ENCLOSURE  HAVI NG ELECTROVAGNETI ¢/ RADI O FREQUENCY SHI ELDI NG The p ef@% AR
‘invention relates to a process for producing an ‘encl osure having'i g : >
el ectromagnetic/radio frequency shieldjg. In an inportant exanple it

relates to radi o-frequency interference (RFlI) shiel ded non-conductive

pol ymeri ¢ erENCHRSIRESHANMING ELECTEBOMAGNESE] /RADTQ||FREQUENCY! SRIEMAEN@Ssur es usual
havi ng such el ectromagnetic shielding on just one side of the enclosure. It

is often necessary to provide el ectronmagnetic shielding for polyneric and

ot hew el ectrically_ non-conductive enclosures used in electronic and radio

equi pment to prev PLRFeRE i WeRbAR 5elated; R A BERASSE YT I PEPIRHBECE f r om
RSNl e
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nmetal coating on WO 86/ 028

PCT/ US85/ 02 138e1dingt | RSY! dtie sidy ofeliiC bheldstare £qUi prENt . Among  the
t echni ques known to apply such a coating are the use of electrically
conductive paints Itf igroften ndcessitiyato Hroaidd @leciohagietigpsiieddimg fovacuum
metal lization, the , ' .

. polymeric and other electrically non-conductive enclosures used in

~ ‘electronic and radio equipment to pﬁevent radiation such as
radio-frequency intérference from being emitted from the equipment
contained therein. Regulations of the Federal Communicﬁtion
Commission in the United States of Ame?ica require that certain
categories of eléctrénié and computer equipment be enclosed by shields
capable of substantially eliminating such RFI above about 10 kiloHertz
-in frequency.

It is known thﬁt.electiically conducting materials will
effecﬁuaté elecﬁroﬁagnetic_?adiaﬁiﬁn'éhielding in.éeneral and RFI

] _ shielding in particular. Accordingly, it is common practice to

provide a metal coating on



5 application

of metal foils and el ectrol ess deposition of one or ’rr_Dre -
I nsure tight bonding of the cdati ng PGX/LR85/02188

;N
A

tal |ayerwQ s¢Mes8ver, to
@erl yi ng non-conductive substrate and enclosure, it is wusually
cessary to pretreat the surface by nethods involving abrading, 10
etching and simlar surface roughening _tgchni ques. If not applied wth
extreme care, such methods can cause discbloration, cracking, distortion,

excessi ve

Ss [ Lrene. cases, the tqtal destructiop,of .
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stress and in extreme cases, the total destruction of the
underlying 'substrate structu'r'e_ and'/or' polymeric
enclosure. Further, where the enclosure is to be used in
an application where only the inside surface is to be
coated and where either the exterior surface appearance
is £o remain unaltered and/or ‘the dimensional tolerances
are a matter of some concern, the exterior must be
protected in some fashion so as to preserve its color and

surface finish, Where electrolessly deposited metallic

coatings are involved, this usually involves the
application of a resist or other type of strippable
coating which will either prevent deposition on the side
not to be altered or allow the removal of any deposits
which have been laid down. Such procedures, in addition
to increasing the overall costs of producing the
shielding also tend to degrade to some degree the
protected surface so that the finish and/or color may not
be entirely suitable for the intended use. In such cases
it is necessary to cover up these differences by one or
more secondary operations such as mechanically buffing
and/or painting the degraded areas. Such approaches,
when they work, tend to considerably increase both the
time and cost of producing a finished enclosure.
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when' t hey work, ‘tend to considerably increase both the 35 time and cost of
produci ng a finished encl osure. It is a primary object of the present

isnvention to provide an inproved process_gpr appl yi ng RFI shielding<E§%
enclosures suitable for electronic equipnent. It is .a further objec
provi de a process for applying RFl shielding to enclosures suitable r
el ectroni c equi pnent wherein said shielding can be safely applied to just

one side of said elitlidsuarpridibyicbjatt |df aR®ipresemdjifGéntion PEOviré@ide BROCESS
for\applying RFI shielding to enclosures suitable for electronic equipnent
wher ei n substisprdvetl| pracess uiciragepliyieg IRFAL skeieldisg rreqendledurdsn suheablebfact
is to provide a process for applying an el ectronmagnetic shielding nmateri al
capabl e of relertirepie/eguipRankgnetic radi ati on by at | east 40 dB' s above a

frequency of 10 kHz. Accordingly, the present . invention consists in one
aspect in a proces§tfidr apfeRiber pignt dvcpeeside s preaesifortanpiuipeRFE/ radi o

frequency shie] ding, said process conprising selecting a suitable .
el ectricall ys?&ﬁiﬁggﬁoﬁ?cﬁ?\’/ﬁ’séﬁ%? SuiFable;for @lRgtaoRig: Squipmenty yhergigeseid

id I . ' I | S fluid ) ¢ bj nder, havi

act ve et al SPHHAFRE Cogbs JAFeL WLl ¢ Bcoonn adod Sesnid soplomes.
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said primary | ayer trol ess deposition a Secon el'ec ess

copper; and g@tshtiddyom Gusthdh SEEQRAhaMCEsrddiiFg | aver of metal
sel ected from ni ckel, copper, zinc, tin - _ _ -
' ' Another object is to provide a process for applying an
‘electromagnetic shielding material capable of reducing electroﬁagnetic
| radiation by at least 40 dB's above a frequency of 10 kHz. |
Accordingly, the present invention conéistsiin one.aspect in a
process for producing an enclosuré'having electromaghetic/radio
frequency shielding, said process comprising selecting a suitable
electrically non-conductive enclosure; applyiﬁg to at least one side
of said encloSure_a primary layer comprising a fluid organic binder,
having active metal parficles dispersed theréin. éﬁid binder being a
paint selected from acrylic paints, epoxy péints. urethane paints and
oil based paints with said particles being chosen from nickel, copper,
_ iron, cobalt, gold, silver, platinum, palladium and combinationé'
thereof'; depositing onto said primary layer by electroless deposition
a second layer of electroless copper; and depositing ohto said second
layer a third layer of metal éelected from nickel, copper, zinc, tin
and alloys thereof, to provide an enclosure havipg a shielding of at

least 40 dB's against electromagnetic radiation having a frequency



d alloys thereof, to provide an enclosure having a shielding of at |east
dB' s agai nst el ectromagnetic radi ati on having a frequency great-er -
N 10 kiloHertz. In the present i nventt on the el ectrically non-conductive «
base material used for a given enclosure may conprise any suitable materi al
having the requisite structural strength or other characteristics desirable
or necessary for the particular use to which the final product is to be
put. Typically, this is a cabinet adapted to receive a radi o, conputer,

m crowave Qven or..sinmlar ectroni c equi pnent and can be nade of any St
sui tabl e e%ee%tt??ctaﬁaf‘;wﬁgﬁ-lg%er\r&tfét ive or dielectric material, such as any

thermosetting ef {HaChARnSiisentesh n8 ofUddelcaUl! AGL LRI i Ch can

be nol ded to produce hed encl osure. nera , sultable no

synthetic Q@30T Wl YA bCgivenCencids@sd inay E@Hﬂ%&h@JéﬁysgﬁfEéﬁie'ma erial .
acrylonitrile-butadi ene styrene (ABS), other synthetiC organic polyneric

mat eri al s Havahgathe Yedlidite! dtFub8iran stRQIgEht o SiRer RBLYAORP EENG OXi de,
and pol ycarbonate pl astics, or any other suitable plastic or reinforced

pl asti c nudesirsblecap hscedsasy forhehe gaftRAlAl GusdBtEWMLE, theUetnats gl ass,
ceramc, glass fiber, reinforced ceram c, pressed fiber board or conposite

mat eri al s pradect hiar ebrimnpate Ayphedllgyntiia be dizabinet’ adaptedhtd wepesas and
may therefore be used as the base material for the purposes of this

i nvent i on.a Datlidke computerar vigrnovees ven\vr slinilayuielectroaic teyaisnantaand of
such materials be etched or nechanically roughened, before being coated,

t he procesanope inpdepel aayt spitabhe i electrinalip snonocombsitive sur dielectriat ment

operation other than the normal cleanup used to o
material, such as any thermosetting or thermoplastic resin or other

suitable qaterial_whiqh can be molded to produce finished enclosure.
Generally, suitable moldable synthetic organic polymeric, i.e.
"plastic" materials such as acrylonitrile-butadiene styrene (ABS),
other synthetic orggnic polymeric materials such as, without
limitation. polystyrene, polyphenyleqé oxide, and polycarbonate
plastics, or any otﬂer suitasle plastic or reinforced plastié material
can be used. Other dielectric mgterials, such as glass, ceramic,
.glass'fiber. feinforced ceramic, pressed fiber board or composite
materials made_therefrom are also known to be useful for such purposes_' -/
and may therefore be used as the base material for the'purposes of
this invention. |

Unlike prior art processes which require that the surface of
such materials be etched or mechanically :oughened,-before being
coated, the process of the presenf invéntipn requires no special
surface treatment operation other tﬁan the normal cleanup used to

remove traces of mold rlease, oil, dirt and other contamination which



renove traces of nold rlease, oil, dirt and other contam nation which
-5- nay be on the surface to be coated. To produce the product of the
present invention, the enclosure to be siielded is first coated, nost
usually on its interior surface, with a prinmary | ayer conprised of a f d
organi ¢ binder said binder preferably having at | east about 30%finely
divided netallic particles dispersed therein. In one enbodi nent of the
present invention, the binder is an acrylic paint. Those skilled in the art
wi | dr ecogni-se that other fluid binders such as epoxy, uret hane and oil
base pai nt s megrbéhenutil surfacrecqodle ebdtegdacy.. The only requirenments for the
bi nder are that it provides a uniform suspension of the netallic particles
when applied and {TRaProdugenther productpef (thedpresent tinveptionyr the engéesure
coated and that the final netal/binder ratio of the dried paint film be

preferably &P Pesbieldrsdfs SHRshyCRErPEntmosEhEsYsdiy o LE8 tPELeR: 8Tfacen ot
itical but i f b ' f 0. 1 12.7. m .. Th i nt
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ket ones and aronatlc conmpounds such as benzi ne, ene, Xyl ene an

like, to achigye. %s%?%%&gﬁ%“%bf&é”ci‘h s%r ?Eﬂ&@ii 19 AB%afY %Elf%k'f:&gis%” the

surface being protecte e neta or use In the primary layer are .
those known ¢h@t other fluid binders such as epoxy, urethane and oil base paints

~ can be used with equal efficacy. _The only requirements for the binder
are that it provides a uniform suspension of the metallic particies
when abplied and that, when dry, it both adherés to the surface being
coated and that the final metal/binder ratio of the dried paint film
be preferably_at least about 50% by weight.  The paint film thickness
is not critical but is preferably in eicess of 0.5 mils (12.7 |
microns).
'The paint can be applied by any conventional method such as
brushing, spraying, dip coating and the like. When spraying is used,
\/ the paint may be thinned with between about 1:1 to about 1:3
paint/thinner ratio with'an organic diluent comprised of relatively
volatile compounds including alcohols, esters, ketones and aromatic
~compounds such as benzine, toluene, xylene and the iike; to achieve a
proper consistency for spraying and even coating on the surface being
~protected.
Suitable metals for use in the primary layer are those known to

activate or catalyze the electroless deposition of copper and nickel



activate or catalyze the electrol ess deposition of copper and nickel - 6-

ereon and conprise nickel, topper, iron, cobalt, gold, silver, platinum
| adi um and conbi nations thereof, w tg.nickel and copper particles being ¥

preferred. For uniformand conplete coverage, the particle size is

preferably in the range of 0.5 to 10 microns. After air drying for about 4

hours at roomtenperature or for about 1 hour at about [err] , the painted

surface is nornmally ready for further processing. The process of the

present invention further involves |aying dowmn a second conductive | ayer.

To prepare therepaiand cagmniseonickedi voppbrs ixdoeddbayes golle siavePst surface

of the paint_.is preferably first etched with a noderately concentrated

caustic ri rRletipumy pgdtadium, cangt compimagionshsheraad], wivh ndtiesl endespedr

therein. Wth acrylic paint this can be done with a 5-20% by wei ght

al kal i ne so?%ﬁtﬁelr%/s RELRe Rrefiexred. vikay Natiorn| and lcompleteheoveregei rtheat er and

et ching the sy at, a teg¥erature of between about_gerr] and about

f ,
[err] ([er rf&% %cf%t%#ff ¥ PrBEITARLY Whshe 2ange af) OahdtqABf miGrony. f dftabout 3

to 5 mnutes,. wever,, Sj ncglg téstic etches tend to devel op_an

unsat i sf actry Skt e F20APCH PR &% B9 FemBeRaLure PF fPR|abouthheupyst be

foll onwed w 0aCi-doL{ n fo et ween abqut 15 conds and-about 2
mnutes to %é;ﬁg?/‘gpggf)dﬁgggt?L’giﬁﬁcﬁgipﬁ?é,sué'gﬁﬁ ﬁgngozgqaig%ere&?iy e miner al
aci ds such Rgehdk HMEbEsingydrochl oric, phosphoric and nitric acids in a
concentration of between about 10 and about 40 vol une percent in water are

al | satisfactory.Thef pRicedsV6f Ghel priksent GwveHEI R’ PubthedOthddIRLY fQinkne

; ; e
application of the final coating. /
down a second conductive layer. To prepare the paint layer to receive

this added layer, the outmost surface of the pgint is preferably first
etched with a moderately concentrated caustic rinse tb expose at least
some of the metal barticles embedded therein. With acrylic paint this
can be done with a 5;20% by weight alkaline solution, made by
dissolving NaOH, N32003 and the like in water and etching the’
surface, at a temperature of between about 110° and about 160°F
(43° to 71°¢C) for between about 2 to 10 and preferably for about 3
to 5 minutes. However, since caustic etches tend to develop an
unsatisfactory oxide coating on the freshly exposed pérticles; this
must be followed with a short acid rinse for between about 15 seconds
and about é minutes to remove sgid coating. For this, solutions of
one or more mineral acids such as sulphuric, hydroChloric. phosphoric

~ and nitric acids in a concentration of between about 10 and about 40
volume percent in water are all satisfactory. After a water rinse the
surface is now ready for-the application of the final coating.

The second coating applied in the process of the present



eIecIroIesst depasited | ayer of copper usi.ng a conventional ly supplied
nelectroless pl ati ng sol ution. One such Lution for copper is supplied

Ent hone Corporation under the Trademark ENPLATE Cu 9704. It will be
feadily understood by those in the art that other solutions adapted to

el ectrol essly deposit copper on properly prepared surfaces may be utilized
for.this purpose. For effective shielding this layer is preferably in the
range of between 1 to 5 mcrons (40 to 200 mcroinches) in thickness. This
may be achi eneentiidnhigidnmhelectroilesily deposited lap@pef coppert isimgcanbi nati on
of nickel and copper layers to reach the desired thickness. A suitable

sol uti on forcoppentdionaltnisuprligdpetdctirolesst platikgl salytihen kebrel synbler t he
Trademar k ENPLATE N 422 by Ent hone Corporation. For the process of the
present i nvéetusirn KRR CORBER St ﬁ@@ﬁ?ﬂ@e%ﬂ&?&cmm@ﬁm yndasn &be her ei n

*The second coating applied in the process of the present I nvention- |
{

above, the el ectroless platlng a_tenperature range of between
about [err] TF89eRATH 794 to f%r‘ﬂiﬂ' %ramlé(v@qq?ét?‘?ﬁ QKnEeser ange
gi ven above ,has been found to V|de t 03|t

di scerni bl e e &%@@tpﬁtﬁ'& ‘él?ﬁf "f(yf} eé’ﬁ ° %’ﬁﬁ?t

di i h d | | d dth

p:ritcgitsi ng P (RS Bl il P%fs & 32%?3‘?493 Siadred 5? R T (Y
t t RFI
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shields are a accor I'ng cribe

encl osures Rahdsh 3t té efiicﬂ&sd?u@%ebsb B cﬁfé 3HOME RRGYY, 1Phid hgylertz
qrg produced. Were sti further levels o shi ing are required or where
I S necesgyar Mcﬁﬁvﬁ&%ﬁﬁt eitier a single layer of copper or with a combination
of nickel_and,copper layers to reach the desired thickness. .A
suitable solution for the electroless deposition of nickel is marketed
under the Trademark ENPLATE Ni 422 by Enthone Corﬁofation.
For the process of thg presept invention, when using the
Enthone produced products noted herein above, the electroless plating
of Cu in a temperature range of between about 70°.to about 200°F -
(21° to 93?0) to achieve the thickness range given above has been
fougd to provide édhérent deposits having no discernible leakage paths
Y, and without introducing any dimensional distortion in the underlying
plastic enclosure. It is to be understood that processing time Qill
vary according to solution concentrations used, the plating thickness
desired and the processing.conditions_used.
. When RFI shields aﬁe_applied according to the process, as
described above, enclosures having at least 40 dB shielding for RFI
above about 10 kiloHertz are produced. Where still further levels of

shielding are required or where it is necessary to protect the



-8- electrolessly deposited |ayer from environnental or physical attack,
ch protection can be achieved by el ectroplating one or nore |ayers of -
pper, nickel, zinc, tin or alloys thegeof onto the electrol essly
eposited netallic surface. Thus it can be seen the present invention
provi des a durable, effective RFlI shielded enclosure with the shielding
being applied to just one side thereof. In order to denonstrate the-
shi el ding effectiveness of conpositions in accordance with the present -l
i nvention, a series of plastic test panels were coated in accordance with"
the process1gétrdles€lyt deposiitel Olayepdfios bl rbakerdtia of fobgbismnassadk)
attenuating el ectronmagnetic radiation in the radi o-frequency range. Exanple
1 - ABS - Batly platectionYedl A€ {dkcgved diyedldatadplathing) ondn oacmordel taysmisnt ,
cont ai ni ng about 50% by wei ght nickel particles, said particles having a
si ze rangeoBfcdppeo, Mimwkel predpcs diig pmialilopeithgredd gntel thet alertyalesslyt an
" al cohol /ester thinner, was sprayed onto one side of a test panel to a
t hi ckness dépdmditbadonet@lbic syrfacd.] (12.7 to 25.4 microns) at 35 | bs per sq.

inch (10 kg per sq. cn) air pressure to produce a dried paint filmhaving a
metal to bi nder Ahus dtofamheusestpdhe mrespat invepkion PERtddes @ dupabls 4

hours in open air after which it was etched wt 0%.cgustic.sol ution at
[err] for Sffectivei Rk sbielded enqlogpry) with e Bﬁ%\ﬂiﬂg Wqé‘g i 't{'é’r
rinses. The etched P{iﬂa&g was, t hen deoxi di zed with an acid rinse conposed of

- 20% by vol dHB® (@ § eE¥ by vol ume HC1 solution in water, for 30 seconds

followed by 3 m)rlg gl(‘)tie% @@tcﬁ.;lonstrate the shielding effectiveness of

W,
cbmpositions in accordance with the present invention, a series of
plastic test panels were coated in accordance with the process of
present invention and tested for the effectiveness in attenuating
electromagnetic radiation in the radio-frequency range.

Example 1 ~ ABS - Borg Warner CYCOLAC (Registered Trade Mark)

An acrylic paint, containing about 50% by weight nickel
particles, said particles having a size range of 1 to 5 microns, said
paint being diluted with 2 parts of an alcohol/ester thinner, was
sprayed onto one side of a test panel to a thickngss of between'o.s
and 1 mil (12.7 to 25.4 microns) at 35 1lbs per sq. inch (10 kg per sq.
cm) air pressure to produce a dried pa;nt film having a metal to
binder ratio of about 70%. The pgint was allowed to dry for 4 hours
in open air after which it was etched with a 10X caustic solution at
140°F (60°C) for 3 to 5 minutes, said etching being followed by 3
cold water rinses. The etched plate was then deoxidized with an-acid
rinse composed of 20X by volume HzSOu-plué 5% by voluhe HC1

solution in water, for 30 seconds followed by 3 more cold water



ri nses. The now deoxi di zed panel was el ectroless plated in Enplate Cu 9704
at [err] to.[err] ([err] to [err]), said plating being followed by an
additional 3 cold water rinses. The copp&=- plated panel was in turn

el ectrol ess nickel plated using Enplate NN 422 at a pHof 5.0 to 5.2 a
tenperature of [err] to [err] ([err] to [err]) for 8 to 10 mnutes. This
was followed by an additional cold water rinse and the finished panel

dried. The results obtained were as follows: Cu Thickness 36

m criei nches (.9 mcrons) N Thickness - 12-15 mcroinches (.3 -.4
m crons) Chmisse®. before plating .574 Chms Sg. after

pl ati ng . 033 Frequency (MHZ 30 100
300 1000 dB ArTenpey jd§Axidized panel was elecipgless plated in Enpigte Cu 553

Ex | 2 A - B YA : AC i st d_Trad kY KIM (FR) Th
pr g(r:rgsg of %igﬁ‘p?glgs\/\/a%nﬁr@gg%%vﬂ &g{fﬂgsﬁgﬁplﬁéﬁébﬁw’%{%% ed wi E h 2<yl eﬁe
tt i nt f h ith t | | i ckel .l
neino- o t £ APToRES by B Haaffonalt 4 Uahq Heehe HEeBaPCThS GRDeR' SdERa; 1%,
i 30t ] h ' . i : hj
126" or of ndipet 9531 rurh E1atp Bl G Y bl BRI NS00
taken Chmi's pfopad IPhoPd 3 LRF a temperature of P3® to 140%F (57° to
60°¢) fof 8 to 10 minutes. This was followed by an additional cold

water rinse and the finished panel dried. The results obtained were

~ as follows:
Cu Thickness 36 microinches (.9 microns)
Ni Thickness 12-15 microincﬁes (.3 -.4 microns)
Ohm's Sq. before plating .574
Ohm's Sq. after pléting . .033
. Frequency (MﬁZ) | ' 30 100, 300 1000
dB Attenuation . >55 >77 >73 >53
Example 2 ABS - Borg Warner CYCLOLAC (Registered Trade Mark) KJM (FR)
o/ .. The process of Example 1 was repeated with the paint being

diluted with xylene one part to one part paint and further with the
electroless nickel layer being omitted. The panel being sprayed to a
paint thickness with 1,2_to 2 mils (30 to 50 microns). The following
results were obtained:

Cu Thickness - . 126 microinches (3.2 microns)

Ohm's Sq. before plating | : ‘not taken

Ohm's Sq. after plating o .015 -



- Frequency (MH2) 30 100 300 1000 dB
huat i on >55 >67 >75 >67 Exanple 3

carbonate - CGE LEXAN (Registered Teame-Mark) 500 (FR) The process of
Exanple 1 was repeated with a sprayed paint thickness of .8 to"1.0 mls (20
to 25 microns) and with the follow ng results being obtained: Cu Thickness

112 mcroinches (2.8 mcrons) N Thickness 12-15 m croi nches
(0.3-4 microns) OChnms Sq. before plating . .343 Ohnls Sg. after.
pl ati ng . 005 Frequency [err] 30 100 -,
300 1000 dB Attenuation >55 >67 >75 >76

Exanple 4 ABS - Borg Warner CYCLOLAC (Regi stered Trade Mark) KIJM (FR) The
process of Hregueney IMB&S repeated with 3he did@ent [380ng 0ABOBart of a

m xture of 1:1 diacetone al cohol and |so ropyl  al cohol No further

processi ng GRadtERNEEIMe fol |l owing rest?s wet@d obt A7A ed @AM s Sq.
. 125 Fr equency { I : 100 o0
46 >b5 Exampled Polycarhonats A {Bexiste ade Ve

(P T provess g, e o U bl Vol WA R 22
m croi nCheSth(J.%kgeJQ ggor’gs)to 1.0 nils (20 to 25 microns) and with the following

results be1ng obtained:
Cu Thickness 112 microinches (2.8 microns)
Ni Thickness 12-15 microinches (0.3-4 microns)
Ohm's Sq. before plating .343

Ohm's Sq. after plating .005

Frequency (MHz) ' 30 100 300 -1000
dB Attenuation . 355 >67 >75 >76

Example 4 ABS - Borg Warner CYCLOLAC (Registered Trade Mark) KJM (FR)

The process of Example 1 was repeated with the diluent being
one part of a mixturé of 1:1 diacetone alcohol and isopropyl alcohol.
No further processing was done. The following results were obtained: v/

Ohm's Sq. - : 125

Frequency (MHZ) 30 100 - 300 1000

50 46 - >55 50

Example 5 PPE - GE NORYL (Registered Trade Mark) CRT 200 (FR)

The process of Example 1 was repeated with a spray thickness of

2.2 to 2.4 mils (56 to 60 microns).



"Ni Thi ckness - o 18-20 m croinches  (0.45 to 0.5 mcrons) Chnms Sq.

before plating N .175 OChm's Sq. after plating _

. 015 Frequency (M) 391 - 100 300 1000 55 :
. >67 >78 © >71 Exanple 6 Borg Warner CYCLOLAC (Registered Trade

KJU (FR) The process of Exanple 1 was repeated with the exception tha@i

pai nt produced a dried filmhaving a netal to binder ratio of about 80%

copper particles having a size range of 1 to 5 mcrons. The foll ow ng

resukts were obtained: Paint Thickness _ 3 mls (77 mcrons) Cu
Thi ckness - Cu Thickfiesd cr oi nches (6528iarotnaies) (N6 dhcwdns¢ss 12- 18

m croi nches (0.3 to 0.5 mcrons) Chnms Sg. before plating . . .035
Ohm's Sq. after pNatThigkness .Olg-m-@them-@)lls to 0.5 microns):
30 100 - 300 1000 dB Attenuation _ 55 >67
>77 >70 = -12- CLAIMS 1. A process for producing an encl osure

‘havi ng el ectromagnetic/radio frspgluency shiel ding, said ﬁor ocess conpri sing:
a) selecting a suPbmif Sde Rafere Rlatinion- conductive eWd osure; b) appl ying
to at |east one sigde of said enclosure a primary |ayer conprising a fluid

organi ¢ bi nder, hgg‘i’ SqctahFer Rkt ar ti cl es di sper %@ therein, said

bi nder bei ng_a paint ected fromacryl,LC paiLpts, e y paj{s, urethane
pai nts and gF'Fq §§d“§§:) Iib &8‘5 ?&f a"-dbb

nts with said
: ' 55 367 78  >7T1

Example 6 Borg Warner CYCLOLAC (Registered Trade Mark) KJU (FR)

The process of Example 1 was repeated with the exception that .
the paint produced a dried film having a me;al to binder ratio of
about 80% copper particles haVing a size range of 1 to 5 microns. The
following results were obtained:

Paint Thickness 3 mils (77 microns)

Cu Thickness 11 microinches (0.28 microns)

Ni Thickness 12-18 microinches (0.3 to 0.5 microns)

Ohm's Sq. before plating .03%

\/ ' Ohm's Sq. after plating 015

Frequency (MHZ) 30 100 300 1000

~ dB Attenuation 55 - 7  >77  >70



particles being chosen from nickel, copper, iron, cobalt, gold; silvér,

_platinu ' conbi nati ons thereof; c) depositing onto said
rrary”“lmmllmlmlmﬂnml ess depositiofizx second | ayer of el ectroless
pper; &ndcd)t deosittng onto said second |layer a third layer of netal
sel ected fromnickel, copper, zinc, tin and alloys thereof, to provide an
encl osure having a shielding of at |east 40 dB s agai nst el ectronmagnetic
radi ati on @#&MMBg a frequency greater than 10 kiloHertz. 2. The process.
of Claim1, wherein said non-conductive enclosure is fabricated fromthe ‘s
group consi sting of nol dable thernosetting resins, noldable thernoplastic
resins, rejnforcgd thernEsettigg. resins reinf%rced t her nopl asti c resins,
g Feit :

gl ass, cerknic, YPESESSS HF PTPSFGH M BB LICIPEWST Pe%t & sed fi ber board and
it | f 3 . ' d ai
Lo Sl i B A58l ALY, S

2, wherein’sai ayer y has a I nder

| east about 50%hy V\ﬁgjr'%ng a gh_l@ébl%. F]éesgthrIEEJJR{ Qﬁﬁ%nﬁtxg[:ﬁfe%r gﬂ:gl.eo%%féf"e

precedi ng cl ai ns, eln Salrd partic ave a size In

between 0.5 and gh0 BhSTRARE- td-at leastNnd 5286856 Sbid Bhc2B8u atppimcedi ng
clainms, wherein in step b, the thickness of said coating is at |ast about

12 m cronsidy@rocdiipresinga fluidlBfgdiieChifee] MiIWIng Etabelhtall fxadclds
clainms, wherein said primary layer is etched to achieve at |east a partia

renoval ofdiisbersddjaherein,nseid biinder Belmfilal PELrO s@FedtedeRyas achliceast a
portion Ofpaints,.epoxy paints, urethane paints and oil based paints with said
particles being chosen from nickel, copper, i:on, cobalt, gold,
silver, platiﬂum. palladium and combinations thereof;
c) depositing onto said primary layer by electroless
deposition a second la&er of electroless copper; and
d) depositing onto said second layer a third layer of metal
selected froﬁ n;ckel,‘copper. zinc, tin and alloys thereof, to provide
an enclasure having a shielding of at least 40 dB's against
electromagnetic radiation having a frequenéy greater than 10
kiloHertz.
2. The process of Claim 1, wherein said nqn¥conductive enclosure )
is fabricaféd from the group consisting of moldable thermosetting
resins, moldable thermoplastic resins, reinforced thermosetting
resins, reinforced thermoplastic resins, glass, ceramic, glass fiber,
reinforced ceramic, pressed fiber board and composite materials made
therefrom. _
3. The process of Claim 1_or Claim 2, wherein said primary layer

when dry has a metal to binder ratio of at least about 50% by weight.



said ' netal’ particcles. 7. The process of Caim6,. wherein said expos
metal particles are! deoxidized by rinsing the ﬂmnﬁmelmﬁlgﬂwmth an
golution prior to the performnce of steplg=s 8 of anyj
of the preceding clains, wherein the conbined t hf ckness of the second 2
third layer is in the range of between 1 and 5 mcrons (40 and 200

m croi nches). 9. - The process of any one of the preceding clains, :
wherein the third Iayer is applied by electroplating. 10. The process of
any ‘®sne of aims L. to wherein the third layer. is a | ayer  of

el ectrol essl y* pl at rﬂreﬁ"e?s of jany onenf ﬁ?%%gewgaﬁjgﬂlﬁﬁe Wrerei ssidcedi ng
| ai , - Wh d | ect | t 0.3
m orons (11 PPR5iEs TERECE siR¥iln The Sy 3%3%%%5 Bt eaﬁyf%ﬁégg?snst he
' di | a nt

Phe encl asurs: w t hihEtsledd B2PiyTBAY QUYL deScOihe Sfaid, ‘%‘ i Raotey’
13. An eng| el enianbsd) o 8£1d QBREAR 16/dR b T Bsmjl%cae{ 1l |n€d'§g’ sai d

encl osure belng fabricated by a process conprising )
sui tabl e el egiyg)gal I y non-conductive enclosure; b) applying to at .l east one
side of said enclosure a primary |layer conprising a fluid organic binder '

having acti vé. met athe prbiedscof dinyPons & tHE pRbfeding! ldind(ahebiGadapai Nt
selected fromacrylic paints, epoxy paints, urethane paints and oil based

pai nts with seimirpaldyec| ts dtehed) tohactdevé rauleaskal payiaperemovaDIbf epdal t,
gold, silver, platinum palladiumand combinations thereof;
organic binder in said coating so as to expose at 1east a portlon of

- said metal partiéles.'
7. - The process of Claim 6, wherein said exposed metal particles
ape deoxidized by rinsing'the-#urfacgs thereof with an acid solution
- prior to the performahce of sﬁep c.
- 8. The process of any one of.the preceding claims, wherein the
- combined thickness of the second and third layer is in the range of
- between 1 and § micronsl(ud and 200 microinches).
Q. The process of any one of the preceding claims, wherein the
third layer is applied by eléctroplating, |
o/ 10. = The process of any one of Claims 1 to 8, wherein the third
layer is a layer of electrolessly plated nickel.
11.  ~ The process of any one of the preceding claims, wherein the
second layer of electroless copper is at least 0L3 microns (11 micro-
inches thick.
12; The process of any one of the preceding claims, wherein the
primary ia&er is applied by spray-painting the enclosurg with the

organic binder containing the metal particles. »



c) dep05|t|n on saldqirlnary | ayer by el ectrol ess dep05|t|on' a second

G T 5 S T e

ess nickel, electroless copper and
Ji nati ons t her t'o provide an enclosure having a shielding of at |east
40 dB's agai nst el ectromagnetic radiation having a frequency greater than
10 kil oHertz. 14. A process for produci ng an encl osure havi ng
el ectromagnetic/radi o frequency shielding substantially as herei nbefore -

Cejlezg{ Ir grerg hih %eéﬂ%§u£é3 h@OYné’felE?@rml%?ra&% ecﬁ%n dragy ﬁ}{'aVi iy
gnetic/radio trequency shielding subs antla y as ereln ore
described Whid dnRliS&ieC Beirk Q.B.Urﬂ:fatE@Q)yE&aﬁﬂiHc%§s comprising: .
a) selecting a suitable. electrically non-conductive enclosure;
b) applying to at least one side of said enclosure a primary
layer comprising a fluid organic binder having active metal particles
dispersed therein, said binder being a paint selected from acrylic
paints, epoxy painfs, urethane paints and oil based paints with said
particles being chosen.from nickel, copper, iron, cobalt, gold,
silver, platinum, palladium and combinations thereof;_  e ~’
c) depositing on said primary layer by electroless deposition
.a second layer of electroless copper; and !

d) depositing onto said second layer a third layer of metal
chosen from electroless nickel, electroless éopper and combinations
thereof to provide an enclosure having a shielding of at least 40 dB's
‘against electromagnetic radiation having a frequency greater than 10
kiloHertz.

14, A process for producing an enclosure having
electromagnetic/radio freq&ehcy shielding subétantially as - [\
hereinbefore described with reference to any.of the Examples.

15. An enclosure having electromagnetic/radio frequency shielding

substantially as hereinbefore described with reference to any of the

Examples.




