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Field of the Invention The invention rel ates
el ectronmagnetic shielding structures for el ed%@éycﬁmfdnl §geaucﬁ .aé pﬁgd’dCLL?.t.S
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boundary. 2. Prior Art Electronie circuits operatl ng at high frequenC| es or
having high gain often enmit or are sensitive to el ectromagnetic radiation.
It is conventional to enclose such circuits in a conductive encl osure

coupl ed tog, af-'i@l'drg_'ih ¢ Ifveatiggl, to attenuate radiation that is emtted or

recei ved. e efrectiveness of a shielding enclosure depends on its
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effectively, any gaps nust be correspondingly snal
computers, notebook or palmtop devxces and similar compact “electronic devices requiring

passage of signal or power conductors through the shielding boundary.
2. Prior Art o

. Electronic circuits 'o.perating at high frequencies or having high gain often emit or are

sensitive to electromagnetic radiation. It is conventional to enclose such circuits ig a conducrive
enclosure coupled to a; circuit ground, to attenuate radiation that is emitted or received. - The
effectiveness of a shieiding enclosure depends on its conductivity, its position re_lati;re to the
shielded circuitry, the extent to which the enclosure continuously surrounds the circuits, and
other factors. Improvihg the effec_tivenéss of high frequency shielding tt_ms generally requires
| more metal, defining a more cohtinuous enclosure, and/or arranging the shield closer to the
affected circuits. A conductive shielding enclosure may define gaps, depending on the
frequencies to be shield_ed. However, to attenuate relatively higher frequency radiation
effectively, any gaps must be correspondingly smaller.
In connection with computing and radio communications equipment, the frequencie-s of
' clock oscillators, multiplying phase locked loops and similar circuifs may be quite high. The
basic clock speed of a conventional portable computer, for example, typically ranges from 25
to 66MHz, and advances are. i:ushing the clock speeds upwardly. In addition, operations at
different fréquencics produce harmonics at the sum and difference of the frequéhcics, and in the
portable corriputer example, harmonics up to S00MHz or more may be present and may require

shielding. This requires a very intensive shield, i.e., a nearly complete enclosure that is quite

conductive and is placed close to the circuits that emit or are sensitive to the electromagnetic

radiation.



In connection W th conputing and r.adi o comuni cati ons equi pnent, the
frequenci es of clock oscillators, multiplying phase | ocked | oops and
simlar circuits may be quite high. The basic clock speed of a conventional
portabl e computer, for exanple, typically ranges from25 to 66MHz, and
advances are pushing the clock speeds uppardly. In addition, operations at
different frequencies produce harnonics at the sumand difference of the
frequencies, and in the portable conputer exanple, harnonics up to 900MHz
or nore may be present and nmay require shielding. This requires a very

I ntensive shield, [err], a nearly conplete enclosure that is quite
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equipment and the like.

One problem is weight. It is not unusual for an electronic circuit to include various
subassemblies that are separately shielded to prevent them from adding to the emissions of the
assembly as a whole. Shiclded subassemblies are likewise often provided within shielded

~ subassemblies. For example, a portable computer may have an external housing having a sheet
metal liner for shielding the housing, a switched mode power supply assembly that is separately
.shielded, a disc drive that has internally shielded driver and motor circuits within a sheet metal
box, separate shielding associated with the keyboard or the display, and an internal shield or
- ground plane associated with the main printed circuit board. There is a need to optimize
' shielding to reduce weight. If the outer shielding could be optimized and made coatinuous,
internal shielding could be reduced to the minimum needed to avoid cross coupling between
subassemblies.

Another expense and complexity of manufacture is mounting of the shielding panels.
'For compactness, the sheet metal panels are carefully shaped to fit closely over the shielded
components. Typically, the sheet metal panels have flanged edges with aligned holes for
screws; rivets, bendable tabs and similar attachment means intended to permit assembly ;vith '

~ other panels and with circuit card and housing structures, to form a self supporting metal box.
This requires a plurality of complex shapes, fittings and assembly procedures for the shielding
| box and for the housing. The panels and their assembly and mounting must be handled with
care to ensure a continuous ;:Iose fitting enclosure that does touch or short circuit elements.
Often it is necessary not only to provide a formed conductive panel, but also to attach standoffs
or sheets of plastic or other electrical insulation over the conductive panel to prevent shorting.

All these techniques add to the expense and weight of the unit.



One problemis weight. It is not unusual for an electronic circuit to

i ncl.ude vari ous subassenblies that are separately shielded to prevent them
fromadding to the enissions of the assenbly as a whol e. Shiel ded
subassenblies are |ikew se often provided within shielded subassenbli es.
For exanple, a portable conputer nmay hav@-an external housing having a
sheet .netal |iner for shielding the housing, a sw tched node power supply
assenbly that is separately shielded, a disc drive that has internally
shi el ded driver_ and notor circuits within a sheet netal box, separate
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elenents. Often it is necessary not only to provide a forned conducti ve
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resistivity as needed for electromagnetic shielding, i.e., on the order of 10% to 102 Q/(J, and

K nonconductive surface facing toward the shielded circuit. The enveldpe is flexibly arranged
around the shielded circuit, and caﬁ have passages for conductors and/or access, providing the
advantages of rigid panel shielding without the manufacturing and assembly problems.

Flexible plastic bags with conductive coatings on an exterior side are known in

- connection with shipping bags intended to avoid damage to sensitive CMOS integrated circuits
and the like due to electrostatic discharge: A person handling the protected circuit first touches
the conductive .bég, whereupon any potential difference due to static electricity is equhlized,
sometimes with the occurrence of a discharge or spark. Protection from electrostatic discharge
is unlike high frequency shielding in that the energy of a static electricity dischafge, occurring
for example with manual handling, is normally very low. The discharge occurs at a point and
is charactgrized by rel.atively low frequencies. Thg: circuit is normally not operational, but is
packed for shipment. The objective is simply to prevent the discharge from damaging the thin
semiconductor junctions of the CMOS circuits. '

Protective shipping bags for circuit cards accordingly have a very thin external metallized
layer to dis's'ipat'e static discharges, normally so thin thit one can see through readily. The
metallization is minimal because attenuation of the discharge by 20dB is adequate for circuit

,' protection. Electrostatic discharge packaging functions adequately for its purposes even when

- the packaging leaves gaps open at closures or perhaps where the metallization is scratched or



Al'l these techniques add to the expense and weight of the unit. It is

known to att{enpt to alleviate shielding problens by making a plastic,

nor mal-l y- nonconductive housing into a conductive box by applying a

conductive additive to the plastic, by applying a netallic coating |ayer,

or by lam nating the housing from al terndti ng conductive and nonconductive

sheets. These techni ques are disclosed, for exanple, in US Patents

5,137,782 - Adriaensen, et al. (enbedded wires); 5,164,542 - Hart

(lam nated wire screen); 5,170,009 - Kadokura (el ectrodeposited coating);

and 5, 226, 210 - Koskenmaki, et al. (conductive paint coating). Such
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" 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 fibers 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. _
| It is also known to wrap a circuit card with a web of discharge protective shielding
material as in US Patent 4,896,001 - Pitts et al. According to Pitts, an electrostaéic discharge
material in the form of a web is provided on the high end of the conductivity range for
- electrostatic discharge protection. This effectively compromises electrostatic discharge
~ protection to improve shielding agaipst interference, and compromises Shielding effectiveness
- to improve electrostatic discharge protection. Whereas the web is wrapped over itself and
around the circuit card, the circuit card is not closely sealed and the result is not a coﬁplete
envelope forming a full shieiding barrier. ‘

Another possibility is to cure nonconductive and conductive materials in alternating
layers directly on the circuit card elements. However, this precludes any further access ;o the
circuit card elements and tends to confine heat. High frequency devices, such as the processor
of .a computer, tend to dissipate substantial heat. It also is desirable to reserve access to the
circuit card, for example to allow a math coprocessor circuit to be added or to allow the
processor chip to be -replaced, via a zero-insertion force (ZIF) mounting arrangement.

For electroma_gnetic shielding of circuits that are sensitive due to high gain and/or
operation at high frequencies, as well as circuits that emit the offending high frequency
elcctromagx'letic' radiation, a great deal more conductive material and a more complete

conductive enclosure are needed for shielding against electromagnetic interference (EMI) than



connection with shipping bags intended to avoid danmage to sensitive CMOS
integrated circuits and the like due to electrostatic discharge. A person
handling the protected circuit first touches the conductive bag, whereupon
any potential difference due to static electricity i's equalized, sonetines
with the occurrence of a discharge or spgtk. Protection fromelectrostatic
di scharge is unlike high frequency shielding in that the energy of a static
el ectricity discharge, occurring for exanple with manual handling, is
normal Iy very |low. The discharge occurs at a point and is characterized by
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invention concerns a low-resistivity flexible shielding envelope that can be mounted in a device

“such as a portable computer or the like, having an insulated side facing the circuit and a
conductive side facing the envelope, and with access provided. to the circuit and/or means
available for passing signal lines or power lines through the shield barrier while maintaining a
complete shield barrier.



It is known to provide electrostatic discharge protection as .a permnent
feature of a circuit card nounting, for exanple as in US Patent 5,005,106 -
Ki ku, 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.gThis unit is self contained, and
thus the electrostatic discharge material does not interfere with other
aspects of circuit operation and nounting. The discharge-protective
structure does not forma conplete envel ope around the affected circuit.

Ki ku uses a minimally conductive filmrather than highly conductive
enbedded fibers as- needed for smgﬂmngglgggglgﬂmgmpctronagnetlc
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~ 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 envelope that surrounds a circuit card within the bousing of the device. The flexible
envelope forms a shielding enclosure and has an electrically insulating flexible sheet and a sheet
of conductive fibers embedded in the flexible sheet so as to leave a nonconductive face oriented
toward the circuit card. The insulating sheet can be a thermoformable polymer, preferably a
‘thermoplastic, such as, polyethylene, polyethylene terephthalate, polyvinyl chlbride, or the like,
. and are sufficiently flexible. The conductive fibers can be metal fibers, metal alloy ﬁbers,'
" metallized nylon fibers, or the like, and are sufficiently dense to obtain a resistivity of 10* to
10? /0. The enclosure forms a hollow envelope with the conductive fibers coupled
electrically across a seam, for example by cutting the flexible sheet and embedded fibers using
heat. For use with a portable computer having a pivoting screexi, a neck exten.eion_ of the
enclosure carries conductors through the area of the pivot. For access to circuit board elements,

- for example for changing or adding chips, an access opening is provided with a conductive
extension that is movable to overlap the opening sufficiently for shielding, preferably to overlap

- conductive material over a distance ofa plurality of wavelengths at the frequency of interest.
This conductive extension or flap can be moved to expose the opening when access is needed.
The flexible envelope can be joined to a circuit ground by clamping conductive fibers on an

- exposed face to a metal connector panel of the device.



of a conputer, -tend to dissipate substantial heat. It also is desirable to
reserve acgess to the circuit card, for exanple to allow a math coprocessor
circuit to be added or to allow the processor chip to be replaced, via a
zero-insertion force (ZIF) nounting arrangenent. For el ectronagnetic
shielding of circuits that are sensitivefdue to high gain and/or operation
.at high frequencies, as well as circuits that emt the offending high
frequency el ectronagnetic radiation, a great deal nore conductive material
and a nore conpl ete conductive eq&&osure are nSeded for shiel di ng agai nst
el ectromagnetic interference ( ting agai nst
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FIGURE 4 is a side sectional view of another embodiment of a thin, flexible
electromagnetic shielding enclosure according to the invention.

FIGURE 5 is a perspective view of 2 portable computer having a motherboard enclosed
within an electromagnetic shielding envelope according to the invention.



avai | abl e for passing signal lines or power |ines through the shield
barrier whi.le maintaining a conplete shield barrier. Summary of the
Invention It is an object of the invention to provide high frequency

el ectromagnetic shielding in the formof a flexible conductive nenbrane
that has very lowresistivity, an electi§cally insulated jnsjde surface and
means for formng the nenbrane into a an electrically E%pe.
It is another object to facilitate shielding of devices ﬂ Ss
and/ or passage of conductors through a shielding barrie her
object to provide a shield for printed circuit cards and the |ike, that
arranges a |l ow resistance sheet closely adjacent circuit elenments, w thout
the need to formthe shield to a particular contour. It is also an object

to provide a shield strupkifiéd mﬁiﬁ}i&'bfl&éwmg EMbbdehdrect i ve for

shi el di ng conpact and portabl'e high frequency apparatus such as conputers.
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The fl exi bl e envel ppe forns_a shiel ding encl osure and has_an el ectrical IY
i nsul at i n@Squ:@iqdbqv Sychomed} Boxes  [fiscshown in FIGURES 1, 2, and 3 the shielding materia

forms a flexible electrically conductive envelope 10 for the shielded circuit 12 from an
electrically insulating flexible sheet having a sheet of conductive fibers embedded therein. The
conductive fibers are sufficiently dense to obtain a resistivity of 10" -to 10 Q/(J, thereby

obtaining attenuation of electromagnetic interference or "EMI" of 50 to 60dB over the frequency
- range 30MHz to 1.0GHz. The conductive fibers forming a conductive face 14 are spaced from

at least one side of the flexible sheet forming an insulating face 16 that is directed toward the
. shielded circuit. The conductive fibers are coupled to circuit ground 18 via a suitable

connecting element (not shown) such as a screw passed through the shielding envelope.

In the embodiment shown in FIGURE 1, two thicknesses of the sheet and its embedded
fibers are attached at their édges to form an enclosure 10 that is sized for at least one electrical
circuit or device, such as a printed circuit card. Whereas the insulating face 16 is oriented
inwardly toward the electrical circuit, the shielding enclosure may reside very close to the
circuit elements and preferably rests against certain of the circuit elements. However, the
conductive fibers are insulated from electrical contact by the nonconductive flexible sh_eet 16,

~and remain spaced slightly from the electrical elements. This close positioning of the
conductive portion 18 of the shield to the circuits aids in shielding effectiveness. - At one end
of the envelope, an extension or neck 20 can be provided that allows the shield enclosure to
extend outwardly, for example to accommodate conductors.(not shown). At the other el—:d of
the envelope, a connector terminal 22 can be provided that allows an external element to
_ operatively connect to the enclosed circuit card.

The conductive fibers can be metal fibers, metal alloy fibers, metallized synthetic ﬁbcr_s,
such as metal plated nylon fibers, or the like. The conductive fibers are 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 fibers are silver

metalized nylon fibers, for example with 24 to 30% by weight of silver applied by an electro-



of conductive fibers enbedded in the flexible sheet so as to | eave a
nonconductive face oriented toward the circuit card. The insulating sheet
can be a thernofornmabl e polyner, preferably a thernoplastic, such as,

pol yet hyl ene, pol yet hyl ene terephthal ate, polyvinyl chloride, or the like,
and are sufficiently flexible. The condu@tive fibers can be netal fibers,
metal alloy fibers, metallized nylon fibers, or the like, and are '
sufficiently dense to obtain a resistivity of [err] to [err]. The encl osure
forns.a holl ow envel ope with the conductive fibers coupl ed eIectricaI%y
‘across a dessrplatingrpresessipICoppsr ena eappgr-ninkel fallox ras dlse be uteddad- etAdI@H % by .
fibers usiqglﬂ at. For use with a portable conputer having a pivoting
screen, a g®)ext ensi on of the enclosure carries conductors t hrough t he
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drawi ngs certain exenplary enbodi nents of the invention as
thermoplastic material, such as polyethylene, polyethylene terephthalate, polyvinyl chloride, or
the like, polyeihylene being most preferred. According to an aspect of the invention, the
thermoformable nature of the insulating layer enables adjoining portions to be attached by heat
welding facing portions. _ '

Accordingly, as shown in FIGURE 2, the conductive fibers can be arranged to continue
the shielding barrier across one or more seams 24 where the adjacent edges of the flexible sheet
and embedded conductive fibers come together. It is also possible that the adjacent portions
caﬁ be attached by sewing, taping, adheﬁng via a preferably-conductive adbesive, or b_y a
mechanical fastening such as a slot and bead (Zip-lock) means. According to a preferred
arrangement, continuing the electrically conductive nature of the material across a seam 24 is

~ accomplished by heat welding thé edges of the material at the seam so that the conductive fibers
come into electrical contact. This can be accomplished readily due to the thermoplastic nature
of the insulating sheet and the preferred conductive fibers. |
~ Ahot cutting operation can be used to compress and melt the sheet at the seam, or the
sheet can be sheared and heat sealed, preferably with compression, for causing the conductive
~ fibers on the edges adjacent the seam to electrically engage, and forming a continuous shield
barrier in a convenient manner. The hot cutting operation causes the thermoplastic insulating
material and the conductive fibers embedded therein to melt and reform along.the seam line.
It would also be possible to prbvide 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 caﬁ also be used to provide shielding material that subdivides

a shielded enclosure into two or more subenclosures.



presently preferred. It should be understood that the invention is not
limted to the enbodi nents di sclosed as exanples, and is capabl e of
variation within the scope of the appended clains. In the draw ngs, FIGURE
1 is a perspective viewof a circuit card enclosed within a thin, flexible
el ectromagneti c shiel ding envel ope accoridi-ng to the invention. FIGURE 2 is
a cross sectional view of the arrangenent of FIGURE 1 along line 2-2.
FIGURE 3 is a side sectional view of the arrangenment of FIGURE 1 along |ine
3-3. FIGURE 4 is a side sectional view of another enbodi nent of a thin,
flexi bl e el ectromagnetic shiel di ng encl osure according to the invention.

FI GluRE‘g i s a piedpwdatingsheet ispreferablyphing Beeiblep Py eEY (ERashesiPus hiving aiffioigny
58 ooty . orra/ e 1
Cvent  on tickdls 78 5 i8R Vohiske o8k Bxiindld FUCLOREIBTEARLINS § 03 Wewr),

i nvgnt i on @@Eﬁb@es? dosf /reaxi (0.25 g@é).dﬁhgemqudaéwnﬁddctiwﬁhemnms f¢resxaimple, a
conductive fibers for use in.s | agai nst e_passage o .

el ect r omaghesal Elaqeﬁft'B’F‘?"egQ‘?{ceAﬁg'&gif g‘%}@?‘i’ 98Y°‘§ pjgteé‘ ﬂgﬂ‘g‘é‘fmdgﬁ%ﬁ BB‘B"X‘S 2 preferred
ar r angenedper Risteril W s ilver CBRNI(@EhdumMAE of MHMsRIVEYNERALETAC NBRrwalk, CT). -
associated wth such netal boxes. As shown in FIGURES 1, 2, and 3 the

shi el di ng Amdtheri possiblermaerialfis pia-bonded sibver plased ngn-womeruaylpy diben suirlb pe PBY-Hor
FUHEE TR T s T R
conductive seam to be formed simply by cutting through two or more layers of the shielding
. material with a heated knife. The structure is formed generally into a hollow flexible envelope.
The metalized fiber can be embedded in the insulating sheet, for example by extrusion
coating the nonwoven metalized fiber batt with the polyethylene or other insulating material.
In the alternative embodiment shown in FIGURE 4, an overlap 26 can be provided at which a
seam forming the envelope is made, however, the conductive fiber is spaced from the insulating
inner face of the material, and preferably is exposed on the outer face. The overlap allows
easier assembling of the enclosure and also provides an access opening for removably mounting
a circuit bdard enclosed within the envelope. Where an overlap is relied upon to coniinue the
shield electrically over a seam, it is necessary to fold the material under so as to cause the
conductive outer faces of the adjoined sheets to abut in electrical contact. As shown in FIGURE
4, the shielding enclosure substantially defines a rectilinear envelope dimensioned to receive the
circuit card, folded along one edge and seamed along two edges via heat welding as explained
above. The envelope engages around a circuit card and a flap 26 at the open end is folded over
the envelope and affixed, preferably conductively, against the outer surface of the -'envelope.
The invention is particularly applicable to shielding the printed circuit board or boards
of lightweight portable devices such as ‘portable computers. For this purpose the shielding
enclosure advantageously includes at least one neck extension of the enclosure, dimensioned for
passage of at least one conductor such as a ribbon cable that couples the mother board of the
computer through a mechanical pivot coupling to a display unit that folds up from the housing
of the portable computef. This exténsion neck is also easily formed by cutting the required
shape from two overlapped sheets of the shielding material, laid with their insulating faces

against one another and their conductive faces outwardly.



shown in FIGURES 1 and 2, the envelope forns a | oose conductive encl osure
in the manner of a flexible bag around the circuit, into which the circuit
is sinply inserted to effect shielding. The conductive fibers are
sufficiently dense to obtain a resistivity of [err] to [err], thereby
obtai ning attenuation of el ectromagneticifi-nterference or "EM" of 50 to
-60dB over the frequency range 30MEz to 1.0GHz. The conductive fibers
form ng a conductive face 14 are spaced fromat |east one side of the
flexible sheet formng an insulating face 16 that is directed toward the
shielded circuit. The conductive fibers are coupled to circuit ground 18
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from that surface of the flexible sheet that forms an insulating face 58 oriented inwardly toward

the electrical circuit and a conductive face 60 oriented outwardly toward the housing.

| Whereas the conductive fibers are sufficiently dense to obtain a resistivity of 10" to 102
Q/01, the shielding enclosure can attenuate by 50 to 60dB the high frequency electromagnetic
radiation produced. Such radiation is typically generated on the order of the clock speed of the
cor.ﬁputer (e.g., 16 to 100MHz) as well as the harmonics that are produced with generation of
different frequency components and the ringing of the switched circuits. The material as
described can provide such attenuation over a frequency range of 30MHz to 1.0GHz.

The flexible shielding enclosure has at least one seam at which adjacent portions of the
conductive sheet are arranged to continue the shielding barrier formed by the conductive fibers
across the adjacent portions. In this embodiment theré are several seams 60 at which the
conductive fibers are engaged or where the conductive fibers are electrically coupled to a me-ans
for coupling ihe conductive portion of the shield to a circuit ground.

Along a neck 62 extension of the shielding enclosure, two seams define a tube
dimensioned for passage of a ribbon cable or the like whereby a circuit card in the base portion
of the housing can be coupled to a display circuit 64 in a pivoting display panel. Another seam
is provided at a flap 64 affixed adjacent an access opening at which the sheet and the embedded
fibers are movably disposed to expose or cover the access opening. This access opening is
preferably arrénged over a circuit card position in which an integrated circuit packégc is

removably mounted, for example to allow a processor chip to be updated with an improved



such as netal plated nylon fibers, or the like. The conductive fibers are
enbedded in the flexible sheet in an anobunt sufficient to form an
electrically conducting layer while also maintaining flexibility of the
fl exi bl e sheet. According to one enbodi nent, the fibers are silver
metal i zed nylon fibers, for exanple w t-H224 to 30% by wei ght of silver
applied by an el ectro- -9- less plating process. Copper or a ~
copper-ni ckel alloy can also be used (e.g., at 40 to 60% by weight). The
conductive fibers preferably forma nonwoven batt with a sufficient
proportion of the adjacent fibers in electrically conductive contact to
obtain a resistivity of [err] to [err] Only small dinmension gaps remain
through the shielding material that mould pernmt passage of el ectromagnetic

radi ati on. \Whereas_ any .gaps are ‘;‘HB the shielding, barrier is e?fect lve
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Accor di nglghields shovvn in FIGURE 2, the conductive fibers can be arranged to
conti nue

)

|4
(@, ~=q]

FIGURE 5 also shows a preferred means for coupling the conductive fiber portion of the
shield material to the circuit ground of a portable computer or other device having an electrical
connector traversing the shield boundary at a mounting plate. The conductive fibers in this
embodiment can be exposed on a face opposite from the 'i_nsulating face of the material, or a
connecting means such as a screw can pass through the conductive fiber portion for making an
electrical connection between the shield and a grounded point such as a'conductive mounting
plate of a connector panel coupled to the circuit ground. The means for coupling the conductive
fibers to the circuit ground of the circuit card can comprise a fastener as described, or
alternatively a clamping means or conductive adhesive connection can be provided to cauée
conductive fibers on the exposed face to engage against the connector panel.

The invention provides a continuous and effective shielding boundary when completely
closed and electrically joined according to the invention. The extension neck can extend the
shield along conductors that traverse the shield barrier. A similar neck arrangement or
attachment of the conductive shield to a housing element can also be used, .for example, to
pefmit a flow of cooling air or the like across the circuit card enclosed within the EMI shield.

The invention having been disclosed in connection with the fp;egomg 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 re_t';rence
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.
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- form a continuous shielding barrier of the conductive fibers
across the adjacent portions; and, means for coupling the
conductive fibers to a circuit ground of the electrical

Circuit.

2. The 'shielding enclosure according to claim 1, wherein
the conductive fibers provide 50 to 60dB attenuation of
electromagnetic interference having a frequency of 30MHz to
1.0GHz. :

3.. The shielding enclosure according to claim 1 or 2,'
wherein the enclosure is formed intc a hollow erivelope by at
least one seam, and further comprising means for
ez'lectrically coupling the conductive fibers across the sean.

4. The shielding enclosure according to claim 1, 2 or 3,
wherein the enclosure is moulded toc a distinct shape for
closely encompassing an electronic circuit device.

5. The shielding énclosure according to claim 23 or 4,
wherein the conductive fibers are exposed on a conductive
side of the enclosure opposite from the insulting face, and
wherein the seam comprises a fold at which the conductive
sides of the adjacent portions are overlapped.

6. The shielding enc].osur_e according to any one of the
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substantially defines a rectilinear envel ope di nensioned to receive the
circuit card, folded along one edge and seanmed along two edges via heat
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one access opening, and further comprising an extension of
the enclosure adjacent the access opening and dimensioned to
cover the access opening, conductive fibers of the extension
being electrically COUpléd to the conductive fibers of the
sheet of conductive fibers such that the extension continues
the shielding barrier across the access opening.

9. The shielding enclosure according to claim 1, wherein
the enclosure is formed with at least one seam at which the
electrically insulating flexible sheet 1is melted and
reformed so as to join the conductive fibers electrically
across the seam,. the seam defining at least one of a neck

- extension of the enclosure, dimensioned for passage of at
least one conductor} and an access flap at which a portion
of the enclosure is displaceable to obtain access to an
inside of the enclosure.

10. A shielded electronic device, comprising: at least one
electrical circuit carrying circuit elements; a
substantially rigid housing for enclosing the electrical
circuit; a flexible shielding enclosure disposed around the
electrical circuit and inside the housing, the shielding
enclosure including an electrically insulating flexible



The |ﬁﬂaﬂﬂ¢ ‘@ularly applicable to shleldln ui t
boar d o m ht wei ght portabl e devices such mnmlm“mmmmn ters.
For th| hleldlng encl osur e advant ageousl# icnc es at 4 east
one neck extenS|on of the enclosure, dinensioned for passage of at |east

one conductor such as a ribbon cable thas.coupl es the nother board of the

conput er tdy&aghwa cRechadinedle pbfotcd}m%wgetelée@lsspém{eaaea tirat ehel ds
ng of the port 8’% conputer._ This extension neck is al so

up fromthe ho
e23|ly for%%ﬂxﬁQi%u???ﬁﬁ FRe3Fe spR&se AT Ao t RS UREREE of

the shi el ddfhgenat €liedibleni @h@ethfblmurnq el ﬁﬁs@gataaqs fagad ot 1 ONted
anot her and thQ%iﬁconductlve f aces, out wa shi el.ded elqgtronlc

devi ce 50 HMRFUHHRg TR¥ERR ?‘l@%nt?]o?‘l‘:t’éhﬁﬁi ’ar‘f)‘b?'?ablreh%orﬁﬁﬁ FCt1¥eshown
in FI GURE ﬁbeﬁ@ebdengcemfrfo]m@ﬁ:]a} dlemsé aaeobtadhr acaledistrin it push as

t he nnther@far -Q It .hat e_a. high
frequency st %QSC|§(§ gh% gﬁ% 16 %ﬁéﬁ |;#%$hﬁvéﬂ%w%§ and
perhaps a métoumneoseamoat(whn.cbham)aceﬂtepmftdroreileiﬂ tife tdundlest Dee
conpri ses subst ti I, O ' 54 f.or cl h lectrica
circuit. F?Zh%éjf d‘g.‘fﬁéiﬁ‘gef%ﬁﬂ egle‘fh%gﬁ%ﬁgr%%’?o O?%%rﬂ%ct I ve
naterialaﬂhbthendpc@mwﬁnglaensumnanS thehadaaaantcpbrtmoumt ardyf
ensures t e | i ng
Coni ch i 1 g g FodPLEA8 6L CIMBERLELC BheE co PO L AT 2
flexible siff ethe ngieAYiss@GrEds6 i s di sposed around the electrical ci rcuyt

and inside the housing. The shielding enclosure 56 as descri bed above

i ncludes an electrically insulating
11l. The invention accCording to claim 3, 4, 5 or 10,

wherein the electrically insulating flexible sheet comprises
a thermoplastic material with the conduétive_fibers embedded
therein, and wherein the seam comprises a melted and
reformed line along the thermoplastic material at which the
éonductive fibers are brought into electrical contact across
the seam.

12. The shielded electronic device according to claim 11,
wherein the seam borders at least one of an access opening
at which the sheet and the embedded fibers are movably
disposed to expose or cover the access opening, and a neck
extension of the enclosure, dimensioned for passage of at
least one conductor.

13. The invention according to any one of the preceding-
claims, wherein the conductive fibers comprise a nonwoven
sheet of metallized thermoplastic fibers.

14. The invention according to claim 17, wherein the
electrically insulating flexible sheet <comprises a
thermoplastic material.

15. The invention according to claim 14, wherein the
electrically insulating flexible ‘sheet comprises
polyethylene and the metallized thermoplastic fibers
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17. The invention according to claim 15, wherein the
electrical circuit comprises a printed circuit card of a
portable computer, wherein the portable computer comprises
a display coupled to the printed circuit card by conductors,
and wherein  the enclosure comprises an extension neck
surrounding the conductors and extending toward the_display.

18. The invention according to c¢laim 17,. wherein the
display is movably attached to the housing at e pivot, and
the extension neck surrounds the conductors in an area of
the pivot.



-12- processor--chip having a correspondi ng pi n-out arrangenent via a
zero-insertion-force (ZIF) nounting. Simlarly, it is normally optional to
provi de a math coprocessor chip in a portable conmputer, and a simlar

access openi ng can be provided to enable a coprocessor to be installed
after original production of the portable conputer, and w thout renoving
the greater part of the shield. FlGURE flfl so shows a preferred neans for
coupling the conductive fiber portion o he shield material to the circuit
ground of a portable conputer or other device having an el ectri cal

connector traversing the shield boundary at a nounting plate. The
conductive fibers in this enbodi nent can bg posed on a face oppggite from
the insulating face of the material, or gcti-ng neans such a6 a screw
can pass through the conductive fiber pg maki ng an el eftri e II
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shield al ong cenductors that traverse the shield barrier. A simlar neck
arrangenent, or attachnent of the conductive shield to a housing el enent can
al so be used, for exanple, to permt a flow of cooling air or the like
across the circuit card enclosed within the EM shield. The invention
havi ng been disclosed in connection with the foregoing variations and
exanpl es, additional variations will n e apparent to persons skilled in
the art. The invention i.s not intended To be limted to the variations
specifically nmentioned, and accordingly reference should be nade to the
appended clains rather than the foregoing discussion of preferred exanples,
to assess the scope of the invention in which exclusive rights are cl ai ned.
CLAI M5 1. A shi el ding encl osure conprising: an electrically insulating

fl exi ble sheet; a sheet of conductive f4 bers enbedded in the flexible sheet
and spaced frogl-t | east one side of h flexible sheet so as to present an
i nsulating fac ’ > the flexible
sheet and the e [0 a ? e an €Xi bl e bag

encl osure sized$§ g3t east ‘Bne el esfifiicdl circuit,
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with the insulating face oriented inwardly toward the electrical circuit,
~the flexible sheet followi ng the contour of the electrical circuit and the
enbedded “fi bers form ng a substantially continuous shielding barrier around
t he encl osure; and, neans for coupling the conductive fibers to a circuit
ground of the electrical circuit. 2. The shiel di ng encl osure according to
claim1l1, wherein the conductive fibepggprovide 50 to 60 dB attenuation of

el ectromagnetic interference having a& frequency of 30 MHz to 1.0 GHz. 3.

The shiel ding enclosure according to claim1, further conprising at |east

one neck ‘extension of the encI01F==F=;=ﬁ;;n aned for passage of at |east
one conduct or. - 14 - 4. THE - i

i el di gtoclaiml,
al 1ized

t hernopl astic fibers.
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5. The shi el ding enclosure according to claim4, wherein the electrically
insul ating flexible sheet conprises a thernoplastic material. 6. The
shi el ding encl osure according to claim5, wherein the electrically

i nsulating flexible sheet conprises polyethylene and the netallized

thernopl astic fibers conprise netalli ﬁﬂ w The shi el di ng
encl osure according to claim1l1, wherei § nductlve fibers are

sufficiently dense to obtain a resistivity of [err] to [err]. 8. A
shi el ding encl osure conprising: an electrically insulating flexible sheet;
a sheet of conductive fibers enbedded in the flexible sheet, the conductive
fibers being sufficiently dense to obtain a resistivity of [err] to [err],
the fibers being spaced fromat |east one side of the flexible sheet
formng an insulting face; Substitute sheet - 15 Nay 19@. 1)

EMI SHIELDING HAVING
FLEXIBLE CONDUCTIVE ENVELOPE

An electronic device such as a portable computer is shielded against electromagnetic
intefiference using a flexible envelope that surrounds a circuit card within the housing of the
device. The flexible envelope forms a shielding enclosure and has an electrically insulatihg
flexible sheet, for example of polyethylene, and a sheet of conductive fibers embedded in the
flexible sheet so as to leave a nonconductive face oriented toward the circuit card. The
cbnductive fibers can be metallized nylon and are sufficiently dense to obtain a resistivity of 10"
to100? Q/C]. The enclosure forms a hollow envelope with the conductive fibers coupled
electrically across a seam, for example by cutting the flexible sheet and embedded fibers using
‘heat. For use with a portable computer having a pivoting screen, a neck extension of the
enclosure carries conductors through the area of the pivot. For access to circuit board elements,
for example for changing or adding chips, an access opening is provided with a conductive
exténsion that is movable to overiap the opening or to expose the opening. The flexible
envelope can be joined to a circuit ground by clampmg conducuve ﬁbcrs on an exposed face
to a metal connector panel of the device. - S :
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Descn tlon aged .to paoedg _ .
- 15 - Wgr@aka.dne fl.ed B, {2 g0 ghaged 28nq the enbedded fibers are forned into a
| oose a1 edencl gd§+mzed to substantially surround at |east
one el eft @dl-nsuatlng face oriented inwardly toward
t he el ebt CI rc ] t'he XI sheet bei Sigbstistiterehertst BhMawN1P8RI ng
t he con our of the el ec rl‘E angl.t he enbedded fibers formng a
subst anti n 11='I'ri'r nnnhﬁrri eraround the enclosure; and, neans

for coupling the conduc

2 the el ectrlcal

circuit; and,- wherein the encl osure S forrred |nto a hoI | ow envel ope by at
| east one seam_and further_ conprising neans for electrically coupl ing the
conduct i ve fi bdhe inventien pronidesa flexible el‘hﬁ& ea¢lpuiraifron eramnosite ef eendastiveng
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forms a flexible electrically conductive envelope 10 for the shielded circuit 12 from an

electrically insulating flexible sheet having a sheet of conductive fibers embedded therein. As

shown in FIGURES 1 and 2, the envelope forms a loose conductive enclosure in the manner

of a flexible bag around the circuit, into which the circuit is simply inserted to effect shielding.

The conductive fibers are sufficiently dense to obtain a resistivity of 10-! to 10-2 /01, thereby
obuaining attenuation of electromagnetic interferencs or "EMI" of 50 to 60dB over the frequency
range 30MHz to 1.0GHz. The conductive fibers forming a conductive face 14 are spaced from
at least one side of the flexible shest forming an insulating face 16 that is directed toward the
shielded circuit. The conductive fibers are coupled to circuit ground 18 via a suitable
connecting element (not shown) such as a’screw passed through the shielding envelope.

In the embodiment shown in FIGURE 1, two thicknesses of the sheat and its embedded
fibers are attached at their edges to form an enclosure 10 that is sized for at least one elecuical
circuit or device, such as a printed circuit card. Whereas the insulating face 16 is oriented
inwardly toward the electrical circuit, the shielding enclosure may reside very close~ io_ the
circuit elements and préferably rests against ceruain of the circuit elements. However, the
conductive fibers are insulated from electrical contact by the nonconductive flexible shest 16,

_and remain spaced slightdy from the electrical elements. This close positioning of the
conductive portion 18 of the shield to the circuits aids in shielding effectiveness. At one end
of the envelope, an extension or neck 20 can be provided that allows the shield enclosure ©
extend ourwardly, for example to accommodate conductors (not shown). At the other e;d of
the enveiope, a connector terminal 22 can be provided that allows an external element t0

operatively connect to the enclosed circuit card.

The conductive fibers can be metal fibers, metal alloy fibers, metallized svn:hetxc fibers,
- such as metal platcd nylon fibers, or the like. The conductive fibers ars embedded in the
flexible shest in an amount sufficient to form an electrically conducting layer while also
maintaining flexibilicy of the flexible sheet. According to one embodiment, the fibers are silver

metalized nylon fibers, for example with 24 to 30% by weight of silver applied by an electro-



the seam - 16 - 10. The shielding enclosure according to claim 8,
wherein the conductive fibers—are exposed to a conductive side of the

encl osure opposi wasul ating face, and wherein the se n1cogg%ises
a fol-d at whi WMEWNW\HS'“S of adj acenSubstititgrghest -t i May, 938
sheet are overll 4 18 sni el di ng entBosure conprising: an electrically
insul ating flexible sheet; a sheet of conductive fibers enbedded in the
fl.exi bl e sheet, the conductive fibers being sufficiently dense to obtain a
resistivity of [err] to [err]; the fib 1M8i ng spaced from at |east one
side of the flexible sheet form ng an insulating face; wherein the flexible
sheet and the enbedded fibers are fornmed into a | oose and fl exi bl e bag

W Th The i et a i aebthY SRS BroftnaRE e © o e
an electrically insulating flexible sheet;
a sheet of conductive fibers embedded in the flexible
sheet and spaced from at least one side of the flexible
sheet so as to present an insulating face at least on

said at least one side;

wherein the flexible sheet and the embedded fibers are
formed into a loose and flexible bag enclosure sized to
substantially surround at least one electrical circuit,
with the insulating face oriented inwardly toward the
electrical circuit, the flexible sheet following the
contour of the electrical circuit and the embedded
fibers forming a substantially continuous shielding

barrier around the enclosure; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit.

2. The shielding enclosure according to claim 1, wherein
the conductive fibers provide 50 to 60 dB attenuation of
electromagnetic interference having a frequency of 30 MHz to

1.0 GHz.

3. The shielding enclosure according to claim 1, further
comprising at least one neck extension of the enclosure,

dimensioned for passage of at least one conductor.



el ectrical etreuirt; the flexible sheet conformng |oosely to the electrical
circuit and t Ennf form ng a substantially continuous

shi el di ng barﬂ“{ﬂWﬁa‘“ ncl osure; and, means for coupling the

conduct i ve fiberseto acifcult ground of the el Substitte sheetui 15 Mav 1998
Substitute sheet - 15 May 1998 - 17 - atideast one neck exten5|on of the
encl osure, dinensioned for passage of at |east one conductor; and, wherein

the electrically insulating flexible sheet conprises a thernoplastic
material with the conductjye fibers enbedded therein, haV|ng | ayers

arranged to 4ef i nEh% SEatding eneloswre (RFFPEIERT | BAsFLIBAB &6 Mb@reln
encl osure a q?the neg gxten5|0£ and wherein the seam co rlsgs a nelted
and reforma(l}' ?necﬁ?_‘r’lﬁ t¥e t f&PRERI aé:tof"?rﬂﬁteerlaal DRRYERY €ebnd&&t i ve
fibers are i@l PE{SdEA RGNS Pihdilp, seam

5. The shielding enclosure according to claim 4, wherein
the electrically insulating flexible sheet comprises a

thermoplastic material.

6. The shielding enclosure according to claim 5, wherein
the electrically insulating flexible sheet comprises
polyethylene and the metallized thermoplastic fibers

comprise metallized nylon.

7. The shielding enclosure according to claim 1, wherein
the conductive fibers are sufficiently dense to obtain a

resistivity of 107 to 1072 @/0.
8. A shielding enclosure comprising:
an electrically insulating flexible sheet;

a sheet of conductive fibers embedded in the flexible
- sheet, the conductive fibers being sufficiently dense
to obtain a resistivity of 10! to 10? @/O, the fibers
being spaced from at least one side of the flexible

sheet forming an insulting face;
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12. A shieldin u t‘m“ﬂﬂrmm)y ng: an electrically insulating flexible
sheet; a sheet ﬂm m ibers enbedded in the flexible sheet, the
conductive fibers beirg fufficiently dense to obtain a resistivity of [err]
to [err], the fibers being spaced from at | eastSubstititedsheet +t & Mayxi 888
sheet formng an insulating face; wher<ils the flexi ble sheet and the
enbedded fibers are forned into a | oose and fl exi ble bag encl osure sized to
substantially surround at |east one electrical circuit, with the insulating
face oriented inwardly toward_the electrical circuit, the flexible sheet

bei ng non- nol ded WAeT&ifs ey £ eXAbee -Sh?cStIVBS?dlE_QS eqgeddgfdf+BEFBVAFS t he
ubst ant fal |y coREFMTSLERER: &1 HPRGS BHT | hEh T FPach 8 6 HEPHER BL28R O oans
for coupling thesﬁ%@@%%ttii\éﬂlv QE£§oﬁﬂdaat9 ilrecégtt one electrical circuit,

with the insulating face oriented inwardly toward the

electrical circuit, the flexible sheet being non-molded

and following the contour of the electrical circuit and

thé embedded fibers forming a substantially continuous

shielding barrier around the enclosure; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit; and,

wherein the enclosure is formed into a hollow envelope
by at least one seam, and further comprising means for
electrically coupling the conductive fibers across the

Seam.

9. The shielding enclosure according to claim 8, wherein
the electrically insulating flexible sheet comprises a
thermoplastic material with the conductive fibers embedded
therein, and wherein the seam comprises a melted and
reformed line along the thermoplastic material at which the
conductive fibers are brought into electrical contact across

the seam.



ground of the electrical—circuit; and, wherein the enclosure defines at

| east one acc ¥ further conprising an extension of the

encl osure adj Eiﬁ‘@mmm\openi ng and di nensioned to cover the access
openi ng, cond Ibers of the extension beibgbstituge sheet t || Sciay 2980

t he conductive fibers of the sheet of cqwgluctive fibers such that the
extensi on continues the shielding barrier across the access opening. 13. A
shi el ding encl osure conprising: an electrically insulating flexible sheet;
a sheet of conductive fibers enbedded in the f]|exible sheet, the conductive
fi bers bei n§9suf Thei efde]lddass encd osrg magausking i6a tGlaim [&yr rvhereinrr]
[err], the fibers being spaced fromat |east one side of the flexible_sheet
form ng an FREUCANWGH NG fibexs 1@re GrRPReY FRe 3 ISSRME W1 d©Ff he

enbedded flgﬁgsegéfosure 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.
11. A shielding enclosure comprising:
an electrically insulating flexible sheet;

a sheet of conductive fibers embedded in the flexible
sheet, the conductive fibers being sufficiently dense
to obtain a resistivity of 10 to 102 @/0, the fibers
being spaced from at' least one side of the flexible

sheet forming an insulating face;

wherein the flexible sheet and the embedded fibers are
formed into a loose and flexible bag enclosure sized to
substantially surround at least one electrical circuit,
with the insulating face oriented inwardly toward the
electrical circuit, the flexible sheet conforming
loosely to the electrical circuit and the embedded
fibers forming a substantially continuous shielding

barrier around the enclosure; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit;



formed into mm m bl e bag enclosure sized to substantially
surround at w mrl (u cal circuit, wth the insulating face oriented
i nwar dl y t owa# a elecfrital circuit, t he flexible sheet bei ng non-nol ded
and following the contour of the electrical cirSubstiutd shebedddMaypao9s
formng a substantially continuous shielxrng barrier around the encl osure;
and, neans for coupling the conductive fibers to a circuit ground of the
electrical circuit; wherein the conductive fibers conprise a nonwoven sheet
of netallized thernnplastlc fibers including nylon, the electrically

insul ating fl eX| @te Skrast ccm%% sBSCh t RtEBSIRt | ©fratthe al enatPaUrag

pol yet hyl ene; %ﬁp&hereln Ee enclosure s forned with at | east one_seam
at which the el eGimergioped, GFaP?ﬁﬁagFethﬁ¥aiﬁﬂﬁﬁ one rerdugtard ABfer ned
so as to joi-n the conductive fibers electrically across the seam the seam
defining at Ieast one of a neck extension of the enclosure di mensi oned for

passage of at % cggguc ﬂéc aln g% (§€i1 g&&% &8 Bﬁééhon of

t he encl osure |s acea nS|
comprlses a thermoplastlc materlal with the conductlve

fibers embedded therein, having layers arranged to
define at least one seam bordering at least one of the
enclosure and the neck extension, and wherein the seam
comprises a melted and reformed 1line along the
thermoplastic material at which the conductive £fibers

are in electrical contact across the seam.
12. A shielding enclosure comprising:
an electrically insulating flexible sheet;

a sheet of conductive fibers embedded in the flexible
sheet, the conductive fibers being sufficiently dense
to obtain a resistivity of 10! to 102 Q/0, the fibers
being spaced from at least one side of the flexible

sheet forming an insulating face;

wherein the flexible sheet and the embedded fibers are
formed into a loose and flexible bag enclosure sized to
substantially surround at least one electrical circuit,
with the insulating face oriented inwardly toward the

electrical circuit, the flexible sheet being non-molded



encl osure. ' - 15 May 1998 - 20 - 14. A shielding

el ectronic dev’j@hma!ﬁuﬂﬂ%;mat | east one electrical circuit carrying
circuit el ementy [ y rigid housing for enclosing the electrica
circuit; a flexible shielding enclosure di sposeSubstitutd sheet el16:Mdyc 2898
circuit and inside the housing, the shielgling encl osure I ncl udi ng an
electrically insulating flexible sheet wth a sheet of conductive fibers
enbedded in the flexible sheet so as to be spaced fromat | east one surface
of the flexible sheet formng an insulating face oriented inwardly toward
the el ectrical ciandufpllowangl thebtentowetoff dhe edegtirdced andchlibxanfle bag
encl osure conformng to the electrical circuit and the enbedded fibers
formng a substaﬁ@b@ﬂﬁ?d fibers forming a substantially continuous

shielding barrier around the enclosure; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit; and,

wherein the enclosure defines at 1least one access
opening, and further comprising an extension of the
enclosure adjacent the access opening and dimensioned
to cover the access opening, conductive fibers of the
extension being electrically coupled to the conductive
fibers of the sheet of conductive fibers such that the
extension continues the shielding barrier across the

. access opening.
13. A shielding enclosure comprising:
an electrically insulating flexible sheet;

a sheet of conductive fibers embedded in the flexible
sheet, the conductive fibers being sufficiently dense
to obtain a resistivity of 10 to 102 /0O, the fibers
being spaced from at least one side of the flexible

sheet forming an insulating face;



conti nuous shi el ding-barrier around the enclosure, the conductive fibers

bei ng suffiﬁientl nﬂ tain a resistivity of [err] to [err], the
flexible shi e\m m&‘\“‘ aving at |east one seam at which adjacent
port.ions of tlseE ivé sheet are arranged tSubstituiensheet -shd dvlay P98
barrier formed by the conductive fibersiacross the adjacent portions; and,
means for coupling the conductive fibers to a circuit ground of the
electrical circuit. - 21 - 15. The shielded el ectronic device according
to claim14, wherein the electrically insulati nghgl exi bl e sheet conprises a

thernopl asti c mwkerainuthe fhexiolritheste Fdbdihe amhagaad Hidesih 3xmd
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with the insulating face oriented inwardly toward the
electrical circuit, the flexible sheet being non-molded
and’following the contour of the electrical circuit and
embedded fibers forming a substantially continuous

shielding barrier around the enclosure; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit;

wherein the conductive fibers comprise a nonwoven sheet
of metallized thermoplastic fibers including nylon, the
electrically insulating flexible sheet comprises a

thermoplastic material including polyethylene; and, .

wherein the enclosure is formed with at least one seam
at which the electrically insulating flexible sheet is
melted and reformed so as to join the conductive fibers
electrically across the seam, the seam defining at
least one of a neck extension of the enclosure,
dimensioned for passage of at least one conductor, and
an access flap at which a portion of the enclosure is
displaceable to obtain access to an inside of the

enclosure.



wherein the seam bhorder I t one of an access opening at which the
sheet and embe (m H jiﬂﬂ“gﬁ?ﬁvabl y di sposed to expose or cover the
access openi ng, v tensi on of the enclosure, dinensioned for
passage of at |east one conductor. 17. The shi Substitetecgheadm t5dMay 298
according to claim 16, wherein the cordgotrve fibers conprise a nonwven
sheet of netallized thernoplastic fibers. 18. The shiel ded el ectronic
device according to claim17, wherein the electrically insulating flexible
sheet conprises a thernoplastic material. 19. The shje|] ded el ectronic

devi ce acco¥4li ng tehie i ind e lefler @i tIRVEFRctFPBRIISARNSul ating flexible
sheet conprises polyethylene and the netallized thernoplastic fibers

conprise netallized nylon. - 22 - 20. The shielded el ectronic device
according to clai

circuit atgn lféaé’@eroerixen teqeec%ﬁcégf Caclixcétficé'” tca%rx{gsesciaccqfij@t ed

element;

a substantially rigid housing for enclosing the

electrical circuit;

a flexible shielding enclosure disposed around the
electrical circuit and inside the housing, the
shielding enclosure including an electrically
insulating flexible sheet with a sheet of conductive
fibers embedded in the flexible sheet so as to be
spaced from at least one surface of the flexible sheet
forming an insulating face oriented inwardly toward the
electrical circuit, the flexible sheet forming a loose
and flexible bag enclosure conforming to the electrical
circuit and the embedded fibers forming a substantially
continuous shielding barrier around the enclosure, the
conductive fibers being sufficiently dense to obtain a
resistivity of 10! to 1072 Q/0, the flexible shielding
enclosure having at least one seam at which adjacent
portions of the conductive sheet are arranged to
continue a shielding barrier formed by the conductive

fibers across the adjacent portions; and,

means for coupling the conductive fibers to a circuit

ground of the electrical circuit.



card of a portable conTutér wherein the portabl e conputer conprises a

di spl ay couplrlmmmu m gl‘l ‘d circuit card by conductors, and wherein the
encl osure co

on neck surrounding the conduct ors and

ext endi ng towdrd° ths df sp ay. 21. The shi el ded Stbstitutensheetevi 8 dag d@98 ng
to claim20, wherein the display is novaply attached to the housing at a
pi vot, and the extension neck surrounds the conductors in an area of the
pivot. 22. The shielded el ectronic device according to claim 17, wherein
the conductive fibers are exposed on a face opposite fromthe |nsulat|ng
face, whereis. t ithel shielded electironinctieddseaaconndingveocerndot 3. pane

coupled to the circuit ground and hQV|ng at | east one el ectrical connector
for coupli nhereir|the elegtriceddint ingudatingek lexibis isheeta FEMPRASES t he

means for coupling the conductive fibers to the CIFQUIt round t he
circuit card thammoRkastic matarigie watinpha cordpctbe i @GWGﬁ%tive

fibers on the ex osed face . are cl a
ere:P c? wherein rg%ed agg{nnséorﬁé‘:‘?l&é’é‘”e“ Orel%ar}fl ‘and

reformed line along the thermoplastic material at which the
conductive fibers are'brought into electrical contact across

the seam.

16. The shielded electronic device according to claim 15,
wherein the seam borders at least one of an access opening
at which the sheet and embedded fibers are movably disposed
to expose or cover the access opening, and a neck extension
of the enclosure, dimensioned for passage of at least one

conductor.

17. The shielded electronic device according to claim 16,
wherein the conductive fibers comprise a nonwoven sheet of

metallized thermoplastic fibers.

18. The shielded electronic device according to claim 17,
wherein the electrically insulating flexible sheet comprises

a thermoplastic material.

19. The shielded electronic device according to claim 18,
wherein the electrically insulating flexible sheet comprises
polyethylene and the metallized thermoplastic fibers

comprise metallized nylon.
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26. The shielded electronic device according to claim 19,
wherein the electrical circuit comprises a printed circuit
.card of a portable computer, wherein the portable computer
comprises a display coupled to the printed circuit card by
conductors, and wherein the enclosure comprises an extension
neck surrounding the conductors and extending toﬁard the

display.

21. The shielded electronic device according to claim 20,
wherein the display is movably attached to the housing at a
pivot, and the extension neck surrounds the conductors in an

area of the pivot.

22. The shielded electronic device according to claim 17,
wherein the conductive fibers are exposed on a face opposite
from the insuléting face, wherein the electrical circuit
includes a conductive connector panel coupled to the circuit
ground and having at least one electrical connector for
coupling the electrical circuit to an external device, and
wherein the means for coupling the conductive fibers to the
circuit ground of the circuit card comprises at least one
clamping means at which the conductive fibers oh the exposed

face are clamped against the connector panel.




