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Electronic devices generate and are penetrated by electro-
magnetic radiation. In most cases, however, such radiation

" is an unwanted by-product of electronic activity taking

place inside the device.

Problems associated with electro-magnetic radiation are
particularly acute in the case of digital computing devic-
es. A modern digital computing device typically comprises
a large number of very small, active electronic circuit
elements such as transistors, switching state and trans-
mitting signals very rapidly. The number of such elements
and high switching rate generate considerable electro-
magnetic radiation. At the same time, the short time
interval within which state switches must be accomplished,
make the circuit elements particularly susceptible to
stray electro-magnetic radiation generated by other devic-
es. Such stray radiation can cause erroneous state
switches, or prevent switches that should cccur, resulting
in corruption of the electronic signals and loss of data.

In recent years there has additionally been concern over
the potential impact of such electro-magnetic radiation on
human health. While definitive proof of the nature of any
such impact is not yet available, various governmental
entities have proposed or promuigated laws, rules or
guidelines which limit the amount of radiation emitted by
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es. Such stray radiation can cause erroneous state swi tches, or.
prevent switches that should occur, resulting In corruption of the

el ectronic signals and | oss of dat a. In recent years there has
additionally been concern over the potential inpact of such

el ectro-magnetic radi ation on human health. Wile definitive proof of
the nature of any such inpact is not yet avail abl e vari ous

gover nnent al ent | ¥ ELeRERRRIS 8PHCEd oF t phoREFTHRIEI thahds PRFRsingPT-

gui del i nes which |innattiee consentinf thedeffecbnok wlettp-pyronddeorgdiagisn
- 2 - an electroni C pl6nee. avali 1h51 08618 mE Batwids WeHoRe! MSr@ BBEirRent .

concerning the effect of electro- nagnetic radiation becones avail abl e,

such limts will becone nore stringent - Various techni ques for

shi el ding el ectronic %eéﬁ}i"liésté‘fr@”ﬁﬁﬁﬁnf?ﬁ PHEIGIRY  SESFEToRIANPTECoF t 2T
known t hat solid, contiqwods hie¢ adrtencFosuerarpde. sif figikewnt Bhatk meddd,

provi de a good barrié&mntiguelseidtalbgneldstréatontduFficidame tat ckisdssh pro-

encl osures are costly; cgegv‘yood] QL. nowné r%%%?@-ﬂa@ﬁ@if@&?dﬂ&@npr q_{o%(,ed

osure

desi gn conS|derat|ons tic enc
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degree of protection.inferfetmhviti sp@éleaﬁ%rri#%‘qﬂeIcaPﬂdélrthfgfnt welghis

also known that a molded plastic enclosure having a con-
ductive coating {usually a conductive paint) will provide
some degree of protection. Although this solution is
relatively lightweight, the coating process, including
secondary surface preparation, can add considerable cost
to the device, and it does not always provide as the de-
sired degree of shielding.

The present invention provides an enhanced shielding
structure against electro-magnetic radiation and method to
manufacture said structure. It provides enhanced covers,
enclosures and similar structures housing electronic com-
ponents and providing a barrier against electro-magnetic
radiation.

More particularly the present invention relates to an
electro-magnetic shielding structure characterized in that
it comprises at least :

~ a first layer comprising a polymeric base wherein an
electrically conductive £ill material is relatively mnore
abundant, giving said first layer a relatively high elec-
trical conductivity ;

- & second layer comprising a polymeric base wherein an

electrically conductive fill material is relatively more
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coating process,

I ncl udi ng secondary surface preparation, can add

consi'derabl e cost to the device, and it does not always provide as the
desi red degree of shielding. SUMVARY OF THE

| NVENTI ON It i

or nore disadvantages of the prior art. According to one aspect of

the present invention there i s provided ah enclosure part for an

| ect d h pl lit f el ect ' ' i.ts
uter Surtace | ayer SHLABCed SarE i 5STok ATH Ay PR RrY BRI er

s an object of the present invention to aneliorate one

conprising an eIectrF§b$¢&°°@§ﬁﬂH8%?We ppd | material suspended in a

pol yneric base; an i

m ddl e | ayer di spose

an

nner surface |ayer.disposed internally to said device

and facing said el ectr@nitg:gdr cihjdrS q18pbsbd m&&eL@Y%l&OﬂmfstShﬂg @B8cond
el ectrically conduct

gve%f% Wg.g(ﬁ.m%grc! %ltasus :ﬁ:ﬂ salé r]f 611.” %oax relc%n? gger

ayer Sal I nner

having a first bound&F§* sﬁhbﬁé?,‘éillahltcﬁitla@tf tlW’ﬂtrh SE’a‘ﬁFeouFé%dl"d‘}e’iﬂ b‘fY%ﬂI of

the first boundary seph@mcisiancth @odpeand boindheyeisunf sameticallgnpactean t h
said inner layer at ght @fiit haseaond beywi%y swrfeageundeatd &quqgesalleyer

conprising a nagnetlgggcylg§ neag?f%gyvg y! ?ébné%9§ 3%g polynerlc

base,

wherein said

enc osu I on-

co-injection nolding of said Iayers, sald outer and i nner Iayers bei ng

connected to each ot Ree fvepdijes mweflates dcertbkeowanefacyaring swittogdods nerel C

base materials of sakHiéndial, sthuddhfe addve Nd¥cri BY¥ES SnBet80tHd) sl befing

enclosure made of the structure above.

The shielding enclosure may assume an arbitrary shape to
conform to the contours of the enclose& electronic compo-
nents of an electronic device, but a typical cross-section
comprises an outer surface layer disposed externally to
the electronic device, an inner surface layer disposed
internally and facing the electronic circuitry, and a
middle layer located between the outer layer and inner
layer. The outer and inner layers are of a polymeric base
material in which is suspended an electrically conductive
£ill material, giving the outer and inner layers relative-
1y high electrical conductivity. The middle layer is of a
polymeric base material, in which is suspended fill mate-
rial having high magnetic permeability, giving the middle
layer relatively high magnetic permeability and relatively
low electrical conductivity.

In,eperation, electro-magnetic radiation strikes a surface
layer, which reflects most of the radiation. The reflec-
tion establishes electrical eddy currents in the conduc-
tive surface layer, and a consequent magnetic field sur-
rounding the surface layer. The "magnetic field becomes
concentrated in the high—permeability middle layer, which
also absorbs most of the field‘s“energy. Because most of
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-3- contact wth each other and creating a continuous bond w thout the aid
of an additional bonding agent at all of the respective contacting
boundary surface areas, said | ayers being so bonded to forma single,

i ntegrated encl osure part. Accordi ng to anot her aspect of the present
invention there is provided an el ectro- 4#mgnetic shielding structure,

conprising: a first layer, said first.layer conmpri.sjng an_ electrjcall
conductive fill matertal e%%rsgﬁeﬁaeab?oﬁbggpb? &niaer iméd‘%%%gl;aygr’se%%ﬁ J"”r‘%{ﬁus,\llﬁy
said second | ayer c&®r ¢§F¥Fg“i§ﬁe‘él@ct1ﬂiebaqqydy CHRBERYES v @5 PFFWifatiey i tHie
suspended in a pol ynerse othaseinglet hayet bayeighdeopheeivitet wee riowapéerdd-r st
| ayer and said secondyliaygf, and separating said first and second |ayers
over substantially all of their length, said third | ayer having a first
boundary surface in contact with said first |layer at all of the first
boundary surface and Thg SelOFHr®othFRPFTETEPACE P Roftdedewiicn Batdirgecond
| ayer at all of the seoossk.bolinkEeyycoated faaphisai thighi cdndwaeritgonpm & Ng a
magnetical l'y pernmeablggifhddicMBLSS 113! iSHSREAASED B Rold Hr¥HBEHL oRBSE co-
wherein said shiel ding SLLUgtire o A LNEEGL00- ket £3r 1 RLIEd, By co-
i njection nolding of S_&I‘d 1 ayers, sal dl i 7S ,ax. _secoﬁd, ay PR
connected to each ot REHitH} IBJYSRLBPeRIS Baghilsl R IfFTER rindeuFke mead from
pol yneri c base nat erithks ighesaicg-injsttiosecontleand Thei rekshayerts beideg i n
direct contact wth eaghic@irReortinGr €As | figead CaPéiURYS A a¥bFI0ULet t he
aid of an additional cggn}gé rﬁgdégl%g{pgﬁsi@e&y Oifn tahglrygq%pgg-tfn\ﬂgc@&%t ﬂgiélql%
boundary surface . : . . o
operation. The enclosure may comprise multiple co-injec-
tion molded pieces, which are attached together by screws,

snap-tabs, or any of various conventional means.

Fig. 1 shows a cross section of a typical electronic de-~
vice which is known in the art;

Fig. 2 shows a cross section of an alternative electronic
device in a logic card "book" assembly also known in the

art;

Fig. 3 shows a cross-section of a portion of a shielding
structure;

Fig. 4 depicts a co-injection molding apparatus used in
the manufacture of a shielding enclosure using the shield-
ing structure shown in Figure 3.

Figqure 1 depicts_a crogss-section of a typical electronic
device 100 which is known by anyone skilled in the art.
The device may, ‘e.g., be the system unit of a small com-
puter system known as a personal computer. Device 100
comprises an enclosure, which in this example contains two
pieces, a base enclosure part 102 to which the internal
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areas, said |ayers being so bonded to forma single,

part.:

there is provided an electronic device, conprising: a plurality of
electronic circuits, said circuits being capable of generating

el ectro-magnetic radiation; an enclosuresfor said electronic circuits,

I nt egrated encl osure
According to still another aspect of the present invention

sai d

encl osure conprising one or nore enclosure pars, wherein a first enclosure
part conpri ses:

ot er 1 2l sUspended i'mih e VAsUBe hEE Ched coycpEIgEL Babs dpe
eﬁ°88f;$)e niwggéegF%e %ﬁfd(’?“ﬁﬁ? nbbé;asl‘ﬁrgr%%t r%%i & Ef?stﬁf’i ts,
| ayer cd#gr isiergaancaipesertcal EpctyivaacrPinte 9111 %areevia-
suspended in a pol yneyi eléase-méfiktic shielding as more explained in con-
-4-  (c) a mddle | auee;dl spasediBeiyesn sal de ikeicdiayel r-aitheaal d dyaner

mat eri al suspended
internally to said

sai d i nner

| ayer, and having a _first . boun
o]

dar
of the PP SRR

| ayer at all

SSUI’ ce In_contac said outer

(a)conpomaiiter akaypsurtiespoasd @xtw@ipeal kyclasusai gaed exxtir oni ¢

o) fglse a_ power sut fM %Q3 fo1e]
L UTFRee aRdPa s 8CNd potndary s ace

in contact with sai #arnhet Papsiradity) ¢f oiirepet seEdhd VodPRlarpd simingee,
said mddle | ayer comperesimmgctinyaghet¢oailiy @ordseabl e {Thel| imeirenl adir-

suspended in a pol WiRElf LASEomMALELED wEhUofidrSb1eNGASH I ERBEL dugnan

| nj ect on-mol ded par, §OLITRA.OYG0tund BhECHAN FRIALDG Ohodll I k8Y Uik

outer and

i nner

| ayers bel ng connecte

one or more interface cables 110. It should be understood
that device 100 may include other components not shown,
such as disk drives.

Circuit cards 104-108 comprise a plurality of electronic
circuit components which perform the logical function of
the device. For example, in the case of a personal com-
puter, such components will typically comprise a proéram~
mable microprocessor chip, various memory chips, crystal
oscillator, various filter capacifors and resistors, driv-
er chips, etc. Components such as a microprocessor chip
and memory chips typically contain a large number of very
small transistors on a silicon wafer, switching state at
very high speed. The state changes of the electronic
circuit components on c¢ircuit cards 104-108 tends to gen~
erate electro-magnetic radiation in the radio-freguency
spectrum. At the same time, such components are very sus-
ceptible to ambient radiation. In addition, components
such as power supply 103 and fan 109 tend to generate much
lower frequency radiation.

Enclosure part 101 is shaped to enclose the electronic
components, and ‘to satisfy any other appropriate design
constraints such as heat transfer c¢onstraints, aesthetic
appearance, etc. While parts 101,102 are are referred to
as enclosure parts, it should be understood that they do
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edges of said first enclosure part, said polyneric base materials of said
outer’, middle and inner layers being in direct contact with each other and
creati ng a continuous bond without the aid of an additional bondi ng agent
at all of the respective contacting boundary surface areas, said |ayers
bei ng so bonded to form a single, integratfed enclosure part.

brovi ded an’ it egr at S ni AR nalt opE e bar; Sheicel L BleceBhie fompert oo
Pegi on adj acent agfl r §Fntss'uFP%c9é’ern%saf“GY rﬁi‘IldEdi’bggF e’?&%ﬁ“‘f‘? T sEOE U Rlce
regi on conprising an electkquyats yll@oAdertadypear fdn A8P epexalitsadperrdeddown a

pol yneric base; an segppsldhUEh&Chcl6QiQN agf %ﬂld?afs%CEQChncﬁalﬂsf:@&E tahtsai d
mol ded part, said secepd SuELace QS&{‘?Ja?P&%'llt,fozs%d dﬁ ldh2lo F«gﬁavﬁ' 'd

second surface region conprising an efectrically conductive

suspended in a polyneric base; and a m ddle region di sposed between sai d
first surface regi on anhd- s?aiSUOW$eoomesmﬁa@eimm@imem;amhdfm ddeeshiedidon
conprising a magneti cahyyeRQodBad € fi ldnigblpbdédiinentiSpRNUNE 1bBuR RRlYEEr i C
base, wherein said i nbgorAled, JalAad BOLIIREL Ca Pafdcub® LdLEHI! | hichS 18"

i njection nolded part forned CO-1njection avin

mol d cavity, said paPf” ha&bi AgtaE IBErTRERBRYT §Pi§beé“ co If%lr°ﬁ'1uﬁ§ ‘fa&tlsh%ms%ﬁ fe of
the nold cavity, sai dPfpyisle maghpnicebniirpart of® rdgtroits dsefingtZomsectedd to
each other at edges ohkssdiedtisHraghatiedsiDdidadg $0leypRLinedpPid tmore details

According to still angfhgsRSPRG! +2fn lfGuPL 85Nk bm&&tp%é REER Efccuit
provided an electronigc %ew ce,.conprisi Q:%tamé%f ulrnal i thenQ: el egt roni G

F assemb11 i)are c ectronics
circuits, said circuifs
complex of a computer system, each card assembly providing

different logical functions. Such a card assembly is
known as a "book"™, and is described in U.S. Patents
4,821,145 and 4,481,146. However, in the aforementioned
patents, construction of enclosure parts 201,202 in accor-
dance with the present invention is not disclosed.

An enclosure for electronic devices should form a barrier
to electro-magnetic radiation of wvarious frequencies.
Electronic logic circuits contained in circuit cards 104~
108, 203 generate radiation of relatively high frequency
(above 1 mega-hertz). Power supplies, fans, and other
components generate much lower frequency radiation. In
addition, many different high and low freguencies are
generated due to the complexity of the device. To con-
struct an effective barrier to electro-magnetic radiation,
it is desirable that the barrier have both a high electri-
cal conductivity and a high magnetic permeability.

Shielding of electronic components generally does not
involve waves but energy, since the distance from the
radiating source to the shield”’is so small (generally
below'6cm) that near field conditions are dominant. Since
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of generating el ectromagnetic radiation; an enclosure for said electronic
circuits,*said - 4A -
encl osure conprising one or nore integrated nol ded pol ynmeric encl osure
parts, wherein a first integrated nol ded polyneric enclosure part is an
injection ol ded part integrally forned,by co-injection nolding in a nold
having a nold cavity, said part having a pernmanent shape conformng to the
shape of the nol d cauktyaveantgthereéTeciabengametic cadpatioasat PloHs aftiHey Of
integrally formed |gyepsnifn QA QF BRE CsRULVIRT piodiReg PRIEH1BLE o184l d

| ayer s bonded t oget 3er b%/ I nt er mpl ecul ar for.ceg ff 3gal d R I%{rrer|§_ ase
materials, said |ay&fs" r'fc?f“ﬁ?ﬂe%? (D) *BREBUT&r*tayer U SES ed%eRtEFal |y
to said el ectroni c ¢evPEEY 84 theoprapongniy Eienpyitl iy ahiwidecTh¢ ciarl y
conductive fill mateiead wuspended waveastartst optsideethe dpatesure( d as i nner

l'ayer disposed internghly i &M deRl GGt 1001 Ceffadted 32dha6iHA SR Gne

el ectronic circui tsﬁh.gfcid I nner | ayer conprising an electrically
conductive fill matéri& 'suspended in a second polyneric base; and (c) a

m ddl e | ayer di sposed between said outer |ayer and said inner |ayer, said
m ddl e | ayer conpri Silagt@-nagmnsaticc ahliyldiegndabkhecéndllishat ewheal ssuspmrded
in a third polyneri gnR@sshe $a1 €heOWhPloraBTedtHRChadrRNE SeRyh GorC @RALLEL tO
eaC[‘ other at edges Qf; sald [1¢:3! JOLEILGlLd P! ded; RALNTRLIG &ic!Qzure
part. : impedance. A material of high electrical conductivity
reflects the electro-magnetic energy. A material of high
magnetic permeability absorbs the electro-magnetic energy.
Every surface with the mentioned characteristics attenu-
ates the energy by a certain amount, so that a sandwich of
several layers with the same characteristic or a mixture
of the two characteristics of conductivity and permeabili-

ty is useful to achieve the required shielding.

A single high conductivity layer is generally less effec-
tive than a sandwich because it simply reflects most of
the high frequency energy without dampening it, and may
transmit too much low frequency radiation. The reflection
egtablishes electrical eddy currents in the conductive
layer, and the resultant fields can transmit the radiation
outside the enclosure. Additionally, the high freguency
energy trapped within an enclosure having a single highly
conductive layer has a tendency to leak out via intercon-
nection wires and other apertures in the enclosure. A
sandwich of high conductivity and high permeability layers
forms a more effect;ve barrier to this type of radiation.

Fig. 3 shows an 'enlarged cross-section of a portion of an
electro-magnetic shielding structure, according to the
present invention. This structure comprises an outer sur-
face layer 301, an inner surfacé'layer 303, and a middle
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According to still another aspect of the present invention there is
provided an el ectro- magnetic shielding structure, conprising: a rigid,
integrally formed, self-supporting shielding nenber having a permanent
shape, said permanent shape being nmaintained by internal strength of said
shi el di ng nmenber w thout support from a canffrnirg sur;afe of anotreé

obj ect, said shielding nenber co r|S|ng a plurality o ayers,_ including:
a #irst | ayer, said g?Y?ﬁ $U et Bﬁﬁ%rPEYWﬁjn (Fh&| QUERT cARFEASEONGYEE i ¢Baf | | |
mat eri al suspended i nimrempoiurfieed clyyeseand $ecoentacayeith saaidl segendahayer
conprising an el ectri gahdry 16p8pductive fill material suspended in a _
polyneric base; a third | ayer dizp?sed betgeen SahdlflrSt Iayeg ?Rd ds?ld
second | ayer, and se rat| sai irst and secon ayers, sai ir ayer
havi ng a 1¥i r st boungg 3% | 5HeEbTRARmGich Tegi Fiory Strikgfer foht| of
the first boundary suF?Qﬁﬂytawﬁwa:ﬂgéeeﬂdlmbundamyCEuréﬁ&aytsnmoantaﬂttmeth :
sai d second | ayer at ﬁidlazﬁoﬁruhﬁme&ﬂadmhﬂﬂnéaﬁy sellnf gegrionaiod ki rdrhayer

conprising a magneti caltedpReseahl.gifild e%rtwéa SUéd%?ﬁdaﬂ LA 50 tne
W N

- 4B - polyneric base rein s I's an 1 njected-nol ded
part formed by co- a,%%u’{é 18 r‘?b"ffg??\eg aé’ﬁfd ¥ r§t°%f}f&q§%‘&%ﬁﬁgP§§r’€r £ipding
connected to each ot hé‘r‘rrﬂmé%@esthéf sgpfare diaver di ngonrerferthes&rangucicyedri c
base materials of saidadiatstn BSecamd asflddiieddby ayted SudkRcé Nlayer on the

opposite side, establishing similar, although greatly
attenuated, eddy currents. The magnetic field induced by
the eddy currents becomes concentrated in the high-permea-
bility middle layer, which also absorbs most of the
field's energy. <The surface layers, which have moderate
permeability,'are also able to absorb some of the field's
energy. Because most of the energy is absorbed in the
middle layer, radiation is not transmitted by the eddy
currents and will have a reduced tendency to leak out of
apertures, as occurs in the case of a single layer of high
conductivity and low permeability (e.g., a conductive
paint on a molded plastic part).

The surface layers 301,303 are of a polymeric base materi-
al in which is suspended an electrically conductive fill
material, giving the surface layers relatively high elec-
trical conductivity with respect to air and with respect
to the middle layer. The middle layer 302 is of a
polymeric base material, in which is suspended fill mate-
rial having high magnetic permeability, giving the middle
layer relatively high magnetic permeability and relatively
low electrical cohductivity with respect to the surface
layers. In the preferred embodiment, surface layers
301,303 are approximately 0.7 to 0.8 mm thick, while mid-
dle layer 302 is approximately 0.5 to 0.7 mm thick. Howev-
er, it should be understood that thicknesses may wvary
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direct contact with each other and create a continuous bond w thout the aid
of ari additional bonding agent at all of the respective contacting
boundary surface areas, said | ayers being so bonded to forma single,

i ntegrated shielding nenber. According to still another aspect of
the present invention there is provided & nethod for manufacturi ng a

mul tiple |ayer el ec%%ggg;ﬂﬁ%dsgjﬁgéﬁiggb erégl%t HELctGPOPrdrdl BOhd Nenakeps

of : providing an injection no f ape for said structure;

| oadi ng an el ectri catff§PriEbHAUEEFVEFi 11 material suspended in a pol yneric
base material in a hopper for an outer nozzle of a co-injection nolding
press; |oadi ng a magnet tiealgrys@arade akb&d freht , Mt rdoakmesits paneeghtiarial

polymeric base material, i §,3n50R8k:EOE AN 10EL1O0ZELE 1 Qe 60~ hoUARL! ON
nol di ng press; form ng sal 5

structure by Injecting .into said injection nold
with said outer noz% ?&F'B‘Céﬂléﬁi%’ & ¥§ ’B%ﬁf&ﬁ’é?‘?\}:é’a%i e r’f’&?%r‘%‘%ﬁenal
suspended in a pol ynee iz Higsd ofathEi apd tdedgcarhopatfg heytes Ipryeripadely he
structure, concurrenidy by tdidghj BB iang 603 ®ySwdidrhinpeigichovormed stickhasai d
| nlner nozzl g sal ?h“agﬁf@éab_‘?c@' LXseP%é‘F&QlE? il hapRdiul %‘omﬁ%‘%‘i'ﬂi’f’db&”D@w
pol'ymeric base thus_form n_inner la ructure. .
According to yet anoﬁ%‘?cﬁgp ero{"k? ﬁ’ém%?%gé’e%[’%g%%h SRt Harelt S99 ded

a nethod for manuf a8t oFERESEedetiat PFORAGITEEF PEATEr i AGtetiddét eRE9hBei ng
outside | ayers of higédd/ incd@ciribnad Witic dir@dupteseatmtwntabnand i nt er nedi at e
| ayer of ferromagnetic material, wherein an injection nold of suitable

shape 1s constructed,fof esgi Qféxtzfe'é‘:teﬁw 1n2lRr a&&:%raicéeﬁg}é}st 'f%ﬁfr ids con-

conprises the steps of: !To di ng an_e ecc%rlcafl conductlve firl1 naterial

suspended in a pol yHEW PRPESEINAIEAY 4P%i hyawﬁ%ﬁ‘ﬁeﬁlﬁ?l“ﬁaﬁ%ﬁ efraREPe of

a co-injection nol di fitPgysessnd goetween 10% and 20% by weight carbonyl iron
powder, with the remaining 60% to 70% by weight being the
polymeric base material. Suitable nickel-coated graphite
fibers average 5 mm in length and 7.6 micrometers in diam~
eter, and are available commercially from American
Cyanamid. Suitable carbonyl iron powder is a fine powder
commercially available from BASF. It should be understood
that the type of filler materials stated above and concen-
trations of such materials may vary. For example, fibers
of different size, or different composition such as stain-
less steel, may be used in place of the nickel-coated
graphite of the preferred embodiment.

Surface layers 301,303 require a relatively high conduc-
tivity. The resistivity of the surface layers should be
no more than 5 ohms/square, and is preferably in the
neighborhood of 2 ohms/square. Because nickel-coated
graphite fibers are a relatively expensive filler material
{when compared to the cost of carbonyl iron powder or the
base ABS/polycarbonate polymer), it is desirable to use no
more nickel-coated fibers than nécessary to achieve the
required conductivity. A composlition containing 20% nick-
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constitute, a plurality of outside |ayers; |oading a magnetically perneable
fill material suspended in a polyneric base material in a hopper for an

i nner nozzle of a co-injection nolding press to constitute at |east an
intermediate layer; and injecting into sai? i nj ection

- 4C - nold with said outer nozzle said electrically conductive fill
material suspended in #i-cpatadrarhghiRaseiv@iess altatednboreeid lsyufdidiRns to

injecting into said ingetl ol FRLAMAER, S dul AR 100%%] So5H03 ERQRRLLgal Iy
perneable fill materia] suspended |/|a olayrreghlc base. i K

DESCRI PTI ON OF THE PRE ENBRETS &3t the f%?cel dREHReHFEr Gegtes
section of a typical ethayeroliéfereptcdhipkressies |foviibe rurecar faver may
Fig. 2 shows a cross sexfuipe @fifpsrenltt ecdnzenveataloast rafni comtdaciteéee | :a1kpgi C

card "book” assenbly @l3Q;kNoWedBobi Ach: powder fF Bdadda SBOWR sursace
cross-section of a portion of. a shiel dé@.gciséglgyc Y5 Chateri depicts a

Fig. 4
co-injection nol di ng apPRCEt U ud%dH A%The *Ranuract Ut e 5ft atosfgﬁflcé]fecflsﬁgthe
encl osure using the shraPgthe PerreRRGEEY shown in Fig. 3. Figure 1
depicts a cross-section of a typical electronic device 100 which is known

by anyone skilled in the HibarelNGydeViLantBYded t& abb&H RBSYSL R WRI L, 0f a

smal | computer  system.qioup,2s 3:PHAN3k SONRYLE . RRM GRA0OSYIILEES

an encl osure, which in this
bility. In the preferred embodiment, the middle layer
comprises carbonyl iron powder suspended in the base
ABS/pclycarbonate polymer. Because high permeability is
desired, the middle layer should contain as high a content
of carbonyl iron powder as can be supported by structural
and other constraints. In the preferred embodiment, the
middle layer contains 88%-92) carbonyl iron powder by
weight, the remaining 8%-12% by weight being the base
polyner. The carbon&l iron powder of the middle layer
should be of the same type as that used in the surface
layers.

It is preferred that middle layer 302 and surface lavers
301,303 contain the same polymeric base material. Since
the electro-magnetic shielding properties are due to the
filler material, there is generally no reason to use dif-
fering polymeric base materials. The use of identical
base material promotes good bonding between layers and
helps avoid problems that may arise due to different ther-
mal expansion coefficients, different setting tempera-
tures, etc. However, it is mnot necessary that the
polymeric base materials in the different layers be the
same, and as an'altefnative embodiment such base materials
could be different.
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exanpl e contains two
interhal °

nount ed, and an uppe
case of the systemu
and encl oses t he
I ng el ectro-nagnetic

pi eces, a base enclosure part 102 to which the
5 conponents are

r enclosure part 101 whi ch forns the visible outer
nit, and together with the base piece 102 surrounds

i nternal conponents.ifnclosure parts 101, 102 prov
shi el ding as nore explained in con- nection w

d-
th

Figure 3, are el ectrifdghry geepinfeda co-Thdection prasens|usednpon arkinge @wpri se

a power supply 103, aleeetd-iggneticl ahi2d@ingd rutalde Vinofadzioraatde Cairths

104-108, and Wiring the ifkeLOQANGGHLAGdRE Cla CaiskalAf dshabbl. sIEcdyer nal

cir- cuitry can
cat hode-ray tube dis
i nterface cables 110
I ncl ude ot her conpon

cards 104-108 conpri §&;8n PldIgbi §350hn8! SELEOSE Ghe pait t6UbL £AABRYNERHSS

whi ch performthe |o
case of a personal c
a program mabl e
oscillator, various
etc. Conponents suc
typically contain a

co nicate with other el ectroni.c devjces such,
SRAPs o4 o rEmH trdnS Bt i BPke R PEHET A0 U gnea
anft fahrdghted ecaarfingt Bogonventigpel deghraupgoasre

as a

abgn 0L tBolowmt,. MoldSdCh desiskss kndiriteesal cavity @ozcuit

I.n

|, f t _of . Lhe d , ;
%Iﬁgz%alnsugﬁ? Ié.?r,n 'r%%ﬁghorl 5 185 U0y g:\%c‘ ltﬁg;n?@(e%g?;e%aov Sti se

] conponent’s ™ pi C
5% cRpridédel sar TeRrporipaFiouseHENTOPPeRi Per daystbel

t he

fimljeetedcapaci tors and resistors, driv- er chips,

h as a m croprocessor chip and nmenory chips

ltﬂifarc%tg:i.rrx'l }le@?gn Oonz\{z?g yassemb%MdtL t_l.rsaﬂééds ttoor %.n?gct?‘ a%i-l

wafer, switching state a

propriate thermoplastic resin compositions into the cavity
402 through orifice 403. In some cases, multiple nozzle
assemblies 404 may be used, each injecting resin composi-
tion through a separate orifice. Each nozzle assembly
comprises two concentric nozzles, an inner nozzle 405 and
an outer nozzle 406. The concentric nozzles are fed mate-~
rial to be injected from separate hoppers, enabling the
nozzles to inject different compositions, which is in fact
the purpose of co-injection. The composition injected
through outer nozzle 406 will line the edges of the cavi-
ty, becoming the surface layers of the finished molded
part. The composition injected through inner nozzle 405
will form the inner part of the cavity, becoming the mid-
dle léyer of the finished molded part. In the preferred
embodiment, the high conductivity composition of nickel-
coated graphite fibers, carbonyl iron powder, and
ABS/polycarbonate base is injected through outer nozzle
406, while the high-permeability composition of high con-

i con

centration carbonyl iron powder and ABS/polycarbonate base

is injected through inner nozzle 405.

Although the typical cross-section depicted in Fig. 3
shows the two surface layers separated from each other,
the layers are in fact connectea. to each other at the
edges of the molded part and at 5ny through~holes that are
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very high speed. The state changes of the electronic circuit

conponents on circuit cards 104-108 tends to gen- erate

el ectro-magnetic radiation in the radi o-frequency spectrum At the sane
time, such conponents are very sus- ceptible to anbient radiation. In
addi tion, conponents such as power supply 103 and fan 109 tend to
generate much | ower frequenc%/hradi atiaon. Enc| osure part 101 is

shaped to encl ose t he "8t rigkpcthe PaEhnpoEht 8, SERECT P S AF1 3 v RERY EeR Mfer
appropriate design copeemienge e thecho-dd jhebion papsdssr codhsts alne spec-
aest hetic appear al&earftﬁ'o MW |Rinpaldrs 0 lnk02aat eridte 1R &on@lctiFe

as enclosure parts, §EQ&% q . 2?1-&1%9"&%8 dt %Eehré%y d0q I&QC% g&cl@l?on-
y CO

6 not necessar|l |'0se t nic,_co S,
and openi ngs may exi st**Fh ”r?'ea*én‘a Eﬁ?’é’heﬁ%rar&ﬁﬁ'f i 1S?ﬁvé‘nt %‘?Jvers 112

| ocated near fan 109 permt air to flow through the enclosure. It
shoul d al so be under stiao@hé hideferred RebouLHRAE , OfheS Ua el Tsﬁlém:néoatﬁd%-an

encl osure may vary. e Hi9- 1n%e§th|9> md@&t%ﬁ@%'xecbﬂ%@%@%@t QL 0

t he shi el d- i ng encfosure t gg o ncl osur.e %?arts
201, 202 are used to eREPETE a Ef’r’(fh’lef ’c°é} Je2u9 \Hﬁf"'ﬂhs he “mo 1550 P
| arger conputer systerfe Epetedsinmea gdpgie XFpp20gesulting in a lOW‘Cost part.

In the alternative, such a part could be formed using
double-sgshot or triple~shot injection molding, in which the
part is produced 'by multiple passes through different
molds, as is known in the art. As a further alternative,
such a part could be manufactured by multiple steps of
pouring the different layer mixtuz:es into a mold, and
waiting for each layer to set .before pouring the next
layer. Additional techniques exist for the construction of
layered structures according to the present invention.

In the preferred embodiment, three layers are used to
construct a barrier to radiation. The three layer con-
struction is favored because it is easily and inexpensive-
ly fabricated wusing co-injection molding technigques.
However, it should be understood that barriers having a
different number of lavers could be constructed. For
example, it may be possible to construct co-injection
nozzles assemblies having three concentric nozzles, making
a five-layer sandwich possible. Alternatively, additional
layers could be constructed with multiple-shot molding
techniques or by other means. Other factors being equal,
additional layers achieve a higher degree of shielding
because each layer effects some attenuation of the electro-
magnetic. radiation. However, additional layers also add

cost. The choice of number of layers is a design option.
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provi de nechani cal support for circuit card 203, as well as

el ectromagnetic shielding as explained in nore details i n connection
with Figure 3. A plurality of such circuit card assenblies are
contained in a central electronics conpl ex of a conputer system each
card assenbly providing di fferent |ogigal functions. Such a card
assenbly is known_as a "book", and is described in U S.  Patents
4,821,145 and 4, 481, Iuetherptinirsred| ephodéneftor hentdvsned shielgiperittauc-
constructi on of encl osuree ofathies p28deR0Aniventde00ts part danoe enclbisuree for

present invention is Qoteidkefdfitedevice, wnith @Af! OS2 bPEtRkeeit&ofiic
devi ces should forma 'g)maro%grs £r té)mb%l ectro-magnetic ;g(gdc%t 1,00, oifo var L ous
frequenci es. El ec‘frd’m & Togi e citedrts contai rfeg§> iACIrcllit cards®104-
108, 203 generate radfaftipdhonf i1 dtey @lecH G A&HlRhcy HoweveapoFech a
mega- hertz). Power suppldwésh-Yikesshianidiod aructurec oopbhcrd sisgénix adpplikich

|l ower frequency radi atdRns okRer thAHdbid@Roni@NYedidel e&Rbshigh ando) ow

frequencies are generated_due. t.a.the_conpl exity of,.1he, deyi ce. T
con- struct an ef ?’gac Ve %a;sjrr”ieel%l?% 2 %122? ?E?raag%cgtrflén? adi a)fllleorfresengit

is desirable that thelBb%Ptiet AV B6eA W RifferEcisflect radgigfion along
conductivity and a higtrartgmetarcpper.neddidn tgditional Shmpleli ng déleteri-

el ect rORI Cd_cormonen]g soxgaerhgrfa&s/ ﬁy)gﬁm&_@thealthl BY0| v s}é@was;brée@mr @Yon .
since the distance fr Lhe r.adi gt ng sguree ta the. s . S
(general ly bel ow %([:Brﬁ tﬁa‘%o r?é’griﬁlézﬁggc%ngi tcfons?r ar e c?%lnginotsn.‘ %P?\lgg
RO 9 91 075 shi€lds may be used for protection of humans from ambient

radiation.

Although a specific embodiment of the invention has been
disclosed along with certain alternatives, it will be
recognized by those skilled in the art that additional
variations in form and detail may be made within the scope
of the following claims. .
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7 , the wavel ength of electro-magnetic radiation at 1 GHz (the very

hi gh end of the spectrum produced by typical elec- tronic corrponents}
is approximtely 30 cm there is direct coupl i ng of

fields with the shield, The far field or radlatedwa

the enclosure and is caused by the ene{‘?y not reerctng"m

t he shi el d. El ectro-magnetic shielding is acco

surfaces that are in the way of el ectcmammgnetic energy or radiated

el ectro-magneti c waves repr esent a discontinuity of |ow i npedance.
material of high electric o uct|V|t the el ectro- magnetlc'
energy. A nateri al oftlhl A 9e<9-_ Gt e p Er?ﬁelggifl’rri REEFscharacterized

el ectro-nmagnetic energy. m ’E%’erl emprraeesm Fie%ﬁ’rfe rrentl oned
characteristics attenu- ates the energy by a certain anount, so that a
sandw ch of several | @Qﬁ§sﬂ“ﬂa@e§h@on§fi‘ﬁ§n?”@r ﬁ@iﬁd’e‘rﬁ:'ﬁa&r wﬁeml)ﬁt ure

of the two characteristics lg{:dlc.on%ctl V'cﬁ%t maﬁ ¥ I s useful
to achieve the required shi hi e{‘,l(ﬁ‘}dd@t Fortyivedyer
is generally less effec- ’“°retii9‘é‘d?ﬁ5n %1V§§ﬁd§\i"é’n fﬂéé‘éuls%yqrt agirgpitively
reflects nost of t he hiigh dlegguisrdly cembragyvidst;hout danpening it, and
may transmt too nmuch | ow frequency radiation. The reflection

establishes electrical ed@ysgégr{ﬁlerﬂ;gd! Qoﬁupleisgggdu% :imaerzc bas"’leyg{m%g{‘h?xgaﬁ he

resultant fields can trans e theen

Addi tional Iy, the high fr&G8eHdyattY emsrghits dipdamareriat 48 emtatdyeie
having a single highly mope rRyeLrYe |dyéng raddaseamdehayert @ ebdtivdly Vi a
i ntercon- nection w r asgland eothitalapaiduttecity) ske encl osure. A
sandwi ch of high conductivity and high pernmeability |ayers forms a nore

i ier hi r adi
effective barrier to t sat %Qle.d OIaye%de%po%ed between said first and second

layers, and in contact with said first and second
layers over substantially all of their surface, said
third layer comprising a polymeric base wherein a
magnetically permeable f£fill material is relatively
more abundant, giving said third layer a relatively
high magnetic permeability.

2. The shielding structure according to claim 1, charac-~
terized in that :

- the first and second layers comprise each an electri-
cally conductive fill material suspended in the
polymeric base;

- the third layer comprises a magnetically permeable
£fill materia; suspended in the polymeric base.

3. The shielding structure according to one of claims 1

to 2, characterized in that the magnetically permea-
ble fill material comprises carbbnyl iron pdwder.

RO 9 91 075
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el ecfro- nagnetlc S ture, according to the pr esent

Fig. 3 shows an ahn ﬂ?p@iﬂsie@mlon of a portion of an

i nvention. This st ses an outer sur- face layer 301, an
i nner surface |ayer 3083, and a mddle RO 9 91 075 .

8 | ayer 302 | ocated bet ween t he out e¥> surface Iayer and I nner
surface |ayer and in cont (A salcjct ers.
operation, el ectromagnet |fﬁ1 mc& GOl acﬁordhmg Rl °5:18'n° UCERUTE

surface |ayer, which refl%cﬁrs no§’f‘aﬁ?f°tﬁﬁezed ing aﬂ?*at‘frt?n elaftricpahg rids some
smal|l portion of it. Thinctive rigflllesatariagst edpirirshesniglkettedarall @ckbh-
currents in the condugdel ¥epsswr face | ayer, and a consequent nagnetic
field surroundi ng the surface layer. Sone of the transmtted

radiation is also reflected by the surface |ayer on the opposi te side,
establ i shing sinilar > al t%u@gﬂeglfdé’a‘i |§Fructurg FEﬁ%léé tedayortiofentains The
magnetic field i nduced byl to ¢hecttygtevizagntin bdwdnethec grodendériat athsien t he

hi gh- per mea- bility raddkeslayeprivhi £b1ahaconRssr iss PBSFcLbobiie .
field s energy. The surface |layers, which have noderate perneability,

are also able to absarb sonme of the field' s energy. Because nost of the
energy is absorbed ifi-thd® Steqfrgarasnelyer SPigias | PEUTRHEOF T AR stiacted by

t he eddy tronic device haylng a plurality of electronic cir-
cuits, characterized in that it is made of the
electro-magnetic shielding structure according to
anyone of claims 1 to 5.

7. Method for manufacturing an electro-magnetic shield-
ing structure, wherein an injection mold of suitable
shape is constructed for said structure, character-
ized in that it comprises the steps of :

loading an electrically conductive £ill material
suspended in a polymeric base material in a hopper
for an outer nozzle of a co-~injection molding press;

loading a magnetically permeable fill material sus-
pended in a polymeric base material in a hopper for
an inner nozzle of a co-injection molding press;

injecting into said injection mold with said outer
nozzle said electrically conductive f£fill material
suspended in a polymeric base material, concurrently
with injecting into said injection mold with said
inner nozzle said magnetically permeable fill mate-
rial suspended in a polymeric base.

8. Method of claim 7, wherein said magnetically permea-
ble fill material comprises carbonyl iron powder.

RO 9 91 075
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currents ard w Il have a reduced tendency to | eak out of apertures, as
occurs in the case of a single layer of high conductivity and | ow
perneability (e.g., a conductive paint on a nol ded plastic part).

The surface |ayers 301, 303 are of a polyneric base materi - al in which
is suspended an electrically conductive fillé material, giving the
surface layers relatively high el ec- trical conductivity with respect
to air and with respect go the mddle |Iayer. The m ddle |ayer
302 is of a pol yméiic Y55ReA el efealof thentsilehng s7 suspéndedefdinl Jmke-
rial having high magnetic pératilsalkly y, caiduttiget heimt ddhgterialb @Y Epprise
relatively high magnetic peseeabicbhtes gpghiebakinely low el ectrical
conductivity with respect to the surface | ayers. In the preferred
enbodi nent, surface %(?yequt 301, 303 are approximately 0.7 to 0.8 mm
thick, while md- e MaRgd 86229% °Bpproxirractdips075t¢ @ ,0 wheretd RLEHK.
Howev - er, it should b&e st bote thvabridlisC kiaehs @smpRkeXahy p1 RR 9,91
075 ABS and polycarbdhate. CONsiderably, depending on
the structural and other char- acteristics desired. In the
preferred enbodi nent, the polyneric base materi al is a thernoplastic
resin suitable for injection nolding. More particularly, it is
preferred that the -base nmateri al

This Sheet Has

Tl
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be a blend of ABS and pol ycarbonate, having approxi mately 40% by wei ght
ABS sand 60% by wei ght pol ycarbonate. Such a suitabl e base material is
mar ket ed conmercially by Dow Chem cal under the name DOW PULSE 1725.
However, it should be understood that many ot her polyneric materials
coul d be used in accordance with theipresent invention. In the
preferred enbodi nent, surface |ayers 301, 303- con- tain approxi mtely
20% by wei ght ni ckel -coated graphite ABPPRHCT, and between 10% and 20% by
wei ght carbonyl iron powder, with the remaining 60%to 70% by wei ght
bei ng the pol ymerdh gcRas Eﬁéﬁrc' g IEL%ENE@R%C%@‘%ND%SE’ graphite
fibers average 5 mnlnfengtﬁ mcroneters in dam eter, and
are avail able commercially from AR MAKING mmm d. Suitable car bonyI
iron powder is a fine powder commercially available from BASF. It
shoul d be under st 00Gn elekbid-ralifet ypesrifeiBihd estrmiarés atanstiatedembaye and
concen- Lrati ong,q0h; AICHGBLLY | ahs KRVedA/361) Fg,lgd %aqpl Baodh! BEYS:

eeI nay

different size,

erent Si |on
be used in place of ¥Fe®hits Y‘g‘g‘%ﬁ ase Fﬁ %ftlél ) l'fmé‘sp?lésfp@f‘fl%%l an
enbodi nent . SileabeidadyEr corginet 303 fr éu%@*@r&ai el gitvitpe| Yhehisghfaenduc-
tivity. The resistinsybys ofelclevalyt hage dlayerscaihedhdudidvity. naheossi-t han 5

ohns/square, and 'Sdlifée‘i%abk!iokﬁ Qs a pa%gmorﬂaggdmﬁerzaphqﬁ/ FEHE] €.
Because ni ckel - coat ed .a reJ t| vel X ;X enS| ye filler

are
mat eri al (when closnﬁ‘é?%eg‘dfg }tlﬁg‘ Eo%frlafl AB Iy ro‘ﬁn "§F e
base ABS/ pol ycar bonditd - pSiiy#ag ) the t niddkfesi3igs) ereclét'ﬂ‘é%-ynd‘lgh “ﬁﬁ?‘%tlc
ni ckel - coat ed fi ber efrhasbildtessThy tuclachirevést kenstructequisied a co-
conductivity. A conpgsttiddNmeoindl pLéks20% nick- RO 9 91 075
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10 q% coated graphite fibers as stated above is sufficient to | ower
t he *=&3¥Stivity of surface layers 301,303 to approx- imately 2

ohns/ square at the surface thicknesses quoted above. Different

t hi cknesses of the surface |ayer may require different concentrations of
conductive filler material. Carbonyl iron powder is added to the
surface conposition as an additional fill material to increase the
magnetic perneability. . The m_ddl e layer is intended to absorb the
energy of the radi ati on, for wﬂ/ h it requires a high magnetic pernea-
bility. In the preferred enbodi nent, the mddle |ayer conpri ses
carbonyl iron powder suspended in the base ABS/ pol ycar bonat e pol yner.
Because high perneability is desired, the niddle |ayer should contain as
hi gh a cont ent of carbonyl iron powder as can be supported by structural
and other constraints. |In the preferred enbodi nent, the m ddl e |ayer
contains 88% 92% carbonyl iron powder by wei ght, the remaining

8% 12% by wei ght being the base pol yner. The onyl iron powder of
the m ddl e | ayer shoul d be of the sane type as t used in the surface
| ayers. -1t is prefl&lred that middle | ayer 302/and surface |ayers

301, 303 contain the sane\pol yneric base material.” Since t he

el ectromagnetic tem%l ,

there is generdld’y no rgason use @t - f er 1O§\pol yperjc basq

mat eri al s. E 585 i d&& edi07 Njbage ppt ial:ng* g ondi ng

bet ween | ayer ¢'ftand | ps aj@oi d prigbllens h21 y ) ue ftf/diai f f er ent

ther- 110 111 I v |
fs
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mal <expansion coefficients, different setting tenpera- tures, etc.

However, it is not necessary that the pol yneric base materials in
the different |ayers be the sanme, and as an alternative enbodi nent such
base material s could be different. 9 91 075

Figure 4 depicts a co-injection process u for making an

el ectro-magnetic shielding structure in accordance with the preferred
enbodi nment . A suitably shaped injection nol d 401, conprising two or
nore nold parts, is designed and fabricated according to conventi onal
techni ques as are known in the art. Ml d 401 defines an internal cavity
402 which is the gize and shape of the part to be nol ded, and

contains one or nore Or{f¥ices 403 into the internal cavi- ty, by which

a thernoplastic resin co 4 on yBe _— Tnie a._— —A CO-TTAction
nozzl e assenbly 404 is u d’bﬁ’lﬁﬁggt ap~"_ ﬁt\grrate~tﬁ€/ﬂﬁﬁEastItl esin
conpositions into ++y~£‘“1uﬁf1h gh’b++fpee 463. \JI?%ﬁHmkta S,

mul ti ple nozzle ] :
conposi - tion thro

oooo

4( — m— —_— ~— ~——— —
303 :
FIG. 3
tmlv\1
INNER
uo5| HOPPER | {NOZZLE
406 HOPPER
\/Lyﬁ/
303 = p—————
T
T
w2 ST | ?
404
FIG. 4
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prosset S
conprises two concentric nozzles, an inner nozzle 405 and an outer
nozzl e 406. The concentric nozzles are fed nate- rial to be injected
from separate hoppers, enabling the nozzles to inject different
conpositions, which is in fact t he purpose offﬁgzrﬁreﬁtroq*“ffhe
conposition injected t hrough outer

2zl e 406} wiHiA e i helidi

t he cavi - ty, becom ng the surfacengyers of }hg" Tlnlshed nnld d
part. The conposition injected through inner nozpl & 4p51n
inner part of the cavity, becom ng the m d- di ej | ayer of t finished
nol ded part. In the preferred enbodi nent, the gh-eeﬁducfrV|ty
conposi tion of nickel - coated graphite fibefs, carbonyl iron
powder , and ABS/ pol ycar bonat e base is injected Through outer nozzle

406, while theégaég perneability composition of high con- centration
r
5

carbonyl iron and ABS/poncarbonate base is'injected t hr ough
i nner nozzl e 405. —ATougT tietyprcar cross: SETTT O ? t
3 shows the two/sufaee ers Separated-Tr onredch ofﬁér —— ~the
| ayers are Bpof act feonngotad tq,each\\ er—at™the~_ ¢ 3’§;~'ﬁé’ﬁﬁrﬂ d
part and at Tany t 1-075. 7

12 nnldegzkhyo the pari"such°a-conngctjdh i5. annjneyrbabhg --.:.
consequence of €0 |njeqblon.process 'bt-ls-also.nec':',.-essary t0.X he
function of the art that® the-coﬁdhct1vé.. PSR T B A

-
ML ° bl s ¢ . -'o-,“’."

401

INNER
NOZZLE

HOPPER
403 = —————ee
B e
\
|t
402 > ‘é




* WH”‘A
surface | ayers be grounded together, and hence such con- nections at
the periphery are not a di sadvant age. In the preferred enbodi nent,
the | ayered shielding struc- ture is injection nolded using a
co-injection nolding process. Co-injection nolding permts the nol ded
part to be fornmed in a-single_step,'ﬁ%Sulting in a lowcost part.

In the alternative, such a part could be forned using doubl e-shot or

triple-shgt giggilsr&?ihidé%cﬁl) &pk%sﬁ{é tﬂﬁ'aﬁ%érg E?nfo | n'cérnri)r ﬁk?ce?féctb%f elegtro-

mul tiple pa roug fferen novvn

further apfprdiRtiadfition becSHE MvAILRRE ! sueh q&hﬁtslxﬁu%egﬁleeﬁ&é %&ugwm' tiple

steps of pouring the different 1ayer mxtures into a nol

wai ting for e¥atioh&echigues efor betficlamgPelettidife tdevicBs dre kno“hﬁ)iﬁrthepﬁ@' t ipgpal
techni ques exist for the construction of | ayered structures according

to the presangle, itieknhown.that solid, tontinheuspmefak enclosueesbofisufficient thivkaess! pryeids
are used to construct a barrier to radiation. The three |ayer con-

st ruct i ona igeod damierdtobelecirrsmagneticsradiation.y Howevenesushrepclosures are ¢ostly, heavy,
fabricated using co-injection nolding techniques. However, it should be
under st oo@r ANt otbarfwm@ infexferei Wih preferredidesign cwnsidenstions. ofit isaglee ¥nownl thabe
const ruct ed., exanpl e, it may be possjible to construct

" co-i nj ect glded plaﬂ&fp@eﬂggs@mg asConductivg copting Ushalbh & cendpetive @th)r’rﬁﬂﬂng
L A S 0 B o o o i
Shi el di ﬁg&oﬁga%éeg%&eﬂ@"?ﬂ% soBeil 0 olsHUSESn AL BUE el P
Cho ce. of SEIE BhAH doesss \P?%é’ ?@@g%gsg&gg 4‘%%3‘&"%“%@%75%“ e

It is an object of the present invention to ameliorate one or more disadvantages of the
prior art.

According to one aspect of the present invention there is provided an enclosure part
for an electronic device having a plurality of electronic circuits, comprising: an outer
surface layer disposed externally to said device, said outer layer comprising an electrically
conductive fill material suspended in a polymeric base; an inner surface layer disposed
internally to said device and facing said electronic circuits, said inner layer comprising an
electrically conductive fill material suspended in a polymeric base; a middle layer disposed
between said outer layer and said inner layer, and having a first boundary surface in contact
with said outer layer at all of the first boundary surface and a second boundary surface in
contact with said inper layer at all of the second boundary surfacé, said middle layer
comprising a magnetically permeable fill material suspended in a polymeric base, wherein
said enclosure part is an injection-molded part formed by co-injection molding of said
layers, said outer and inner layers being connected to each other at edges of said enclosure

part, said polymeric base materials of said outer, middle and inner layers being in direct

i
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¢
13 In the preferred enbodi ment, the |ayered shielding struc- ture
of the present invention is part of an enclosure for an el ectronic
device, which can either protect electronic conmponent s from anbi ent
radi ation, or reduce em ssions of radiation fromthe el ectronic device.
However, such a sandwi ch-11i ke shield?ﬁg structure could be used in
appli - cations other than electronic device enclosures. For

exanpl e, 2onoe biitf'Gach! biAEH Wh AGAREY BohdilobdBoftl GABREL the ak YL Hh IR

be used to direct or reflect radi at ong a particul ar path.
addi ti onalpbopdm@igent AtfalldsH té eédpective coftastiy bamiiaryt surfabérareadiaid Ry&R el so
shown to result from exposure to non-ionizing el ectronmagnetic
radi at i on,bondedito formshsiagls imeprated ensloshré partpr ot ecti on of humans from
anbi ent radi ati on. Al t hough a specific enbodi nent of the
i nvention has Awending todinnther sasgiect| afnthevpresent dnveation dhereris gprovided ant electird-
be recogni zed by those skilled in the art that additional
vari at i ongnsgnetie rebicldiag qgrusiure neppESingd e aviitshilayerh saidc By layer edmptising an
follow n | ai s,

ortowng e%ec?ricr?ﬁy conductive fill material suspended in a polymeric base; a second layer, said

second layer comprising an electrically conductive fill material suspended in a polymeric
base; a third layer disposed between said first layer and said second layer, and separating
said first and second layers over substantially all of their length, said third layer having a
first boundary surface in contact with said first layer at all of the first boundary surface and
a second boundary surface in contact with said second layer at all of the second boundary
surface, said third layer comprising a magnetically permeable fill material suspended in a
polymeric base, wherein said shielding structure is an injection-molded part formed by co-
injection molding of said layers, said first and second layers being connected to each other
at edges of said shielding structure, said polymeric base materials of said first, second and
third layers being in direct contact with each other and creating a contimious bond without
the aid of an additional bonding agent at all of the respective contacting boundary surface
areas, said layers being so bonded to form a single, integrated enclosure part.

According to still another aspect of the present invention there is provided an
electronic device, comprising: a plurality of electronic circuits, said circuits being capable
of generating electro-magnetic radiation; an enclosure for said electronic circuits, said
enclosure comprising one or more enclosure pars, wherein a first enclosure part comprises:
(a) an outer layer disposed externally to said electronic device, said outer layer comprising
an electrically conductive fill material suspended in a polymeric base; (b) an inner layer
disposed internally to said electronic device and facing said electron?c circuits, said inner

layer comprising an electrically conductive fill material suspended in a polymeric base; and
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CLAI V5 1. An enclosure part for an electronic device having a plurality
of electronic circuits, conprising: an outer surface |ayer disposed
externally to said device, said outer Iay%r conpri sing

(¢) a middle layer disposed between said outer layer and said inner layer, and having a first
boundary surface in contact with said outer layer at all of the first boundary surface and a
second boundary surface in contact with said inner layer at all of the second boundary
surface, said middie Iayer comprising a magnetically permeable fill material suspended in a
polymeric base, wherein said first enclosure part is an injection-molded part formed by co-
injection molding of said layers, said outer and inner layers being connected to each other at
edges of said first enclosure part, said polymeric base materials of said outer, middle and
imner layers being in direct contact with each other and creating a continuous bond without
the aid of an additional bonding agent at all of the respective contacting boundary surface
areas, said layers being so bonded to form a single, integrated enclosure part.

According to still another aspect of the present invention there is provided an
integrated molded polymeric part, comprising: an first surface region adjacent a first
surface of said molded part, said first surface region comprising an electrically conductive
fill material suspended in a polymeric base; an second surface region adjacent a second
surface of said molded part, said second surface being opposite said first surface, said
second surface region comprising an electrically conductive fill material suspended in a
polymeric base; and a middle region disposed between said first surface region and said
second surface region, said middle region comprising a magnetically permeab;g_:_ﬁll material
suspended in a polymeric base, wherein said integrated molded polymeric part is integrally
is an injection molded part formed by co-injection molding in a mold having a mold cavity,
said part having a permanent shape conforming to the shape of the mold cavity, said first
and second surface regions being connected to each other at edges of séid integrated molded
polymeric part.

According to still another aspect of the present inventidn there is provided an
electronic device, comprising: a plurality of electronic circuits, said.zircuits being capable

of generating electro-magnetic radiation; an enclosure for said electronic circuits, said
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an electrically conductive fill material suspended in a polyneric base;

an i nner surface |ayer disposed internally to said device and facing said
el ectronic circuits, said inner |layer conprising an electrically
conductive fill material suspended in a polyneric base; a mddle

| ayer di sposed between said outer Iayer'éﬁﬁ'said I nner | ayer, and having a
first boundary surface in contact wwth said outer |layer at all of the first

ayor o SHIOREE, @ibrishyl 65000 mify SBkcp thoBEL pblimknl bl el bt R,

a magnet i Gkl YniB@hsaRloRiell hbiyREiR! ditlosiies PARGE thrl mjacﬁoaoh%mgi ga;rl@aiﬁ&grany

wherein said enclosure part 1S an injectioh-nolded part forne

co-i nj ect ifefiné® ¥ B-injedtichaintbldiay einSa @aiddhewih@ra asldi GRay, |saidepart DRivis a
connected to each other at edges of said enclosure part, said polyneritc
base mat erpeahsnent shapel conformingritoldthe shape iofnthe Meldecavityei aigl iwheredh readd part
contact with each other and creating a continuous bond w thout the aid of
an addi t icomprrisesoa glurglitygefhintegrally formed tligers of pae o wore polymericripask materialy,
surface areas, said layers being so bonded to forma single, integrated
encl osur e spidrlayers hondedriagethss by sinteamplgenlanr foressofraaid poliimesc bassimaterials, said
magnetically perneable fill material in said niddle |ayer conprises

car bony| ilaxsEs psliuking: (&) an oyikE layge disposed epiernallyrto spid glectronic,giesics;, gaid-gujer

fe : ggﬁ gl caly) der Cc%rr}z%lflics;{nigvaen dibdttics chgnidfanlzt%ve £ MRtrRd s&]sipgk 1 5 03¢ pglry%%?{ctbease;
(b) an inner layer disposed internally to said electronic device and facing said electronic
circuits, said inner layer comprising an electrically conductive fill material suspended in a
second polymeric base; and {c) a middle layer disposed between said outer layer and said
inner layer, said middle layer comprising a magnetically permeable fill material suspended
in a third polymeric base, said outer and inner layers being connected to each‘ other at edges
of said first integrated molded polymeric enclosure part.

According to still another aspect of the present invention there is provided an electro-
magnetic shielding structure, comprising: a rigid, integrally formed, self-supporting
shielding member having a permanent shape, said permanent shape being maintained by
internal strength of said shielding member without support from a conforming surface of
another object, said shielding member comprising a plurality of layers, including: a first

" layer, said first layer comprising an electrically conductive fill material suspended in a
polymeric base; a second layer, said second layer comprising an electrically conductive fill
material suspended in a polymeric base; a third layer disposed between said first layer and
said second layer, and separating said first and second layers, said third layer having a first
boundary surface in contact with said first layer at all of the first boundary surface and a
second boundary surface in contact with said second layer at all of the second boundary

surface, said third layer comprising a magnetically permeable fill material suspended in a
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4, The encl osure part of claiml1l, wherein said polyneric base materials
each conprise a blend of acrylonitrile-butadi ene-styrene (ABS) and

pol ycar bonat e. -15- 5.
The encl osure part of claim 1, wherein said outer and inner |ayers each
further conprises a magnetically perrrea‘b"fBe‘ fill material suspended in said
pol yneric base. 6. An el ectromagneti c shielding structure, conprising:

a first | bl i ~ gﬂg{ ' RANY g&gpfg‘r},j Lo
mat eri al %&%%I?I%ggs ’ rfp rgér%%la%g{ers'llﬁc gslzl;a_ﬁgmag aﬁlaﬁfsiéecon%Io}‘d‘g)d/ T, sal g}i?)éc%d
l'ayer conghjestictmdIdifg Sald fifst hhd sctond kkisRidg ¢dnnBRELEd ch ciSRERBISD dffvafl
pol yneri c base; a third |l ayer di Sposed between said first |ayer and

sai d secondlididijg mentted, SA0 OB base irtlterialsSof saldfiSE wetshd MdethirdINRirs are in
substantially all of their length, said third |layer having a first

boundary slirthcentact withneaoht othert indsereate fai contimiomy donditwithout the didh@f fah radditional
boundary surface and a second boundary surface in contact with said second
| ayer at dionding agent atedloofdhe oespective coptactingtqundaycsurface arehsy\seid lapers ibefnigng a

TRONCL Ol onab to Tormh & single, integrated shielding mamber. | PO Yo PaSe:

According to still another aspect of the present invention there is provided a method
for manufacturing a multiple layer electro-magnetic shielding structure, comprising the steps
of: providing an injection mold of suitable shape for said structure; loading an electrically
conductive fill material suspended in a polymeric base material in a hopper for an outer
nozzle of a co-injection molding press; loading a magnetically permeable fill material
suspended in a polymeric base material in a hoper for an inner nozzle of a co-injection
molding press; forming said structure by injecting into said injection mold wiﬂ} said outer
nozzle said electrically conductive fill material suspended in a polymeric base material thus
forming outer layers of the structure, concurrently with injecting into said injection mold
with said inner nozzle said magnetically permeable fill material suspended in a polymeric
base thus forming an inner layer of the structure.

According to yet another aspect of the present invention there is provided a method for
manufacturing an electro-magnetic shielding structure having outside layers of highly
electrically conductive material and intermediate layer of ferromagnetic material, wherein an
injection mold of suitable shape is constructed for said structure, characterized in that it
comprises the steps of: loading an electrically conductive fill matérial suspended in a
polymeric base material in a hopper for an outer nozzle of a co-injection molding press to
copstitute a plurality of outside layers; loading a magnetically permeable fill material
suspended in a polymeric base material in a hopper for an inner nozzle of a co-injection

molding press to constitute at least an intermediate layer; and injecting into said injection
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wherein said shielding structure is an injection-nolded part forned by
co-injection nolding of said |layers, said first and second | ayers being
connected to each other at edges of said shielding structure, said

pol yneric base materials of said first, second and third layers being in
direct contact with each other and creat?ﬁg a continuous bond w thout the
aid of an additional bonding agent at all of the respective contacting

b d . i 2 i . . i P
t ogr at oAt o s BREP Buch AuSic UL, SRR, SARBRRVE il Dma AT Suflepef i o

i ntegrated enclosure _ ruc
cl ai m 6, gfn%tie badH Mafelfab lcoRBHrGRIFONEh iljebiRE B3l MBS mdlQ WM %‘}‘& irther
magnetical |y pernmeable fill material suspendéd in said polyneric base. 8.

An el ect r otz SARY ir@gne: pehédble fill materfal PspeRiedtin a@olfh€sd b8 C Circuits,
said circuits being capable of generating electro- nmagnetic radiation;

-16- an encl oPESCRIFTION OF THE PREFERRED ENMBOBINMENTNS) osur e

conprising one or nore enclosure pars, wherein a first enclosure part
conpri ses: Fig. 1(shpwar avossesection/efra tyipigabelectramic devied whichds kndwin @ thetargni ¢
devi ce, said outer |ayer ) . )
Fig. 2 shows a cross section of an alternative electronic device in a logic card "book”
assembly also known in the art;
Fig. 3 shows a cross-section of a portion of a shielding structure;
Fig. 4 depicts a co-injection molding apparatus used in the manufacture of a shielding |
enclosure using the shielding structure shown in Fig. 3.
Figure 1 depicts a cross-section of a typical electronic device 100 which is known by
anyone skilled in the art. The device may, e.g., be the system unit of a small computer
system known as a personal computer. Device 100 c?mprises an enclosure, which in this

example contains two pieces, a base enclosure part 102 to which the internal
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conprising an electrically conductive fill material suspended in a

pol yneri c base; (b) an inner |ayer disposed internally to said

el ectroni c device and facing said el ectronic circuits, said inner

| ayer conprising an electrically conductive fill materi al suspended
in a polyneric base; and (c) a middl%® | ayer disposed between said

outer layer and said inner |ayer, and Eaving a first boundary surface
in contact with said outer |ayer at all e first boundary surface
and a second boundary surface in contact with said inner |layer at all

of the secpnd boundary surface, said nmddle |ayer conprisin magnetical ly
perneabl e ¥il1l © Bt %a%&?choglc "W%’énﬂaéslg,gmhty of e&aaegpencnmwﬂa,
first enclgosure.part is an injection-nolded part forned by co-injection

JIIIL

nmol di ng of “2HT Byers, said outer and inner |ayers being connected to each

oLer a1 o9 by S e GULOBERNN Yy o R, MR e O, S ©
ot her and ﬂa@%@@ﬁ@ﬁﬁwm‘*}m sﬁ\épteﬂd&!tinta%%&i@f) (@ additional

bondi ng agent e respective-contactin oundary surface areas,

said |ayers bgi Bfhef Quitat bffet Aidppsed Mtdrhilyl G shifll RS Al ﬁ&ﬁ}%%aaeew&f&mc

9. The el ectronic device of claim8, wherein said nagnetically perneable
fill materdifiuitsNsaié dhsbr eyt coniprisaiy S0 eRtirRally caddwenye fillr BfeHoMElRpendedOn a
The el ectronic device of claim8, wherein said electrically conductive fill
mat eri al s polymeri¢ Baseyt er | ayer and said inner |ayer conprise nickel-coated
graphite fibers. 11. The electronic device of claim8, wherein said

magnet i cal | y pemiddbllaydridisposed befvaknisaid outer layer and said inner layer, and having a

first boundary surface in contact with said outer layer at all of the first boundary surface and
a secoﬁd boundary surface in contact with said inner layer at all of the second boundary
surface, said middle layer comprising a magnetically permeable fill material suspended in a
polymeric base, ,
wherein said enclosure part is an injection-molded part formed by co-injection molding
of said layers, said outer and inner layers being connected to each other at edges of said
enclosure part, said polymeric base materials of said outer, middle and inner layers being in
direct contact with each other and creating a continuous bond without the aid of an
additional bonding agent at all of the respective contacting boundary surface areas, said
layers being so bonded to form a single, integrated enclosure part.
2.  The enclosure part of claim 1, wherein said magnetically permeable fill material in
said middle layer comprises carbony! iron powder. _
3. The enclosure part of claim 1, wherein said electrically conductive fill materials
comprise nickel-coated graphite fibers.
4.  The enclosure part of claim 1, wherein said polymeric base materials each comprise a

blend of acrylonitrile-butadiene-styrene (ABS) and polycarbonate.
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said mddle | ayer conprises carbonyl iron powder, and said electrically
conductive fill materials conprise nickel-coated graphite fibers.

- 17 - 12. The electronic device of claim8, wherein said electronic
circuits are part of a digital conputing device. 13. The electronic
device of claim 12, wherein said magneticdllly perneable fill material in
said mddle |ayer conprises carbonyl iron powder, and said electrically

el ect  oni & deecTBISHIEiokn 18 Bkl L yEa, SO a0 b e e e
" . _ L ; N

bl ycar bosarpraes i ey FERKail G Bl f AR EBE s POt el G

and i nner gl ay ¥rSele@fmhaphdtithiclGAFRILGER, @o,ﬂ?% ically perneable fill

materi al suspended in said polyneric base. n integrated nolded
pol yneric parf, fitnRayesi §4d first lgyc%ncémﬁﬁdin%%f eRetricaly CtondtetaRe Ml Mdtdriat
sur

surface of said nolded part, said first ace region conprising an

el ect ri caktispenduidinct polpmeérit baseat eri al suspended in a pol yneric base;

an second surface region adjacent a second surface of said nolded part,

sai d second a second layer, said second layer comprising an electrically conductive fill material
suspended in a polymeric base;

a third layer disposed between said first layer and said second layer, and separating
said first and second layers over substantially all of their length, said third Iayer having a
first boundary surface in contact with said first layer at all of the first boundary surface and
a second boundary surface in contact with said second layer at all of the second boundary
surface, said third layer comprising a magnetically permeable fill material suspended in a
polymeric base, ;
wherein said shielding structure is an injection-molded part formed by co-injection

molding of said layers, said first and second layers being connected to each other at edges of
said shielding structure, said polymeric base materials of said first, second and third layers
being in direct contact with each other and creating a continuous bond without the aid of an
additional bonding agent at all of the respective contacting boundary surfage areas, said
layers being so bonded to form a single, integrated enclosure part.
7. The electro-magnetic shielding structure of claim 6, wherein said first and second
layers each further comprises a magnetically permeable fill material suspended in said
polymeric base. |
8.  An electronic device, comprising:

a plurality of electronic circuits, said circuits being capable of generating electro-

magnetic radiation;
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surface being opposite said first surface, said second surface region

conprising an electrically conductive fill material suspended in a

pol ynmeri c base; and a mddl e region disposed between said first
surface region and said second surface region, said mddle region
conprising a magnetically perneable fill 'Raterial suspended in a polyneric
base, wherein said integrated nol ded polyneric part is integrally is

an i nj ection gyl A tor sRIIBRcRYnIE %ﬂcﬁit@,cf]di@ rkn@l&'s@e??ﬂor%%ri%ﬂé gﬁ‘gg&e}goﬁ

nold cavity, said part having a pernmanent 'shape confo

the nol d eaMbbuke pasy, Wvickrdifila fABCerRRBARIDSEdmdiRes: €9i ons being connected to
each other at edges of said integrated nolded polyneric part. 17. The

i ntegrated nol(ged apobutee tayer isposal extemially 6, saih efeeironis adetride| rsaid oidr I@%pnd
surface regions each further conprises a magnetically perneable fil
mat eri al suspeompdsing ansdéctrigadlyyoonduativh dllematedisl suspended at a polymetiie\bases,
2Pl ural 1 Uy ofl aot inses daxer rdispased interally oo stid sclesstonis dapisblaadofaciog said
generating el %lce:[c{rgﬁic cnlgc%?tg,t .l,a%d rinancéir ?&yie(r) rc]:é)mprising an electrically conductive fill material
suspended in a polymeric base; and
(¢) a middle layer disposed between said outer layer and said inper layer, and
having a first boundary surface in contact with said outer layer at all of the first
boundary surface and a second boundary surface in contact with said inner layer at all
of the second boundary surface, said middle layer comprising a magnetically
permeable fill material suspended in a polymeric base,
wherein said first enclosure part is an injection-molded part formed by co-injection
molding of said layers, said outér and inner layers being connected to each other at edges of
said first enclosure part, said polymeric base materials of said outer, middle and inner layers
being in direct contact with each other and creating a continnous bond without the aid of an
additional bonding agent at all of the respective contacting boundary surface areas, said
layers being so bonded to form a single, integrated enclosure part. .
9.  The electronic device of claim 8, wherein said magnetically permeable fill material in
said middle layer comprises carbonyl iron powder.
10. The electronic device of claim 8, wherein said electrically conductive fill materials in
said outer layer and said inner layer comprise nickel-coated graphite fibers.
11. The electronic device of claim 8, wherein said magnetically permeable fill material in
said middle layer comprises carbony! iron powder, and said electrically conductive fill

materials comprise nickel-coated graphite fibers.
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an enclosure for said electronic circuits, said enclosure conprising one or
nore integrated nol ded pol yneric enclosure parts, wherein a first

i ntegrated nol ded polyneric enclosure part is an injection nolded part
integrally forned by co-injection nnldin? in a nold having a nold cavity,
said part having a pernmanent shape conf0 ﬁfng to the shape of the nold
cavity, and wherein said part conprises a plurality of integrally forned

| ayers of 14 0n i G.:hage ' | 5 -
toget her 11 pericEfibfic kg dunrEr Bl i et e d IRl 2 INCEn digin)

| ayers ingd 'ﬂﬂgdgvke' (a) an outer layer disposed externally to said

el ectronic device, said outer |ayer conprising an electrically
conduct i ve3 fi The BRbRORIR|devies REOMES 12) whefeid §did BRENERAIE pbate@ble fill matéril if N

i nner |ayer disposed internally to said electronic device and facing said
el ect r oni said imiddle $ayes aothprises catbeygl ironmuowder,nandisaidl elettrically lcpnduvnicre cfill ve

fill materi al suspended in a second pol yneric base; and (c) a
mi ddl e | apateridissqmsmriselnickebcoated gripbite Gbertkayer and said i nner |ayer, said
m ddl e | ai/er conprising a magnetically perneable fill material suspended in
a third 14. Thelelaetonic dayies ofselatn ddt avherpiy cagingaid |pelyanerichbasa guaterials ack
to each other aat edges of .said first int

. . ) eqrated nol ded {éol yneric
encl osur ecqyapHises ajhjendrpfacrylopitrilerbutadiens streng (@?%i Fpd-polycaphonaten sai d

RGEIER G HIERIT | NN R O S
el ectri Ca}:&ﬁpﬁs%rs] %%éﬁ’eﬁciﬂ)’ i)ﬁ'ﬂ%&ﬁ@ ifﬁ &aﬁeﬂal suspended in said polymeric base.
16. An integrated molded polymeric part, comprising:
an first surface region adjacent a first surface of said molded part, said first surface
region comprising an electrically conductive fill material suspended in a polymeric base;
an sec':ond surface region adjacent a second surface of said molded part, said second
surface being opposite said first surface, said second surface region comprising an
electrically conductive fill material suspended in a polymeric base; and
a middle region disposed between said first surface region and said second surface
region, said middle region comprising a magnetically permeable fill material suspended in a
polymeric base, .
wherein said integrated molded poiymeric part is infegrally is an injection molded part
formed by co-injection molding in a mold having a mold cavity, said part having a
permanent shape conforming to the shape of the mold cavity, said first and second surface
regions being connected to each other at edges of said integrated molded polymeric part.
17. The integrated molded polymeric part of claim 16, wherein said first and second
surface regions each further comprises a magnetically permeable fill material suspended in
said polymeric base.

18. An electronic device, comprising:

AR L e ot repeement e
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said outer layer and said inner |ayer conprise nickel-coated graphite
fibers. 21. The electronic device of claim18, wherein said outer and

i nner | ayers each further conprises a magnetically perneable fill materi al
suspended in said polymeric base. 22. Aqaqlectronagnetic shi el di ng
structure, conpri sing: -
19 - arigid, integrally forned, self-supporting shielding nenber
havi ng a perngn ; D s | | | ] ~
ot ernar ot ongrara? SPGectidti] REGENGRI oROARE DRk Napia: MriEtak clectr
conformn efict@idionanot her object, said shielding menber conmprising a

plurality of l|ayers, including: a first layer, said first |ayer
conpri si ng anael exlosusalfby saidneisctronie ditchits, madic rénaloswmeusqapdsitly idheaor more
pol ynmeri c base; a second | ayer, said second | ayer conprising an

el ect ri calintggrateddmotded epoiythericrenclostae pastsiswherdinda ifinstaintegrated maldddapelymeric
a third layer disposed between said first layer and said second |ayer, and
separ at i nghclesirg part is am injedtionomalded ynartsintegsally formed byageinj¢rsionmoldidg it
boundary surface in contfact with said first layer at all of the first
boundary &fl¢ haging aympldseavitye said magthaying 4 peraanenf shapp genforming to the shape of

the mold cavity, and wherein said part comprises a plurality of integrally formed layers of
one or more polymeric base materials, said layers bonded together by intermolecular forces
of said polymeric base materials, said layers including:
(a) an outer layer disposed externally to said electronic device, said outer layer
comprising an electrically conductive fill material suspended in a first polymeric base;
(b) an inner layer disposed internally to said electronic device and facing said
electronic circuits, said inner layer comprising an electrically conductive fill material
suspel;ded in a second polymeric base; and
() a middle layer disposed between said outer layer and said inner layer, said
middle layer comprising a magnetically permeable fill material suspended in a third
polymeric base, said outer and inner layers being connected to each other at edges of
said first integrated molded polymeric enclosure part. .
19. The electronic device of clain_x 18, wherein said magnetically permeable fill material in
said middle layer comprises carbonyl iron powder.
20. The electronic device of claim 18, wherein said electrically conductive fill materials in
said outer layer and said inner layer comprise nickel-coated graphite fibers.
21. The electronic device of claim 18, wherein said outer and inner layers each further

comprises a magnetically permeable fill material suspended in said polymeric base.

22. An electro-magnetic shielding structure, comprising:
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with said second layer at all of the second boundary surface, said third

| ayer conprising a magnetically perneable fill material suspended in a
pol ymeri c base, wherein said shielding nmenber is an injected-nol ded
part fornmed by co-injection nolding, said first and second | ayers being
connected to each other at edges of sai d'9shi el ding nenber, said polyneric
base materials of said first, second and third layers are in direct

contact with s 4Ot 4 t ks ' t.he, aj n
Ca0i 11 onal  bEnipie B R Seft BMARL WRIORE (mblubet” Shyih % HefmBhert
surface a i [ gﬁﬁa:’nﬁ%ﬁ i I i i8 shieli® hhasd
shi el di ngﬁmg&?&p@%@é@%gh Ieggtﬁlr 0- magnet ?)? %%f%ﬁﬂgﬁlggtgto?gigtsgpiﬁlfﬁgcl al mr

22, wher eigithoad @uppors trdiida Sdi)ﬁﬁﬂﬁxm% aueme o8 Ghothief tdtgect C QAT 516618y member
magnetically perneable fill material suspended in said polyneric base.

24. A et besipfising mepladalitst of lapers pinoludinigpl e | ayer el ectronagnetic shiel ding

structure, conprising the steps of: providing an injection nold of
sui t abl e shape first ey said ufitstirlayer comprising an electrically conductive fill material
- 20 - | oadi ng an electrically conductive fill material suspended in

a pol ymer bespeadad i polymeric base;

a second layer, said second layer comprising an electrically conductive fill material
suspended in a polymeric base; '

a third layer disposed between said first layer and said second layer, and separating
said first and second layers, said third layer having a first boundary surface in contact with
said first layer at all of the first boundary surface and a second boundary surface in contact
with said second layer at all of the second boundary surface, said third layer comprising a
magnetically permeable fill material suspended in a polymeric base,

wherein said shielding member is an injected-molded part formed by co-injection
molding, said first and second layers being connected to each other at edges of said
shielding member, said polymeric base materials of said first, second and third layers are in
direct contact with each other and create a continuous bond without the aid of an additional
bonding agent at all of the respective contacting boundary surface areas, said layers being so
bonded to form a single, integrated shielding member.

23. The electro-magnetic shielding.strucmre of claim 22, wherein said first and second
layers each further comprises a magnetically permeable fill material suspended in said
polymeric base. |

24. A method for manufacturing a multiple layer electro-magnetic shielding structure,
comprising the steps of:

providing an injection mold of suitable shape for said structure;
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i*n" a hopper for an outer nozzle of a co-injection nolding press;

| oading a magnetically perneable fill material suspended in a polyneric
base material in a hoper for an inner nozzle of a co-injection nolding
press; formng said structure by injecting into said injection nold
with said outer nozzle said electrically¥®onductive fill material
suspended in a polyneric base material thus formng outer |ayers of the

structure, co . I ] i Nl .' ' SAld 1y I.Q 1 th sal.
nner noszl o SGE S stechically SaRivBint ShRrEPlp A & Houifiet Blo: ik
pol yneric ;Rg SUE ' ' I n .ructure. 25. The

met hod of cl Rppd ‘%?Pﬁn%ggeﬁﬁa%gn%iﬁﬁPefd%eiﬁl e fill material
conprises canpgiing aihaheROiypermeatie flNGaRBANAEp&Ides iRt Podfmeri 842! HasAAC
el ectrically conductive fill "materials conprises nickel-coated graphite
fibers. 3dahbper fﬁi’tdihCidn&‘fnthEidfla%rinfdﬂﬁdSﬁiﬂbkﬁ@ pregg)l yneri c base materials
each conprises a blend of ABS and polycarbonate. 28. A nethod for :
manuf act ur i ng famingeaid sirmegre thydngebiing thitogpid tnjectionr moldawithn gaid wutir dezzle 3y S
of highly electrically conductive material and internediate |ayer of

f er r omagneidctricabiyt eonidurtivenfillr wateriah susppmstedi inna polymnesic base traaterials thas eforming
constructed for said structure, characterized in that it conprises the

st eps of ; outer layers ofiithe, sigpctures cppeusEantly vwith injecting dnipo; said iniecsionamold wish saidd
in a polyneric base pguterial .in a h (., for .an outey nozzle of a

Co-1 | ect (P RAZAIR ) FIAgBticalE deSmPatl Elmpierifaispgadsgl 1o 4 polymeric base thus

forming an inner layer of the structure.

25. The method of claim 24, wherein said magnetically permeable fill material comprises
carbonyl iron powder.
26. The method of claim 24, wherein said electrically conductive fill materials comprises
nickel-coated graphite fibers.
27. The method of claim 24, wherein said polymeﬁc base materials each comprises a
blend of ABS and polycarbonate.
28. A method for manufacturing an electro-magnetic shielding structure baving outside
layers of highly electrically conductive material and intermediate layer of ferromagnetic
material, wherein an injection mold of suitable shape is comstructed for said structure,
characterized in that it comprises the steps of:

loading an electrically conductive fill material suspended in a polymeric base material
in a hopper for an outer nozzle of a co-injection molding press to constitute a plurality of
outside layers; |

loading a magnetically permeable fill material suspended in a polymeric base material
in a hopper for an inner nozzle of a co-injection molding press to constitute at least an

intermediate layer; and

LT —
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out si de | ayers; | oadi ng a magnetically perneable fill materia
suspended in a polyneric base material in a hopper for an inner nozzle of
a co-injection nolding press to constitute at least an internediate |ayer;
and - 21 -

Injecting into said injection nold mﬁth'%%id outer nozzle said electrically
conductive fill material suspended in a polyneric base material,
concurrently iidefing T8 ShidifjebfdPmdRI With siid Vukdr QidzAR |sfidVéldctiGllyLonBf@ive fill
nozzl e said nmagnetically pernmeable fill material suspended in” a polyneric
base. 29matbriabishigpenadéd ¢h al PoRinerithbisei makdial] coigaathtdAlWih REjecmbliRof daid
material is of carbonyl iron powder. 30. A nethod of one of the clains 28
or 29, whajeetion swold vetles:did iroet npzade said aidguetidally lpermedbde filll saterdalaiispended in

ni ckel -coated graphite fibers. 31. A nethod of any one of the clains 28 to
30, wher e polymiedicpabsineri ¢ base materials is of a blend of
acrylonitrile-butadi ene-styrene copol yner, and polycarbonate. 32. An

el ect r o- Rynebi methade piichajine A8} J¥kareint eaid Anagnetieallyo pexmenbles 4l maerind i of

lurality of
P ycarbonyl iron powder.

30. A method of one of the claims 28 or 29, wherein said electrically conductive fill
materials is of nickel-coated graphite fibers.

31. A method of any one of the claims 28 to 30, wherein said polymeric base materials is
of a blend of acrylonitrile-butadiene-styrene copolymer, and polycarbonate.

32. An electro-magnetic shielding enclosure for an electronic device having a plurality of
electronic circuits, characterized in that it.is made of the electro-magnetic shielding structure

obtained according to any.one of claims 28 to 31.
i
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el'ectronic circuits, characterized in that it is nade of the
el ectromagnetic shielding structure obtained according to any one of

clains 28 to 31.
22

ABSTRACT

ELECTRO-MAGNETIC SHIELDING STRUCTURE AND METHOD
FOR MAKING THE SAME

An electro-magnetic shielding structure comprises three
parallel layers. The outer (301) and inner (303) layers
are of a polymeric base material in which is suspended an
electrically conductive fill material, giving the surface
layers relatively ﬁigh electrical conductivity. The mid-
dle layer (302) is of a polymeric base material, in which
is suspended fill material having high magnetic permeabil-
ity, giving the middle layer relatively high magnetic
permeability. The enclosure is constructed using a co-
injection molding process.

FIGURE : 3.

{ ¥
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