. This unit is self contained, and
thus the electrostatic discharge material does not interfere with other aspects of circuit operation
and mounting. The discharge-protective structure does not form a complete envelope around
the affected circuit. Kiku uses a minimally conductive film rather than highly conductive
embedded material as needed for shielding against electromagnetic interference. No means are
provided such as an extension neck, access opening or the like for dealing with passage of
conductors or access to the circuit elements.



and nmounting. The di scharge-protective structure does not forma conplete
envel ope around the affected circuit. Kiku uses a mnimally conductive film
rat her than highly conductive enbedded material as needed for shielding
agai nst el ectromagnetic interference. No neans are provided such as an
ext ensi on neck, access opening or the like for dealing wth passage of
conductors or access to the circuit el enents. 4 It is known to provide
an opening in an RF shield through which conductors can pass. U. S. Patent
3,383,455 - Kerley discloses an RF shield in the formof an el ongated

sl eeve constructed of a netal nmesh which encapsul ates an el ectri cal
conponent to be shielded. A small opening Is provided in the sleeve which
is fitted with an insulating grommet, the opening providing an egress for
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conduci ve atrangemgnt ti§ \at ostructipedc ite i previde Jpgh raggenuation  isohigh ofrequeacys shislding
aspects ﬁ%lfcgﬁ‘&ﬁmeri ze circuits that emt offending high frequency

el ectroma ¢ radiation. To attenuate an incident EM field in such
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nore conpl et e copduct.ive encl Qsure an may .be. needed, for_ .exanple, to

orotect gL S Re hTe i el AR £ et TRk ey Tee t3HRickve e
has an opening with re-closable upper and lower tabs which provide a means for passing one
or more cables through the sheet. Mollet is consistent with Kerley in that the conductive sheet

is not in any way coupled to the ground or shield layer of the cable.

Circuits may be sensitive due to high gain, operation at high frequencies, the use of
components and structures conducive to inductive or capacitive coupling, etc. Some of the same
aspects may characterize circuits that emit offending high frequency electromagnetic radiation.
To attenuate an incident EMI field in such situations requires substantially more conductive
material arranged in a more complete conductive enclosure than may be needed, for example,
to protect against damage from electrostatic discharge (ESD).

In view of the operational frequencies and character of many modern circuits, a
reasonably adequate shield for EMI purposes would attenuate radiation at least by 50 to 60dB
over a frequency range of 30MHz to 1.0GHz or more. To achieve this the shield needs to be
substantially continuous and must enclose the shielded circuits closely and completely, i.e.,
forming a closed highly conductive envelope. Whereas electrostatic discharge packaging may
be sufficiently conductive to dissipate a static charge at a surface resistivity of 10*! to 10*1?
Q/07, electromagnetic shielding for attenuating incident EMI fields has a surface resistivity of
101 to 107 /0. '



In view of the operational frequencies and character of many nodern
circuits, a reasonably adequate shield for EM purposes woul d attenuate
radi ation at |east by 50 to 60dB over a frequency range of 30MHz to |.0GH
or nore. To achieve this the shield needs to be substantially continuous
and nust enclose the shielded circuits closely and conpletely, i.e.,
formng a closed highly conductive envel ope. Wereas electrostatic

di scharge packagi ng may be sufficiently conductive to dissipate a static
charge at a surface resistivity of 10[err] to 10[err] [err],

el ectromagnetic shielding for attenuating incident EM fields has a surface
resistivity of [err] to 10 [err] I t ul d be advant ageous to provide a
flexi ble sheet which is fornmed at least partly into a flexible bag-Iike
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panel s and/or boxes. It woul'd al so be advantageous to provide a gasket
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an insulated edge which prevents shorting of electrical components on the circuit and/or other

sensitive surrounding areas.



I nside surface, and neans optinmally form ng the sheet substantially into a
barrier for attenuating incident EM fields. It is an object of the

i nvention to provide high frequency el ectromagnetic shielding in the form
of a flexible conductive sheet, insulated along at |east part of an inside
surface, and neans for formng the sheet into an electrically continuous
fl exi bl e envel ope that can shield a circuit without providing a fixed,
rigid or surface conforming shield structure. It is another object to
facilitate shielding of devices requiring access and/or passage of
conductors through a shielding barrier, together with mniml gaps in the
shield barrier. It is another object to grovide shi el ding for grounded or
shi el ded connectors which pass through a“sheet of shielding material by
facilitating el ectrical connectigﬂmaggﬂgiﬂ%i et nect or ground and the
sheet. It is another object to provi g requency el ectromagnetic
shielding in tfidsan pbn‘r:@fof thefifresntion to provideeledtxomaghesistshicliingepmpsising aifleaible
conducti ve 0 : Is
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at which the cogﬂg&} area i s spaced back from edges of the opening. The
edges ar e NGIdeREt provide a lip that prevents shorting of the shield
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and It is another object to provide high frequency electromagpetic shielding in the form of
a flexible conductive sheet having selectively conductive and insulated areas on both sides.

<

It is another object to provide high frequency electromagnetic shielding in the form of
a flexible conductive sheet having at least one conductive area formed with an opening at which
the conductive area is spaced back from edges of the opening. The edges are insulated to
provide a lip that prevents shorting of the shield to electrical components on the circuit. .

It is also an object to provide a shield structure that is inexpensive and effective for
shielding, and also is lightweight and compact as appropriate for portable electronic apparatus
such as computers and communication devices.

These and other objects are accomplished in an electronic device such as a portable
computer, shielded against electromagnetic interference according to the invention, using a
flexible sheet that at least partially surrounds a circuit card within the housing of the device.
The flexible sheet forms at least a partial shielding enclosure and has an electrically insulating
flexible sheet and at least one area of conductive material such as sheet metal or conductive
fibers embedded in the flexible sheet so as to define insulated and conductive areas on one or
both sides of the sheet. The insulating sheet can comprise a thermoplastic polymer, for example



sufficiently flexible to forma loose fitting bag-1like enclosure. The
conductive material can conprise elenental netal or alloy, netalized

pol ymer, screen, wire nmesh, knitted or braided conductive filanent (e.g., a
single or nultifilanment wire or conductively coated fiber), woven wre,
metal fibers, netal alloy fibers, netallized nylon fibers, conductive
fahrics or the like. The conductive bodies or particles are sufficiently
dense to obtain a resistivity of [err] to [err] . The sheet forns at | east
a partial hellow envel ope, preferably flexible, with the conductive fibers
coupled electrically across a seam for exanple by heat sealing
sufficiently to join the conductive fibegs and die cutting, if necessary,
outside of the seal. According to an inventive aspect, a conductive EM
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engage. The resilient means can be provided by the electrically insulating flexible sheet,

forming an integral EMI gasket coupled to the flexible sheet. The resilient means or gasket can
be provided in part by inserting a resilient material such as a polyurethane foam core or the
like, against which the sheet is compressed against conductive housing surfaces when mounted.

In one embodiment the gasket is formed from a widened strip of the flexible sheet. The
widened strip is folded to encapsulate a polyurethane foam core. The flexible sheet is then heat
sealed or laminated to itself to complete the foam encapsulation, and formation of a gasket
integral with the flexible envelope. The combined flexible envelope, embedded fibers and foam
core can be die cut as needed to the desired shape.

The gasket provides a physical contact between 1/0 connectors requiring electrical
ground and the embedded fibers of the conductive sheet material. In application the gasket is
pressed firmly against the connector or other conductive surface, thereby compressing the foam
core. The resulting reactive force presses the flexible sheet and embedded fibers against the
metal I/O connector shield or the like, to achieve good and continuous electrical contact.



8 Brief Description of the Drawi ngs There are shown in the drawi ngs certain
exenpl ary enbodi nents of the invention as presently preferred. It should be
understood that the invention is not limted to the enbodi nents discl osed
as- exanpl es, and is capable of variation within the scope of the appended
claims. In the drawings, FIGURE 1 is a perspective view of a circuit card
enclosed within a thin, flexible electromagnetic shielding envel ope
according to the invention. FIGURE 2 is a cross sectional view of the
arrangenment of FIGURE 1 along line 2-2. FIGURE 3 is a side sectional view
of the arrangenent of FIGURE 1 along line 3-3. FIGURE 4 shows the process
of maki ng a gasket in accordance with thg invention. FIGJRE 5 shows a front
view of a flexible sheet in conbination with a gasket in accordance with
the invention which is ready Bﬁéfﬂés@nﬁﬂ,ﬁﬂ:éme ljﬁ%E 6 shows an alternate
enbodi nent wherein the flexible sheet ormed 1 nto an envel ope having a
first and secoirhemaa@shwmeﬁr@mgﬁscqrﬁ@ exppplasy smbpdimentsif the ifyeptEgmas; he
first and se GURE
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an alter ndiselo&dmcﬁxmples veind rise¢apablé of variation wathinithe scope of the appended glainsd Ilhe
edge of t (ﬁrgnduct ive layer is insulated around a conductive flap. FIGURE
10 is a s d¥°vi ew of "the flexible sheet of FIGURE 9, the edge of the
conducti ve | ayFIGURE! hds fl pepspbetivegviewt afi 2 eitcnin cardeenolossd withinnal ¢hing flexibleap.
FI GURES 11a and 11h show al ternate enpodi nenis wherein the flexible sheet
has sel ecfeﬁgP’Pa%Hﬂﬁ@Fﬁ\PgeﬁWR?oaﬁu“ dPRAIEANYORces on opposite surfaces
and on edges ORIGUREMsQ drads-sectionfl V6w ¥ iRtarkngéihdnd bf PIGURE! Aok Bhep2ed

Enbodi nent s The | nvent ion _provides a flexible shieldipng neans that faorns an

att enuating baFIPERER #aside sseiinnabysiewf the argangemens of SAGURE | algpgding d-3ai t her
into or out of F?@Uﬁﬁq SRWs Bhe Process of making a gasket in accordance with the invention.

FIGURE 5 shows a front view of a flexible sheet in combination with a gasket in
accordance with the invention which is ready for die cutting.
FIGURE 6 shows an alternate embodiment wherein the flexible sheet is formed into an

envelope having a first and second flap.

FIGURE 7 shows the envelope of FIGURE 6 wherein the first and second flaps are
folded to form a first and second gasket.

FIGURE 8 is a side view of the first and second gasket of FIGURE 7.

FIGURE 9 shows an alternate embodiment wherein the flexible sheet has an opening and
the edge of the conductive layer is insulated around a conductive flap.

FIGURE 10 is a sectional view of the flexible sheet of FIGURE 9, the edge of the
conductive layer of the flap being retained in the opening under the flap.

FIGURES 11a and 11b show alternate embodiments wherein the flexible sheet has
selectively conductive and nonconductive surfaces on opposite surfaces and on edges of the

material,



shi el di ng nmeans conprises a conposite of conductive and nonconductive
material, arranged such that the conductive material is protected from
unwanted contact with circuit parts or housing parts, and is adapted to
facilitate such contact where it is desirable. The shielding material can
conpri se conductive particles, fibers or filanments, for shielding against
EM, such as elenental netal or netal alloys, netallized polyner fibers,
suspensi ons of conductive particles in a binder, etc. This material can be
made generally in a flexible enclosure or part enclosure, that is as
effective for EM shielding as a sheet netal box arrangenent, but due to
its flexibility and | oose bag or cover ﬁfnfiguration, the shield of the
invention is relieved of many of the manufacturing conplexities and

expenses associ ated V“”be%iﬁ@@ﬁisé?%ﬁ@ﬁo@fherﬁéﬁhed BaibdlinlegaRd Pl astic or the
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oriented inwardly toward the 10, . ) . )
apparatus is formed from an electrically insulating flexible sheet having a sheet of conductive

=

fibers embedded therein. The conductive fibers are sufficiently dense and arranged in contact
with ope another, to obtain a resistivity, for example, of 107 to 102 9/00. This produces
attenuation of electrbmagnetic interference or "EMI" of 50 to 60dB over a frequency range
30MHz to 1.0GHz. The conductive fibers forming a conductive area 14 are spaced from at
least one side of the flexible sheet forming an insulating area 16 that is directed toward the
shielded circuit (see FIGURE 2). The conductive fibers are coupled to circuit ground 18 via
a suitable connecting element (not shown in FIGURE 1) such as a screw passed through the
shielding envelope, or a conductive portion of the flexible sheet being pressed firmly against the
exterior of a grounded surface, I/O connector or the like.

In the embodiment shown in FIGURE 1, two thicknesses of the sheet and its embedded
fibers are attached at their edges to form a barrier 10 that as shown can be a two or more sided
bag flexibly sized to receive at least one electrical circuit or device, such as a printed circuit
card, disc drive, power supply or other subassembly, or perhaps an entire set of subassemblies
forming the operative portions (within a housing) of a complete device such as a computer or
the like. Whereas the insulating layer 16 (see FIGURE 2) is oriented inwardly toward the



el ectrical circuit, the shielding enclosure may reside very close to the
circuit elenents, preferably rests against certain of the circuit el enents,
and can nove over the circuit elenents because the conductive fibers are

i nsul ated fromelectrical contact. by the nonconductive flexible sheet 16,
and remain spaced slightly fromthe electrical elenents. Thus the structure
resenbl es a | oose shielding bag. C ose positioning of the conductive
portion 14 of the shield to the circuits in fact inproves shiel ding

ef fectiveness as conpared to a conductive barrier that is spaced further
fromthe shielded elenent. Referring again to FIGURE 1, at one end of the
envel ope a conductive 1/0O connector 22 '& provi ded that allows an external
el enent operatively to connect to the enclosed circuit card. El sewhere on
the envel ABGricl il Y QeRing"EickoskiROma% 'YW vRHS @losé o Rfie Rirelit (edndn®,
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heat wel diRan{z8§ nPnAets, @Bftuctive fabrics or the like. The conductive material is embedded
in the flexible sheet in an amount sufficient to form an electrically conducting layer while also

maintaining flexibility of the flexible sheet. According to one embodiment, the conductive
material is conductive fibers formed from silver metallized nylon fibers, for example with 24
to 30% by weight of silver applied by an electro-less plating process. Copper or a copper-
nickel alloy can also be used (e.g., at 40 to 60% by weight).

The conductive fibers preferably form a nonwoven batt with a sufficient proportion of
the adjacent fibers in electrically conductive contact to obtain a resistivity of 10" to 102 Q/[3.
Because only small-dimension gaps remain, between conductive fibers in the shielding material,
the shielding barrier is effective for attenuating relatively high frequencies.

The flexible insulating sheet can be a thermoplastic polymeric material, such as
polyethylene, polyethylene terephthalate, polyvinyl chloride, or the like, polyethylene being
most preferred. According to an aspect of the invention, the thermoplastic nature of the
insulating layer enables adjoining portions to be attached by heat welding facing portions.



Accordingly, as shown in FIGJRE 2, the conductive material, such as
conductive fibers, can be arranged to continue the shielding barrier across
one or nore seans 24 where the adjacent edges of the flexible sheet and
enbedded conductive fibers conme together. It is also possible that the

adj acent portions can be attached by sew ng, taping, adhering via a
preferably- conductive adhesive, or by a nechanical fastening such as a
sl ot and bead (Zi p-1ock) neans. According to one arrangenent, continuing
the electrically conductive nature of the material across a seam?24 is
acconpl i shed by heat welding the edges of the material at the seam so that
the conductive fibers cone into electricgl contact. This can be
acconplished readily due to the thernopl'astic nature of the insulating
sheet and the pcBé@mERY 26HOMMGH FIGURERS the coiubSa mAeKed SucR Bs SoBudie ¥ideM, t O
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nylon fibeeams a preferred fiber material, such as silver Cerex (a

trademark of Janes. R ver: Nqrwal k, l.nc. | k. .CI) . Anot her possi.bl
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It would also be possible to provide other specific means to heat and compress the sheets with

similar results to that obtained with a heated knife, such as ultrasonic welding together with

compression, and this technique can also be used to provide shielding material that subdivides

a shielded enclosure into two or more subenclosures.

The insulating sheet is preferably a thin, flexible, polyethylene sheet but having sufficient
thickness to resist incidental damage, for example of 40 to 60 Ibs./ream (0.2 to 0.3 g/cny),
preferably 48 1bs./ream (0.25 g/cm?). The embedded conductive material can be, for example,
a metal plated nylon fiber. An HCI bonded silver plated nonwoven nylon fiber is a preferred
fiber material, such as silver Cerex (a trademark of James River-Norwalk, Inc., Norwalk, CT).
Another possible material is point-bonded silver plated non-woven nylon fiber, such as PBN-II
(a trademark of Fiberweb North America, Inc., Greenville, SC). These materials allow a
conductive seam to be formed simply by heating and compressing to electrically join the
conductive fibers through two or more layers. The structure is formed generally into a hollow



12 flexi ble envel ope that | oosely, but preferably also closely, surrounds
the shielded circuit card or other conmponent, and is coupled to a ground
point on the circuit, housing or the like. The netallized fiber can be
enbedded in the insulating sheet, for exanple by extrusion coating the
nonwoven netallized fiber batt with the pol yethylene or other insulating
material. FIGURE 3 shows the physical connection between a fl exible sheet
30 and the conductive |I/0O connector 22 which provides an electrical ground
point. A first and second gasket are forned in the edges of the flexible
sheet and enbedded fibers. In application the gaskets are pressed firmy
agai nst the exterior of the conductive L4O connector, for exanple from
external pressure as shown generally by Tlanges 33, thereby conpressing the
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to provi dg foldes ovér th&réby encapsulating the foam core. The flexible sheet and embedded fibers are
then heat sealed or laminated to itself, to complete the foam encapsulation. The combined
flexible sheet, embedded fibers and foam structure as shown in FIGURE 5 can then be die cut
to the desired shape.

The foam can comprise polyurethane in the 5-60 1b (2.3-27 kg) ILD range having a
density of 1 to 6 Ibs/f® (0.016 to 0.1 g/cm®), the lighter ends of the ranges being preferred for
portable electronic devices to reduce weight.

Alternatively the gasket can be formed in the flexible sheet and embedded fibers with
out using a resilient core of polyurethane foam or the like. The flexible sheet can be

manufactured from a suitably compressible material such that an additional core of compressible
material is not required. For example, the sheet can be formed from a thick foam. When the
sheet is folded over into a double thickness of thick foam, it is compressible and forms a gasket
due to compression of the foam.

The invention is also suitable for applications in which the flexible sheet generally
defines an envelope that is open at one end, which end is formed to provide a means for
coupling the envelope to other shielding or mounting surfaces via a conductive gasket formed
at the end, preferably integrally with the material of the envelope walls. The “"envelope" can



coupling the envel ope to other shielding or nmounting surfaces via a

" conductive gasket forned at the end, preferably integrally wth the
material of the envel ope walls. The "envel ope" can 13 have a seam
arrangenment form ng edges and corners in the manner of a bag, or for
relatively thin conponents such as circuit cards, the envel ope can be
formed by two flat sheets joined around a perineter seamresiding in a
comon plane as in FIGQURES 6-8. For exanple, envelope 40 in FIGURE 6 is
formed with a seam 41 around the perineter of two sheets, but for a first
and second flap 42 at an open end 44. The flaps 42 can be engaged under a
conductive flange or the like (not showgsin FIGURE 6) to achieve an

el ectrical connection. In FIGURE 7, the ?Iaps 42 are folded over to double
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I ncor porate over fIa 42 of FIGQURE 7. In operation the
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shielding or mounting surface with compression of the gasket.
FIGURE 8 is a side view showing the folded over gasket flaps 42 with the conductive
material 14 spaced from the area between the facing sheets by the insulating layer 16. In this

arrangement, material 14 forms a conductive outer surface and the inside of the envelope is
insulated. This flexible envelope can be connected to an external surface by clamping or
bonding the gaskets to the surface via a conductive adhesive. Alternatively, the gaskets can be
formed with at least one hole 46 thereby allowing a fastener 48 to be passed though the gasket
in order to fasten the gasket to an external device, surface or the like, and if desired to make
a through electrical connection.

It is also possible to provide selective areas on either or both of the inner facing and
outer facing surfaces that are conductive or insulating, respectively, as required for a particular
application. For example as shown in FIGURE 9, it may be desirable to provide an access
opening through the shielding envelope, while still obtaining shielding when the device is
operational. In FIGURE 9, an access opening is provided by a flap cut into the shielding
material, preferably with means for protecting or insulating the edges of the flap and opening
from electrical contact that could short the shield material to a point on the circuit (not shown



application. For exanple as shown in FIGURE 9, it may be desirable to

" provide an access openi ng through the shielding envel ope, while stil
obt ai ni ng shi el ding when the device is operational. In FIGURE 9, an access
opening is provided by a flap cut into the shielding material, preferably
with nmeans for protecting or insulating the edges of the flap and opening
fromelectrical contact that could short the shield material to a point on
the circuit (not shown 14 in FIGURE 9). Such an access opening is
useful, for exanple, as a nmeans for renoving or inserting various
conponents such as nmenory chi ps and support chips, upgrade processors, nmath
co-processors and the like in conputers In FIGURES 9 and 10, the access
opening is provided by a sinple flap 60 éut around t hree edges such that
the flap LEPREORE Pt asﬂ&ﬁ%%cekbﬁ pdrtyl i hs&H0 For Jﬂn@ﬁ@\aeratmémrf& RéhoRfngt &€
conductive layer 14 along its edges against the circuit (not shown), neans
in the f ommmg aaqnwssmmqnn@ts Sujleasomemony ¢hipspRngvSuRBQrt Shipsinepgrade procssymbr y
of the fI %ﬂgﬁé 60 as shown in FIGURE 10, or on the
i nt er nal ge o#ﬂ§%gM%§é%ss opéﬁlﬁ%¥a£m both, to avoid contact both by
covering the eHgEICﬁﬂRES)Qdmdtmvﬂlel &ws ofiehingnid pkmpddrigr 4 kimpleSfiaps 6 sttaanound| | y
on the surface, of C 4 rath h roppi n the ess
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t he access o enln The con uq ive | ay can be ad of silicane,

| nsul at | ndis & AR R RO AR BT, Of e T oh i FRRTcaEes off o
preventi ngose Qﬁé\h{‘ﬁx Fﬁ@@ﬁﬁﬁ élén ﬁi&%ﬂrﬁl é&k@%f&ﬁ@a&éﬁfﬁﬂeﬁhﬁ & Bk, n(ﬁta'vkéﬁs
for insulating the conducti ve | ayer 14 around the edge of an openln Such

i nsul at i ogoRtass beth LihenvsHRg theeedge P eondugtive dayen Jé and feqping flapoQsybstentiallyima 10,
h f
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the inter naI and external rfaces i nsulat1ng
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a connect ig8r 19 afounkiIthelelige of an opening. Such insulation may be appropnate for an access

opening as in FIGURES 9 and 10, or otherwise needed to selectively provide surfaces on either
or both of the internal and external surfaces. In FIGURE 11a, a bead of insulating material 62
is applied sufficiently to cover over the edge surface of conductive material 14. In FIGURE
11b, a grommet-like insulating body 63 is provided and overlaps the conductive and
nonconductive surfaces 14, 16 on both sides, while also covering over the edge of conductive
sheet 14.

It may also be desirable as shown in FIGURE 11b to provide a selectively conductive
layer on the side otherwise insulated by layer 16. For example, a connection to a circuit
element shown generally as post 65 may be desirable to provide a ground connection, and in
addition to making such a connection using a screw 67 and washer 69 to make an electrical
connection between conductive layer 14 and post 65 through insulating layer 16, it may be
further desirable to provide surface contact between the underside or inside of conductive layer
14 and the post, by providing a selectively conductive area on the inside of the shield, where
such contact can be made. This can be accomplished, for example where insulating material
16 is applied or laminated to conductive sheet 14, by selective application of the insulating



el ement shown generally as post 65 may be desirable to provide a ground

" connection, and in addition to nmaking such a connection using a screw 67
and washer 69 to make an el ectrical connection between conductive |ayer 14
and post 65 through insulating layer 16, it may be further desirable to
provi de surface contact between the underside or inside of conductive |ayer
14 and the post, by providing a selectively conductive area on the inside
of the shield, where such contact can be nade. This can be acconpli shed,
for exanple where insulating material 16 is applied or lamnated to
conductive sheet 14, by selective application of the insulating 15
material via die cutting prior to Ianinfgion, or via selective application
of a foamor other insulation to be curéd in place. The conductive naterial
can be Shﬁsig:ﬁgie%ﬁ'die BRHEE Prioihd aniRst{on, 6P ivid RibcBe BppticatRsh ¥f & Fodth oPldARY
conductive fiber or filahent or yarn, woven or nonwoven wire, netal fibers,
met al al | ipgulatiosetoshe queadainiplaced nyl on fibers, conductive fabrics or the

i ke. The CONOHEofSudiRL flabdt tah 1RUREA Aitls] DirdeCwlch B nieHACSH brilBocPRirt ©
format |east an area of conductive materral 1n I ch the opening, having
at | east anethedgmductiveffihemer filafient oo patuc wioven omnawoxen fwirenmetal fibersc metalal | y
conducti ng, | ayer whil | s I ntalni,ng. fl.exibility,.of e fl.exihpl heet .
The fl exi %}ogafﬁﬁ:gmngq swg%‘{nﬁh%{ﬁ’ ‘f)oéld'écq{vﬁ g%fb) I°%1§£e|yl<’il& ﬁa?%’r Féﬂdﬁéﬂs‘@gﬁa asﬁ

pol yet hy| Rrgnbepdddyia oy flexitde kleershdshialfomeat lpat yvarey bf cdudoctivéanaterial imwhichke,
pol yet hyl ene bei ng npst preferred., The thickness of the. tin .vary
dependi ngth§PPERIRS. gmggﬂ%@,s,tgn% » igdormed, cﬁ\?% “YWB%‘&SW&%%%‘?‘?B&

har dness  génda@idgnafs wiletal® Hafaintgond Jfimofémekheand conductive
material, dielectric strength of the insulating sheet and amount. of reflow

desired. Any rEeflexibledpaiating, sheesrcap bend thermeplagic, maferials sads s BolyHEERe of
conduct or golﬁ%ttﬁ}grgtﬁﬁ{e%ﬁﬂhﬁﬁe‘% o Ry DhlGrHe! bf‘ﬁletl%@, plifethyidie b;eh}@%pﬁrwefa%@dded

conductiv 'nto the desired shape. The opening shown in FI GURE 9
i s essent The rhicknesst cfrthe ceating iy Vary depending onpyariews factots sugh @s.ohandness phihes

are possibl. nd r Lat ' H!lﬁﬁ et pot h
of the coﬁ?ﬁ%@g’i W@F@y@%ﬁ%ﬁf&@?ﬁgﬁﬁgﬁ ng layer a;f’r EE ?g%g‘g‘?’?‘@&eﬁ“g%a%‘ég to
cover or Hieleetrjoahrength ef deridsuddting sheetitand ambynt tob reflavedatiredie f | exi bl e
i nsul ati ng sheet beyond the edge of the.conductive material, .or otherw se
as appropri at egnié ed| PEPIRE, Q7 XAEPe for ncémpﬁsaﬁ?eg? i°ﬁd”*§F&%eePF§f’“‘§ﬁ°g’ﬁ% &n
edge or tpRrfdriig foihed by Suitiag ioho flsxibler shadt 2ad] emabedied tundectiye material into the
desired shape. The opening shown in FIGURE 9 is essentially rectangular, but it will be
appreciated that other shapes are possible and appropriate for particular uses.
The edges of one or both of the conductive layer and the insulating layer are selectively
placed to cover or to expose the conductive material, to extend the flexible insulating sheet

beyond the edge of the conductive material, or otherwise as appropriate. As an alternative to
adding insulating material along an edge or the like, the insulating material adjacent the edge
can be reworked by reflowing the insulating material using heat, pressure, ultrasonics, heat and
pressure, and other methods suitable to cause the insulating material to flow over and insulate
edges where needed. The rework process can be selective, such as reflowing only to cover
exposed conductive edges around an opening or to remove insulating material in a selected area
so as to achieve electrical contact. During or after a reflow operation additional steps such as
cutting, addition of conductive or non-conductive materials, use of adhesives for attachment or
forming of an enclosure and the like, can be conducted as needed to conform to particular
requirements.

Whereas the conductive material is sufficiently dense to obtain a resistivity of 10" to 10?2
/03, shielding enclosures formed from the conductive material can attenuate by at least 50 to



can be reworked by reflow ng the insulating material using heat, pressure,
“ultrasonics, heat and pressure, and other nethods suitable to cause the
insulating material to flow over and insul ate edges where needed. The
rewor k process can be selective, such as reflowing only to cover exposed
conductive edges around an opening or to renove insulating material in a
sel ected area so as to achieve electrical contact. During or after a refl ow
operation additional steps such as cutting, addition of conductive or

non- conductive materials, use of adhesives for attachnment or formng of an
encl osure and the |ike, can be conducted as needed to conformto particul ar
requi rements. \Wereas the conductive matggial is sufficiently dense to
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The invention having been disclosed in connection with the foregoing variations and
examples, additional variations will now be apparent to persons skilled in the art. The invention
is not intended to be limited to the variations specifically mentioned, and accordingly reference
should be made to the appended claims rather than the foregoing discussion of preferred
examples, to assess the scope of the invention in which exclusive rights are claimed.



_should be nade to the appended clains rather than the foregoing discussion

of preferred exanples, to assess-the-scope-of .the Jnventlon I n
exclusive rights are cl ai med. ‘RL7 | claim 1. ‘?@g W
shield, conprising: a flexible sheﬁwﬂﬂmumumclﬂm eI ect &Mggbati ng
mat er i aI a conductive materi al ensi

sheet and defining a shielding barrier’ the"inul ti ng material spacing the
conductive material fromat |east an exposed i nsul ating area on at | east
one surface of the flexible sheet on at |east one side thereof, and the
conductive material being exposed at another area on at |east one side
thereof, presenting an exposed contact gfea for coupling electrically to

the conductive nateri al; wherein the flexible sheet substantially fornms an
encl osur e digim:a circuit el enent, the enclosure having an o HaaMnR

g

t

wherein the insul ati na area and the contact area are arran I,mﬂﬂ”ﬂ

for protectingd-por A& Wﬂ@lccﬁm%lcf)méﬂﬂ%nt from cont ac
conductive mat isfraterial to

conducti ve bocfeﬁé,géllas% %ﬁm#jﬁ%&gﬁe SE{‘&H@ corrprl ses a flange

associ ated wi tahcqnductorpsmtnvgal sabwumhofcow@sm rwiticthe eﬂeaﬂﬂd)shengatwi dqfiningia on
the flan f

conpr i seg&én&n%barlr;g{]l ngb(%l %g% pziriéer ep&%ﬁ%@%& %Qta%?eg?(ﬂt%% | ngéea%rqéﬁe:] éble
peri pher ysheét dvier amaeeai oxgatfleast pneside bf thy Mﬂﬂe gheet, |thntd)yo1bresdnnngnn¢nmlaung

el ement fromc act wiih the. nduct| er Shl el d

cl a1, WFera0f A ey giabrif Pty Fraode) o Sty o6 B ol e By ot
conduct i vVtefaf gt ﬂeﬁble sheet ] thefelby §r gci Qbitact, ardi fr Rotiplirdgeelecifidedly toSthe
formed at Ieast par r@?( by folding the flexible sheet adjacent the opening.

5. TheroBductivg material;angh 4. further conprising a resilient core in the
gasket, and Whggsdin tﬁﬁﬁeﬁbﬁ@h@ét%uﬁﬂmm)‘ %ﬂ&lﬁe&cmrf@r b R&rchie SenleBh (thE O ©

for reS|I|entIy bearing the contact area. 6. The shield of claimi,
wher ei n tenslosyre baying a8 epening, ¢nd ghersin thmrtsulanm%wdthecomactareaaremnged

selectively, for protecting portions of the circuit element from contact with the conductive

material, and for coupling the conductive material to a conductive body.

2. The shield of claim 1, wherein the insulating area comprises an insulating lip of
predetermined width extending around a periphery of the opening for protecting said portions
of the circuit element from contact with the conductive material.

3. The shield of claim 1, wherein the flexible sheet comprises a flange associated
with the opening, a part of the contact area being disposed on the flange.

4. The shield of claim 3, wherein the flange is resiliently compressible, thereby
forming a conductive gasket.

5. The shield of claim 4, wherein the gasket is formed at least partly by folding the
flexible sheet adjacent the opening. ‘

6. The shield of claim 5, further comprising a resilient core in the gasket, and
wherein the flexible sheet is folded around the resilient core for resiliently bearing the contact
area.

7. The shield of claim 1, wherein the flexible sheet is formed into a hollow envelope
by at least one seam, and further comprising means for electrically connecting the conductive
material across the seam.

8. The shield of claim 7, wherein the conductive material is exposed on a conductive
side of the envelope opposite from the insulating face, and wherein the seam comprises a fold
at which the conductive sides of adjacent portions of the flexible sheet are overlapped.



envel ope by at | east one seam and further conprising neans for
electrically connecting the conductive materi al across the_seam 7. The

shield of claim®6, wherein theTtonductive-material is explsedcOd.&r jas or
conductive side of the envel opemﬂiﬁsi te fromthe insulatijng S LTi 'éb SEEN

wherein the seam conprises a fo Hmonductlve ' ,
portions of the flexible sheet REPLACENMENT S

R18 8. The shield of claim1, whereln the opem ng is adapted to engage
around an electrical connector having conductors for traversing the
shielding barrier. 9. The shield of claim8, wherein the electrical

connector conprises an external conducti e shield and the contact area is
arranged to bear agai nst said external conductive shield, for continuing

the shi el di ng gbarrirgg sﬁieRPGf Eﬁﬂnqor\ﬂﬁ?&@rthc fbning kmdapmlteasng  arBurithig! d
and a shielded circuit elenent, ri sing he shield haV|ng a flexible
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flexible t t he conductive materi al

bei ng exps i‘g fgfg%%i}’f"ﬁgﬁeasrhg%&nglb%*eas 5 SI e’thereof, presenting an
exposed cont adt. ar Mcémhmnmmphlshglcbdrﬂatsm«taldlcyrcumelehmnc@onlpnmhgre mat eri al ;
wherein the fl exihle sheet suhstaptiall forms | psure for. t, rcwt
el ement, the épﬁ:FlBglgrbé"’ﬁ‘g\ﬁﬂ @ﬁ 78 P é"s“égnﬁ“ ﬁﬂﬁ' Wlagf‘ft’]‘ﬁﬁ“%a ea
and the cophative Malstiab SEbstifiAR0CobxRAkifs ith €he/ fleXible shéctland tdeﬁﬁn@arshiemﬁg of
the circuit elenment fromcontact with the conductive nateri and for
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t he contact area bel ng di sposed on the The conbi nati on of
cl ai m 10, conthentize material beiog |eamsn©oauaesarfmqfr s@gxihh shegs over anather iapeacdf the
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conduct i vmataﬁﬁleamhl 12. The conbi nation of claim 10, wherein the flange

's resiliently Coqﬁ) ﬁexlfble sheet substantially forms an enclosure for the circuit element, the
enclosure having an opening, and wherein the insulating area and the contact area are arranged
selectively, for protecting portions of the circuit element from contact with the conductive
material, and for coupling the conductive material to a conductive body.

12.  The combination of claim 11, wherein the insulating area comprises an insulating
lip of predetermined width extending around a periphery of the opening for protecting said
portions of the circuit element from contact with the conductive material.

13. The combination of claim 11, wherein the flexible sheet comprises a flange
associated with the opening, a part of the contact area being disposed on the flange.

14. The combination of claim 13, wherein the flange is resiliently compressible,
thereby forming a conductive gasket.

. 15. The combination of claim 14, wherein the gasket is formed at least partly by
folding the flexible sheet adjacent the opening.

16.  The combination of claim 15, further comprising a resilient core in the gasket,
and wherein the flexible sheet is folded around the resilient core for resiliently bearing the

contact area.




thereby form ng a conductive gasket. 13. The conbi nation of claim 12,
wherein the gasket is fornmed at |east partly—-by fol di ng [ X1 bl e sheet
adj acent the opening. 14. The conbination of _claim 13} ThiStdat-7COND
aresilient core in the gasket \mnumm‘l“l\!ﬂ&ﬂp | exi bl SheenE' ﬁ BN
around the resilient core for r g the contact—asea-
The conbination of claim 10, wheteih the flexible sheet is forned into a
hol | ow envel ope by at | east one seam and further conprising neans for
el ectrically connecting the conductive material across the seam R19 16.
The conbi nation of claim 15, wherein the conductive material is exposed on
a conductive side of the envel ope opposhée fromthe insulating face, and
wherein the seam conprises a fold at which the conductive sides of adjacent
portions of they fl epickbfibilaeet offlfmOME WhaRRPHe fibible shddiSs foin8d @bk neliéw M
10, wherein the opening is adapted to engage around an el ectrical connector
havi ng cofRYglope by at deast onp\sepmy apd furthes GoEpRsing) msans, fog clectrigally connecting Bed of
clai m 17, .sMiG&ik ndtdiBit 8406 the @lm. CONnect or conprises an external conductive
shield and the contact area I's arranged to bear agai nst sai d external
conductive shidd, mwomhlaﬁmpﬁ@ahmg7,sﬂh&;¢iaith¢gcqsdu¢ﬁvermmniaigs exposed on a

CONNECt OF sonductive side of the envelope opposite from the insulating face, and wherein the seam

comprises a fold at which the conductive sides of adjacent portions of the flexible sheet are
overlapped.

19. The shield of claim 11, wherein the opening is adapted to engage around an
electrical connector having conductors for traversing the shielding barrier.

20. The shield of claim 9, wherein the electrical connector comprises an external
conductive shield and the contact area is arranged to bear against said external conductive
shield, for continuing the shielding barrier along the connector.
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