- 1 - DUAL ELASTOVER GAST SHI ELD FOR ELECTRONI C EQUI PMENT Field of the
| nvention The present invention relates to the shielding of electronic
equi pnent and, nore particularly, to gaskets for cabinet. encl osures, which
cabinets are adapted to receive electronic equipnment, the ga I\
to shield the el ectronic equi pnent from damage due to exterr%%gt?E?Ekﬂgﬂ%
el ectromagnetic radlatlon Background of the Invention Producers of
comerci al el ectronic.equipnent, not to nention defense applications, are
being forced to i nprove the performance of shielding devices to counter-
act el ectromagnetic interference conplicated by the ever higher frequencies
of energy generation in and beyond the negahertz range. Openings in
cabi net enclosures for access doors, hinges, etc. nust be so protected by
the use of suitable shielding. This has been an ongoi ng problem and various
spl uti ons have been proposed, these prior solutions however being
unsatisfactory fromone or nore points of view. Thus, the prior devices
have been insufficient frompoint of view of at | east one .or nore of the
fol- |l ow ng requirenents: - 2 - 1. Attenuation of internal and
“external interference using oasketlno wnth resistive values mnthln t he

: T SHIELD

range of 0.1 to 0.001 ohp¥ePPans A
FOR ELECTRONIC EQUIPMENT

ie e _Inventi
The present invention relates to the shielding €"
of electronic équipment and, more particularly, to B
gaskets for cabinet enclosures, which cabinets are
' adapted to receive electronic equipment, the gaskets
serving to shield the electronic équipment from damage
due to exterior electromagnetic radiation.
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Producers of commercial electronic equipment,
not to mention defense applications, are being forced to
improve the performance of shielding devices to counter-

" act electromagnetic interference complicated by the ever
higher frequehcies of enéfgy generation in and beyond
the megahertz. range. Openings in cabinet enclosures Qa
for access doors, hinges, etc. must be so protected by
the use of suitable shielding.

This has been an ongoing problem and various
solutions have been proposed, these prior solutions
however being unsatisfactory from one or more points of
view. Thus, the prior devices have been insufficient
from point of view of at least one or more of the fol-
lowing requirements:
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attenuation from30 to 90 dB. 2.  Low conpression set of the gasket so

| oRg t er m nechani cal sealing is maintai'ned. '3. Superior physi cal
properties of the gasket .to prevent failure due to tearing forces. 4. :
Resi st ance t o’ reduced el.ectromagnetic shielding due to oxidation. 5. Ease
of cleanliness mai ntenance. 6. Freedom fromfree netal chips as occurs
wWth the initial fitting and subsequent -=d@terioration of netallic neshes
and’ metal assenblies. 7. A neat appearance of the shield. 8. Ease of
instal | ation and repl acedent . Aftenupgionoof daternad amdalextiermad designs.

There are pr esQﬁtbrfafahlcabhamgurgaékiai;%gnmthp%sqfstci&m Reliued el di ng

neans which su n r fects a3 f Pro
Pr|n0|pal Inad&dué&g %h% Eggg %% ﬁlgthI§§?§ cghggﬁﬁﬁﬁg ny falls
‘of f 'i n the hi gp&tenvagioncEromge ko SQeas. Fllled El astoners Poor

physi cal properties (conpressiie ok rb%&ﬁonehét)oQ thie 'gals)dées koM lohg
Hard to cut cl%anly for _El.as corners; chips of free

metal 4. Met alPFlr BSghanic a1’ seai&ng BFfPF&UtFiPSdKeep clean, (Spring-like
fingers) oxi dation SunnaBppetzbhephgsénaﬂoprbpertibben@f¢he an obj ect

of the prese“tgh@&%%tk%ﬂp&%wﬁﬁﬁr%QE&uQ%fhﬁbeQB'%éakﬁnbh%o&hh%r art SUCh

4. Resistance to reduced electromagnetic '
shielding due to oxidation.

5. Ease of cleanliness maintenance.

6. . Freedom from free metal chips as occurs
with the initial fitting and subsequent deterioration of

RVR
o metallic meshes and metal assemblies.’
' 7. A neat appearance of the shield.
‘8. Ease of installation and replacement.
9. Low cost relative to alternate designs.
There are presently available four different
types of cabinet shielding means which suffer one or '
more defects. These are as follows:
Product Principal Inadeguacy
1. Carbon Filled Elastomers Shielding ability falls
- off in the higher
frequency range
2. Metal Filled Elastomers Poor physicél properties
- o _ (compression set, tear,
-/ ~etc.)
3. Metal Mesh with o Hard to cut cleanly for
Elastomeric Core corners; chlps of free
- metal
' 4. Metallic Seals | Difficult to keep clean,
: (Spring-like fingers) oxidation
Summary of the Invention

. o It is therefore an object of the present
invention to overcome deficiencies in the prior art such
as indicated above.



as indicated above. - 3 - It is another object to pravide an, jnproved :?f

- gasket shi-elding material for electfonic equipnent:. 1t s yet another
~object of the present invention to provide dual - elastoner gasket shiel ding éﬁ
for counteracting 5 ~ electromagnetic interference. The: present

I nvention provides a flexi-ble gasket elenent for counteracting

el ectromagnetic interference, said etegent conprising a relatively t hi ck

. elastoneric inner layer integral with a relatively thin elastomeric 10
outer layer, said outer |layer being of an el astonmer which is netal filled
for attenuation of electrical energy, and substantlally the'entire area of
~said outer. |ayer bblngsﬁnﬂﬁhQQdObytheﬁQNRﬂ°V¥®%ranlﬁNﬁﬁﬂY%%1Q§SREMt -

~the inner 'aaﬁieféﬂnarﬁatéﬁlsngboé5e1ectréﬁiena&blgﬁénaood elasticity,
while the outer layef can be efficient at countl_)ﬁe acting or, attenuating

el ectronmagneti c rifi 28 ¥Rt RROTNRRPPISFS ofa %RyeWQﬁQEKFQCN 3
exagpl eblof Eﬁfd&gﬂfiél a{éam Leubbebme&n@alske}tars}hlﬁllmd g{)dmcbdlﬁn%tl'actlng f
car ac n uned sili.ca silicone rubber. The el astoner o
t he outer ?g cﬁﬁym%%n? b%e?né gegéﬁgg | ayer may have between 5 and 20

times the th| ckneBheofpmagentutimventyion proviidesr eaerébéyilab@utqukeﬁ nes

as thick.  Tofef RLhE! é&yeeoﬁmegscte%weea gcé‘ﬂgm§ggét ézsféﬁs,&%ﬁe The.
i nner -and outer ayers _ em cal’ly onded toget exanpl € by
bel ng co- ext§¥tRd element compr1s1ng a” relatively thlck elastomeric -

_ _inner layer 1ntegra1 with a relatively thin elastomeric
10 outer layer, said outer layer belng of an elastomer which
is metal filled for. attenuation of electrlcal energy, and o
substantially the entire area of said outer layer being N/
supported by the 1nner layer.

.In such an element,.the 1nner layer can prov1de hlgh'

15 _' strength. and good elast1c1ty, whlle the outer layer can’ be
efficient at counteractlng or attenuating electromagnetic
radlatlon. '

The inner layer may be conductlve, formed for example
of carbon filled rubber, and in partlcular formed of

. 20 carbon-black and fumed silica relnforced silicone rubber.

"The elastomer of the outer layer -may be rubber.

The inner layer may have between 5 and 20 times the .
thickness of said outer layer, and is preferably about 10

" times as thick. The outer layer may be between 2 and 8
25 'mlls thick. S i

The inner. and outer 1layers may be chemlcally bonded .
together, for example by being co-extruded.

The element. may-be'secured to a metallic substrate, .

_ preferably chemically locked to sa1d substrate such as by
.30 co-extrusion ‘onto the substrate. '

The nature’ and -advantages of the present invention
will be more apparent from .the following detailed
description of certain specimen embodiments thereof, taken

" in conjunctioh with the drawing, wherein: : v



-The ‘el ement may be secured to a netallic substrate preferably . ¢hentcally
Idgked to said substrate such as by 30° ‘co-extrugion:onte the
substrates The nature and advant ages of the present i nvention will be nore
apparent fromthe foll owi ng detail ed description of certain specinen
enbodi nents thereof, taken in conjunction with the draw ng, wherein:
Brief Description of the Draw ngs Fig.-14i8 a perspective view of an EM
gasket according to the present invention, show ng one general 5
configuration; Figs. 2a - 2f are end views of other possible
configurations, Fig. 2d being sonemhat simlar to the enbodi ment of Fig. 1;
~and Fig. 3 is an enlarged RxisfPescyiptdon afashe Dravwdnas, t he
gasket of Fig. 1. Detailed Description of the Enbodlnents Fig. 1 shows one.
typi cal general con uratiopn of an 15 asket _10_acc the
present inventi.on, % 8|'ng£'a Het f# B pﬁ&tllvfz Xﬁ‘& Wy PhbbRP q&ﬂ g%tﬂﬁet
gdhereg togethaccor&ngg t2a theéf presentarinventiidngr slyowing bnemgeﬂundlrmw
e use The ¢ is formed of an elastoneric inner 20 .
$§ figagéétéﬁ conducti ve. To

portlon 16 wh erably, but not necessarily,
this portion 16 is Bégfmne?a| y- b@fdearepr endr aviewsy @6H- otheri eessiblien

the die, a relgbh¥fhirabions Uislg. Shaaibeiy WomeiMat | Bimi%hr "&S akhe

filled 25
_ embodiment of Flg. 1; and
Fig. 3 is an enlarged partial cross-sectional view of
10 the gasket of Fig. 1.
: _ Detailed Description of the bodiments

Fig. 1 shows one typ1ca1 general conflguratlon of an
15 EMI gasket 10 according to the present 1nventlon, having a
metal clip part 12 and a rubber gasket part 14 adhered
togethér. Figs. 2a - 2f show various other typical'forms_
which may be used.
The gasket part 14 is formed of an elastomeric inner
20 pbrtion 16 which is .preferably, but not hecessarily,-
conductive. To this portion 16 is permanently bonded,
.preferably by co-extrusion within the die, a relatively
thin outer sheathing or «covering of metal filled

e

25




- .5 - elastoner.. Fromthe enbodi nent, of Fjgs 1, 3, 2a,, 2b; and 2d-2f, it . d
will be understood that such a gasket may be co- extyuded and bonded durlng sf
extrusion onto nmetallic and conductive non-netallic shdpes:fdr’convenient =%
assem bly to cabinets. FromFig. 2c, it will be understood that -t he '
gasket material can be provided in other shapes which can be subsequently
attached to a suitable sub- strate. 1n general, the extrusions are nade in .
continu- ous |length, shaped to any=dgsired uniform cross- sect,jon. The
product can be forned onto a nmetallic carrier, for example a flat netal
strip (see Figs. 2a, 2e and 2b) or a roII-forned shape (Figs. 2d and 2f) by
passing the nmetal -substrate through the co- ext'r usi on tooling in a

conti nuous process. The inner portlon 16 is chemcally | ocked to the

metal lic | ayer .t hus ensurlng:tran 'ssion of electrical_ energy un- i npeded

bet ween t hE1AFEOMEL ok Ofh Flish emRadiment of Figs. te Jnnedr i afer 16 is.
construct ednd§ 2d-2if,0rg eHidl G midEitsod | thet dudifsa gpRskebysagal

eobver nBse SEriRriadil s Horded $fy ShatiRiod At fttaddlel 0 |
desirably eanﬂbmnﬁwqtéaer mmmetﬁieli@tsdxanea 1far sanrenientvassen=18

provi des aphiygkey c@%ﬁrﬂ%@ts‘)f FA 48l Orwf led eﬁtm G L a&n presently
avai | abl e non- net al d el astoneric sh i el d- On the ot hand, such.

metal fill &Bag &%H@Fk&&&‘%e&ﬁéla§a& ot anﬂvr;gi%tia .%ﬁh%nf%mew om poor '
.phySI cal pwhgeht can bensubsementlyl @titathed dcsaisifitable sub-

strate. 1In general, the extruSLOns are made in. contlnu—
ous length, shaped to any desired unlform cross- _ .
section. : S v/
The product can be formed onto a metallic
carrier, for example a flat métal'stfip (see Figs. 2a,
2e and 2b) or a roll- -formed shape (Figs. 2d and 2f£) by
'passxng the metal ‘substrate through the co-extrusion
. tooling in a continuous process. The inner portlon 16
is chemically locked to the metallic layer thus ensuring
transmission of electrical energy un-impeded between the
co-elastomer and the metallic carrier. .
~ The inner layer 16 is constructed of a strong
_ elastomeric material-whiCh,has_good physical properties,
i . including high tear resistance, as well as the ability
to recover shape after deformatién,-i,e; - good elastici-
ty. This material is desirably carbon filled rubber.
' The metal filled exterior covering 18 provides
a higher degree of attenuation of electrical energy than
presently”available-nonemetal filled elastomeric shield~ .
ing. On the. other hand, such metal filled elastomer
used alone as a shielding material suffers from poor
physical properties, including low tearing resistance,
and its recovery of shape after deformation is poor.



_amd Its recovery of shape after defornatlon IS poor. The netal filler
dégs not reinforce the el astomer and acts as a diluent. Furthernore, as the
cost of the netal; usually silver, is relatively high, it is desir- able to
‘mnin ze t he quantlty of the naterlal used. By chem cally bonding a

metal -filled elastomer 18 to a carbon-filled el astoner substrate 16, the
anount. of expensive netal filler used is m#fimzed and the tear resistance
and conpression recovery of the gasket 14 substantially inproved. In

addi tion, the Theendtal Eilderi dogespotsreinfounei theyelastowed endr the

Eéfn?L.ﬁa22?2|%F*ge§?¥32?*i:%2§”eaﬁ§bePS§§9*3t o eﬁ%'hﬁz*'sén*“e‘°en the
two el ast oner s™ Eggénd“§§a§¥¥ §fiﬁFFa ﬁeﬁﬁgngKSE ebigﬁaeg 8F¥3§hre of
co- extrusion, ahdeutptpinimike theuluantiyyskét the natarédlansed.ectrical
and physical results arengEhQHEhahiXWthdQﬁguQdﬁéﬁ%gaﬁiﬁﬁéh g%@dqﬁﬂ%rs 16

and 18 are conductive ept t e outer I S consi derably nor e
conductive whi 8 Fﬁealﬁﬂ€P°PaféﬂlfG P§3F59§e€oﬁHB§FFGE°b&§ N amovRde
and with bettebfpeypensiee peeadr fitlerThswdais hondmdzen &ﬁdeﬂxrelJS‘Jeﬁli' l n a

o thor one: uoegodiEénchdnk  KEpBEQY i8] rBUBTEEY! of BB GABKeE: ?'?hixe[he
outer coating, sypstangbp}lynimproveder & gddig&cn»nsbeashnnﬂdnnmhen such
{ﬁger 16 is hObEQ@b@&vBthsfSEVQﬁbsEEﬁE§E§Q§Yiﬁbr6vbh'Gbﬂﬁsihhﬁﬂéﬁ‘@E 10:1,
carbon-filled rubber alone. The product is easily
cleaned to maintain shielding effectiveness and presents
a neat appearance. o

When the two elastomers 16 and 18 are simulta-
neously bonded under. the pressure of co-extrusion, the
unity of the resultant gasket is assured and electrical
and physical results are optimum. '

It will be understood that both layers 16 and
18 are conductzve, except that the outer layer 18 is
considerably more conductive while the inner layer 16 is

 less conductive but much stronger and with better physi-
cal properties. They are bonded by co-extrusion in a
molecular sharing way, and thus provide a superior
electrical shield over either one used alone.

The inner layer 16 is substantially thicker
than the outer coating, preferably on the order of 5 -

20 times as thick when such layer 16 is hollow as pre-
ferred, preferably at a thickness ratio of 10:1, the
outer coating 18 desirably being 2-8 mils thick and the
inner support layer 16 being 5-160 mils thick, prefera-
bly 20~80 mils thick. ) ' - .

The inner support layer may be formed of a
variety of elastomers, but preferably it comprlses an
elastomeric silicone polymer containing fumed silica and
carbon black as reinforcers, plus a suitable cross-
linking agent. Alternatively, the inner layer 16 may be
composed of a non-conductive silicone elastomer, such as



.,

- outer.coating 18 desirably being 2-8 mls thick -and the inner support Ia&er,.4
- 16 being 5-160 mls thick, prefera- bly*20-80 mls thick. The inner support,l .
| ayer -may be formed of a variety of elastoners, but préferably it conprisess
an el astoneric silicone polymer containing fumed silica and carbon bl'ack as
reinforcers, plus a suitable cross- riﬁE]ng agent. Alternatively, -the inner:

| ayer .16 may be conposed of a non-conductive silicone elastonmer, such as =~ .
one conpri sj Lo ' gu "gsilica and a,cross- Linking agent. The
covering |ﬁ$£€ %%&#gféihgaﬁ}liggsgeﬁhﬁf gﬁmgga§§gﬁﬁfien§iPiEEﬁEspblyner L
filled withyPEsRI AIBbperTRRBRVESiNGdlaver 38| éor suikebllyl Ifosmed Exanple
i's offered of | anterastamhgriSusibbbonarpeLyaes £1OTLdNSENt §1h@eMdhe inner

d out - ! L B, le 1, d th ti f th
and outer %ﬁé?@;%%%légé%%d:)ﬁ%g%/rég%gg e an e properties o e

resul tant gas n r ‘Tnvention are set forth in Table
- 2 below. Tabel 1 INNEF!‘%I#?@lOWlng ExamplgELs GoREesedi cone Pol yrer 1

00 parts byilneagt¥ativ parts by weight Fumed Synthetic Silica 30 parts
" .by weight 0 Carbon Bl ack, Ketjen E300 ; 20 parts by wei ght 0

Si | ver Coated Copper O : - 70 parts by weight Dicunyl

Peroxi de Curative, 90 Active . EXBMPEEts by weight =~ 2 parts. by

wei ght Colorant = syjtable materials from which “€bCf52R Ehe

inner and outer corés are set forth below in Table 1,
and the pto'pe‘rties of the resultant gasket accofding to
the present invention are set forth in Table 2 below.

Snido_ne Polymer ~ . 100 parts by weight - 100 parts by weigm ' |
Fumed Synthetic Silica - 30 parts by weight 0 :
Carbon Black, L '
Ketjen E500 _ 20 parts by weight 0
Silver CoatedCopper = O R 70 parts by weight
DiCumyl Peroxide Curative, ' : . -
903 Active 2 parts by weight _ 2 parts by weight
Colorant ' : . Selectable
Metal Bonding Agent ~as applicable .0
"Iypicol Combined Properties of Silicone & Carbon With |
| _ ] - - ; o |
Volume Resistivity, ASTM D=9 - ~ 0.02 ohm-cm
_ Sheilding Etfectiveness, dB at 10 GHz Plane Wave 85 Minimum
Spectfic Gravity, combined 1.25
Tensile Strength,. psi 700 -
‘| Elongation, % : - 165
- Tear Strength, 1b/inch : - 67
Durometer Hardness, ShoreA 60
Compression Set, Method B-22Hrs. @ 212°F - 248




\NEt al Bondi ng Agent as appl icable . .0 TabI e 2 Typlrcal Cdnbl ned
“Reggerties of Silicone.& Carbon Wth Sil ver-Silicone Co+ Ext,f ust on Cover

Vol ume Resi stivity;: ASTM D-9 1 0.02 ohm cm Shei | di ng
Ef fecti veness, dB at 10 GHz Pl ane Wave 85 M ni mum Specific Gavity,
conbi ned _ 1.25 Tensile Stréhgth,. psi
700 El ongation, [err] - 165 Tear Strength, _
| b/ i nch : 67 Duroneter Har dness Shore A - 60
~Conpression SE&..A %t hod B-22Hrs. [err] CLAIMS 1. A flexible gasket
. el enent for teracting electromagnetic interference, said el enent
_corrpr|S|nga5 : rel atively thick elastomeric inner layer integral wth

a.relatively ghin gl aSE?QFEPﬁ'eOUt ggsj‘g{er .. e?@hgneu'f gfofayeéo L & 4 rﬁgnd

el astomer which is nmeta attenuation of ectrical energy,
subst anti al | yelpetEamrgRekica itexferencer sajdr oewRPLUFEBPEASiBY the

| oyer Pe” Cond ﬁ%‘?&é‘*e“?s 10 FREEARTY Mnde thper AneagA e
whor i sar o Fahetivaly, tnd® Slestomrtis puer I1eT A ORter CLAYeR

‘el ement accor Beliigt Of Cani ¢l & trdmsere iwh ilde :annen:an.a:ﬁiellearmr Ststenuation
‘conduct i ve, CQEb8TeBL§EEai‘”QnLHE§d Sha' SGoLEARLPITRY Shd ' GRFd YRRA of20

said outer layer belng supported by the inner layer.

10
_ 2. A gaskét element accordihg to claim.1 wherein said
_ . inner layer is conductive.
3. A gasket element according to claim 1 or claim 2
15 wherein said inner layer is formed of carbon filled rubber.
4. A gasket element according to claim 3 wherein the
inner layer comprises a conductive, carbon-black and fumed
silica reinforced silicone rubber.

. 20 _
a 5. A gasket element according to any preceding claim
wherein the elastomer of said outer layer is rubber.

. 6. A gasket. element according to any preceding claim
/. 25 wherein said :i,nn'ei‘ layer has between 5 and 20 times the
thickness of said outer layer.

7. A gasket element according to claim 6 wher_ei_n said
inner layer has of the order of 10 times the thickness of

30 said outer layer.

8. A gasket element according to any preceding claim
wherein said outer layer is between 2 and 8 mils thick.

* ¢ L MK s %



5. . A.gasket elenent accordi ng to-any. precedi ng cIa|n1Mherern t he elastoner
of - sa|d outer layer is rubber. 6. A’ gasket el enment’ accordlng to any
ptecedi ng cl ai m 25 wherein said inner |ayer has befweeéh' 5 and 20 tines *
t he thickness of said outer layer. 7. A gasket element according to claimé
wherein said inner layer has of the order of 10 times the thickness of 30
‘said outer layer. 8 A gasket el enent acco?d'ng to any preceding claim
wherein said outer layer is between 2 and 8 mils thick. * . C L M S

* - 9- 09 A gasket el enment according to any precedi ng clai mwherein ,
said inner ang outaer d t t . - A |
gasket el erreng acceir d!? ?) Zénlf/en%r}‘?eﬂegéééiéggﬁg q.%nege nq’:’; cf%t ci:gﬁm !
outer |ayers aher@eneﬁamﬁnsnnqm.andgﬁuﬁsx Layers enﬁpchsmhgaélnabkaded _

el ement accor gipg@therdny preceding claim and a . netallic substrate to which’

10 . the elefent I's secured. 12. A shield according to claim1l wherein

the elenent is chemically locked to said substrate. 15 13. A gasket

shi el ds subst aoti apl ygagitet heleinehrS ciecopathybad Vahp @*e‘aéﬂi@@ telabe
acconpanylng dﬁ relg sald inner and outer 1ayers are co-extruded.

I

-

11. A gasketeshield comprising a gaSket elemeht aceordihg
to any precedlng claim, and a metalllc substrate to which
10 - the element is secured. _ '

12. A shield according to claim 11 wherein the element is
chemically locked to said substrate. '

15 13. A gasket shield . substantially as hereinbefore .
described with reference to the accompanying drawing.

-
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