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The present invention relates generally to variable voltage
protection devices used to prgﬁ\ﬁg AeS oL TE-LAYER!i ts from overvol tage
transients caused bw/higy ﬁ,"? %‘E PROPEHTSFION BEVIEES ANgstrostatic

di scharges, ground Ioop |n tive power surges.
The present invention relate F&@ %EIP r I%@ﬁ’rg als of construction 10

for variable voltage protecti on conponents and net hods of making-
vari abl e voltage protection conponents and devi ces.

Background of the Invention Field of th ransi ents can induce very
hi gh currents and vol t ages t hat - can penetrate electrical devices and

damage them eit h'éhemese‘mtgin!zéntiohaettxas gedenaltycto samﬂbleszdmg’econdut:t or
burnout, or electronigc as tr.ansm ssion | oss o of

stored dat a. PFAIECHRN td&jéé)es used {Q Qﬁ%'ﬁe@ﬁteée‘ﬁf"%ﬁccé'qugrsgfé"%?‘t’%f@{@"@ﬁ?kes with
hi gh peak cufraR&lehtd taised by ligHK g ‘Hlé&%%agﬁaﬁctdiﬂ% RigdtFosk g%vol tage

threats are electrostatic harge, |ine transients, I'i ght ni ng.
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Li netransi ents can al so occur due to closing a switch or starting a
not or. Li ghtyarigpletvaliage praneetion congmnenss andodenigesbj ects, such as a  _
bui | di ng, or nobile objects such as aircraft or ceIIuIar phones Such

~strikes can suddenly overload a
Background of the Inventlon

Voltagé, transients can induce very high currents and voltages
that can penetrate electrical devices and damage them, either causing
15 hardware damage, such as semiconductor burnout, or electronic upsef,
such és transmission lbss or loss of stor'ed data. The voltage
transients produce large voltage spikes with high peak currents (i.e,
overvoltagé). The three basic over\)oltage threats are electrostatic |
discharge, line transients, and lightning. Electrostatic discharge
20 typically occurs when static charge dissipates off the body of a person
in direct physical contact with ah operating electronic system or an
individual component, such as an 'integrated circuit chip. Line
transients are surges in AC power lines. Line transients can also occur
due to closing a switch or starting a motor. Lightning strikes can strike
25 stationary objects, such as a building, or mobile object's such as
aircraft or cellular phones. Such strikes can suddenly overload a
~ system'’s electronics. At b_eak power, each df these threats is capable
of destroying the sensitive structure df an integrated circuit chip.
Various overvoltage protection materials have been used
30 previously. These materials are aiso. known as nonlinear resistancé



systeni s el ectronics. At peak power, each of these threats is capabl e

of destr OoWigssgabsy sensitive structure of -an integrated cir Cipcpnssdkisso
Vari ous overvoltage protection materials have been used 30 previ ousfy.

These materials are al so known ‘as nonlinear resistance WO 96/ 02924
PCT/ US95/ 08808 -2-
materials and are herein referred to as2voltage variable materials. In »

operation, the voltage variable material initially has high electrical
r esi st ance. metenials lendcarec heteid xpterred ce ssavoltage vatidblgemaperiss. tihe

vol tage variabl e material quickly changes to. a lqw e|lectrical resistance 5
state in or%‘?raﬁgnsm?t"o{' eo%’r'%?trgggerf%.'ﬁ'tlj‘lﬂﬁﬁ?ﬂi ;"ﬂ?‘tgﬁcirfﬁ?'

over vol t agerelistaR@s s afhehhthe it &liit dx pefiBRebalapl JvérRvRahs dpaek the 2

hi gh electrical resistance state. The key operational paraneters of the

vol t age varveitage natigbleamasedalt queicklys pbasges tora, lovmneledtriopl resistagee t he
volta ea nd peak power. The tinme .t takes for ,the.voltage 10

vari ab et In CFdSc B EBhr hph aEiitaas B B orobhdu R RS thE % e
response tig®ervb@geNdspassdd, heChatEfalviphradRitéR fevelr® badiEtd al

limts the voltage surge is called the clanp voltage. In other words,
after the nigbrelaririgglresistance statguclhedeyioreratican| parametereof that t he
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conducting is,the swtch voltage. These materials typically conprise
finel Qi vi YRIRRIB {atarial dosWHER fromuinsuiating, e cpadustingdpaheed in an |

O Qa0 € Rphalne. | TR IR SRR AR e ' 2

and U. S. Pdiraits the. vdltd@® sQede (dgalied ¢he allarhpdraitdges elrs otlernwbeds,al s.

Vol tage varéﬁgll_ %hga ngaetreir%ll %vﬁtnc ecsot 83?\ ;[JcsztirC\S,n Id?ei rrlritaq rigloclett\gl?r%s that the
integrated circuit chip, for example, will not be subjected to a voltage

15 greater than the clamp voltage. The voltage at which the voltage
variable material will switch (under surge conditions) from insulating to
conducting is the switch voltage. These materials typic_:ally comprise
finely divided conductive onl semiconductive particles dispersed in an
organic resin or other insulating medium. For example, U.S. Patent No.

20 3,685,026 {(Wakabayashi, et al.), U.S. Patent No. 4,977,357 (Shrier)
and U.S. Patent No. 4,726,991 (Hyatt et al.} disclose such materials.

Voltage variable materials and components containing voltage
variable materials have been incorporated into overvoltage protection
devices in a number of ways. For example, U.S. Patent No.

25 5,142,263 and 5,189,387 (both issued to Childers et al.) disclose a
surface mount device which includes a pair of conductive sheets and
voltage variable material disposed between the pair of conductive
sheets. U.S. Patent No. 4,928,199 (Diaz et al.) discloses an integrated
circuit chip package which corﬁprises a lead frame, an integrated

30 circuit chip protected by an electrode cover which is connected to

ground on one side, and a variable voltage switching device including



v.ari able materials have been incorporated into overvoltage protection
devi ces |n\§§2 r of ways. For exanple, U S. Patent No. 25 5,142 263
A3

and. 5, 189 h issued to Childers et al.) disclose a PCT/USOY/P§808 ,
nount devi ce which includes a pair of conductive sheets and vol t age
vari able material disposed between the pair of conductive sheets.

U.S. Patent No. 4,928,199 (Diaz et al.) ,discloses an integrated
circuit chip package which conprises a Tead frane, an i nt egrat ed 30
circuit chi r

ground on oﬁges%%eeg%ﬁgb@gp?gfﬁla c@ﬁ Fg@(?efsc\)/\ﬁ%ﬁl ng éﬁ\?l ce | ncI ud| ng
WD 96/ 02924 other side. U.S. Patent No. 5,246, 388 (Coliins et al.) is dlrected to a
PCT/ US95/ 088

vol t age var .<§°a4 ige having a firshagtef elpctrcaiconipets: ?@&é“&’rﬂ?@?"%’f it
other side. dihsal d65Hi8BEs B@an%lgéﬁrc%ﬁ%ﬁﬁééfd?sa%cﬁhd)se‘t%fcﬁdrﬁ‘é&?sd to a
device having a first set el ectrical contact I nt erconnect with
si gnal dont abas cohnant ¢ @cgmaural, amﬂrmelgid)plasalcshmmdg Mdmg therfirstts 5

t hat connect t(P a qr ung and a r ﬂl_; StIC housi n hol d the first
bnd seoond- and sfodnd & bt SBftdrs 4 thatuPelte & BEHEE Pasing Benas 8% be
filled with fifge) QNET #RE bosRJHRigR rdteridd: . sDertaﬁeht Ne. ézﬁé%’ﬁﬂshﬁﬁf' er

et al.) discloses painting or printing the voltage variable naterial onto a
substrat e scetialdtdigoloses maintingor mgnrnmgrthaowage vamaublmamtwamo af 10

| arge areas and. iniric surface n_be . ved irectl. |nt|ng
t he vol tage t'?B%éson&lagrqoaﬂfoHﬁ‘?gcﬁa Tﬂ)é”(' a?ﬁé’ﬁ/ Ib?eaﬂ'@% ¥||‘g

mat eri A0 f ungigePBfeadSarid sHthieaRebubarLS eaf fbeaécrﬁlé(/éd ofoaaﬁeetlﬁtpeﬁmng
circuitry. . The above U. S. Patents referred to are incorporated

herei n by 13he voltage vadable material onto a syhbstratgh the vojtegervatiableli scl oses

neea o proi i APAeHE 883 aiscreer h4\iEE o Be oA M RIS, ﬁQ?eI al s

and devi ces gifcuirye consi st ent

t he

The above U.S. Patents referred to are incorporated herein by
15 reference.

Although the prior art discloses various materials and devices,
there is a continuing and long felt need to provide improved cost-
effective voltage variable materials and devices of more consistent
performance properties to prevent variations in the clamh voltage under

20  various conditions in which the materials and devices are used.

Summary of the Invention
This invention comprises in one aspect a variable voltage -

protection device which comprises a singie layer of neat dielectric
polymér, glass or ceramic positioned between a ground plan'e and an -
25 eleétriqal conductor of an eléctronic device. It has surprisingly been
' found that overvoitage protection can be effectively provided by such a
polymer, glass or ceramic layer, provided that the polymer, glass or
ceramic layer is sufficiently thin to provide the switching and the
voitage clémping characteristics desired for a given protective device

30 for a given electronic device. It has been found that for certain



performance properties to prevent variations in the clanp voltage under 20 - )

various conditions in which the materials and devices are
Sunmary 8Y0@%hvent i on Thi's invention conpri gg’g’“ﬁ#’%ﬁ@ aspect.
a variabl e voltage protection device which conprises a single |ayer
of neat dielectric pol ymer, glass or ceram c positioned between a

- ground plane and an 25 el ectrical cgnductor of an electronic device. It *
has surprisingly been found that "overvol tage protection can be

effect | vel YoRiRYIC g cEH&Jlﬁ hust be 1688'tKERTabdll 3540k Ffth AT AiRYST

provi ded t € po yrrer ramc layer 1Is suff|C| ently
thin to pr @Mdd@rtdiﬁeﬁpbtwhensgtmmld:hmss must bel lesg ¢han abpin §.0203

characteristics desired for a r qt ect Vi c f or

el ect r oni c M@0& milk FHSEG"GQ%%F HGR %‘&Utf(#yﬁqgge 303'9 mil) a"% gl6>/$924
PCT/ US95/ 0

0ol ymBrs t ﬁg&?h?r&%rggéy }ﬁjsssttrbag ?bout 0,0051 mm. (0.2 mll) For ceftain

. ess than.about 0.0406 mm (1.6 mls)
and fog ot IgwsspelanmcerarhcstthbcﬁthmusbbeIlmtnamabab’oﬁt12)7 (()2Ly)¢}

mm (0.8 ml), prefer I h b 12
preferably! %‘é’@%s Y IRAR ? Wt ggssé 3&%"‘83* 98#49’ gg]ré gﬂ%?fi“ﬁ)mgpg gl asse;mr'e
and ceram g3 efé?ﬁblh/hb%'?ﬁéﬁ abotht 6394b65ﬁ1rﬁ hare ?fﬂ@)‘t withl thickiesses les§ 5 mi | s),

preferably’l ess an about 0.0965 mm (3.8 mls) and nore preferably
| ess than ahantO. ozoaommto(&nml)mneggrrewm nany srAUGANANS.ess t han

0.0203 mm (0.8 eferred i l.ic h
aspect of the pTBM%ﬁ@ﬁW?‘oﬂ tl?uBé?ﬁeD "b‘é%%&?mwer% perform aorlgr‘l’p?g\c/)lt dg(r:l
by a vgy i allap p %'prré‘ﬁﬁeartﬂf 8Gidritibl€ YBRAHE Brovdutidh componeatwhieks t he
conbination of (a) a |layer of variable volta ‘ge protection mat eri al _

conpr i si ng corbprises theoaoaibination of dakailgverel vadakle voliage protection
material comprising a binder containing conductive partlcles and/or

semiconductive particles; and (b) a layer of neat dielectric polymer,
glass or ceramic in contact with one surface of said layer of variable
15 voltage material; wherein the neat dielectric polymer, glass or ce'ramic
Iayér is present in 'a_thicknesé of less than about 0.0406 mm (1.6 |
mils). The présence of the thin layer of neat dielectric polymer, glass
or ceramic on the surface of the binder/particle type of variable voltage
protection material provide's a component having desirable vdltage
20  clamping.properties, as well as other desirable properties. .
In another aspect, this invention provndes a layered variable
.voltage protection component _compnslng a first layer of variable
voltage protection material comprising a binder having dispersed
- therein atl least about 20% by volume of conduqtive or semiconductive
25 particles; a second fayer of variable voltage protection material in
contact with the fi}st layer comprising a binder having dispersed
therei;\ at least 40% by volume of conductive or semiconduc_tivé
"particles; and a third layer of variable voltage protection material in
contact with said second layer comprising a binder ha\)ing dispersed
. 30 . therein at least 20% by volume of conductive or semiconductive -

. particles. It has been found that the multiple layer construction



3 .
sem conductive particles; and (b) a layer of neat dielectric polynmer,

gl ass or cgj "9“9‘19 j4qn contact wth one surface of said |ayer qjcﬁﬁgdsﬁpéoﬁ 15
vpl tage material] wherein the neat -di el ectric polymer, glass or céramc

|l ayer is present in a thi ckness of l'ess than about 0.0406. nm (1.6 _
mls). The presence of the thin layer of neat dielectric polyner, glass
or teramc on the surface of the bi nder/gaartlcl e type of variable voltage
protection material provides a conponent having desi.rabl e vol tage 20

cl anpi ng pr%ﬁdﬁan%m{dmwt&bwtrelﬁ&bﬁabél%rgf élfetlbﬁémg and/or In

anot her aspect, this invention provides a |layered variable vol t age
protection csammmducwrpantmlmgnaﬂlmg nrseacayeverofsuohrthabnl@e outer layersige

east about Gl VESCRer8 fofibs i 4B i aRBRURRnento ERBVE 0 s, &

second | ayerg Wtdé&hh@@'(ﬁ oahipigg veltages tandnotiet eesited iptoperties. CRNAACt with
the first |ayer corrﬁrl sing a. binder having dispersed therein at | east
]

40% by VBI unedditiopahaspeqtief diis duvantiomi dbeiamer layer ip gontagtewithathe a t hird

| ayer of var | 0 with said
.second | ayeré@g#‘r‘pﬁaﬁgﬁo Sigl;t‘g{él){i@% h@gt’%ﬁ‘gdﬂ’é’? s%c? ng haVt% h%?o&e at | east 20%
by vol une of paritte iddding ehan ehe densiuayer evith a higheepaitidlesoadibghbat been
found that the nultiple |ayer construction WD 96/ 02924

PCT/ US95/ 088igsuch case the oghex,putes laveroppenntant with ghe rgund planmeas or

particle lo c oh r ch | ayer,
such that t?}g .gﬁgrzér}délpfower in pé‘r‘?lme Q)'%gl ré | (')r\‘/vg?' éd&tlgn#%ﬁ%é&gldrﬁg han t he

i nner |®Qer, inivantjndeuth‘scmatthlawe variable volmgbprmgaonfcmhpﬂmmcml t ages
and ot her desired properties. an tional] aspect of this | '
i nventi on, tﬁ{‘ﬂ?ﬁft&? pF%‘{/‘QPdl"M"E&ﬂ'HEth’t ‘Plf mﬁa"eat dieleqtggiRql¥merconduct or

of the el ect 5@9&%"&455& 2Lk ERYE aBoVBYSH one outside surface or both

outside surfaces, in order to provide a_dditional properties and
characteristics of the component. In this aspect of the invention, the

15 layer on the side of the electrical conductor can have a higher or lower
particle loading than the inner layer pfovided the neat dielectric
polymér, glass or ceramic Iaye_r is positioned between the outer layer
and the electrical conductor. In an‘other aspect of this invehtion this
muitiple layer component can be provided with a conductive, e.g.,

20 metal, layer interposed between the first layer and second layer and/or
between the second layer and third layer of variable voltage protection
material. In yet another aspect of this invention, these _multiple layer
components themselves can be stacked, with or without the outer
layers of neat dielectric polymer, glass or ceramic Iayers, and with or

25  without an intervening layer of neat dielectric polymer, glass or ceramic

" between components to achieve desired perfou:mance characteristics.

In another aspect, this invention provides a method of making a
varlable voltage protectlon material comprlsmg forming a mixture
comprising (a) conductive, semlconductlve and/or insulative particles

30 and (b) colloidal insulating particles in (c) a light organic solvent; mixing'

said mixture to disperse the colloidal insulating particles in the



particle | oading than the inner layer with a higher particle |oading, but

I n such case the other outer layer in contact with the groundpl ane can ,
be hi gheMW@9P6/028%kr in particle |oading. In an additional aBEEHEBI88Ehis 10
invention, this nulti-layer variable voltage protection conponent can '
further be provided wwth a thin |ayer of the neat dielectri.c polyner,

glass or ceramc as referred to above ,on one outside surface or both -
outside surfaces, in order to provideadditional properties and '

Tayer on ey sSESARARATR ing Matufk e PRPEE e Hpd BEnbIRRIE: ' Cver
particle |sadiong préftabReali, v¥ethd §910enBrand Atdinghthen@esultdheinsijturec -

pol ynmer, glass or ceramic ‘layer is positioned between the outer |ayer
and t he el@ceondugtive/penniedidugtivedinsulivergticiesoand gpdoidaention this -
mul tiple I : ] M Lve. 20
netal, | aﬁ%ﬂ%@%ﬁ%@@% %mg%"ﬁgﬁoﬁﬂ'{‘wﬁ a‘&er?abgngg ‘s%ggr{gof(gcyt&@rn and/ or
bet weed t heassrigind | ayer .and third | ayer of .vari abl e voltage protection
material. In yet another aspect of this invention, these nultiple |ayer
conponents thensel ves can be stacked, with or w thout the outer

| ayers of neat dielectricgrgt Erinflb b B lgs | ayers, and with or 25

wi t hout an intervening Iawﬁ#nﬁg‘r—@;%w&(#yner, gl ass or ceramc

bet ween conponeFigare d. zcdicevss-sestions digve df amilustratibarafca eariablecs. :

I n anot her ais ect, this ipvention provides a rretftfmd of., Iimki_ng a

var i abl o VHTAGR PHRSCHERI dRYIRINGQrRPalNg A I2YFIGOT BER HISISEHxt ur o

conpri si ng?<f|g)né;,?)§fgg%t+,\/@era$ﬁm conductive and/or insulative particles 30 {
ol I 01 da

and (b) c itnsulating particles in (c) a light organic solvent; _
m xi P saFigune 2 isr & crassisagtion viawofarn illkistrationrafud avariableparticles in
t he WD 96/ 02924

PCT/ US95/ 0‘6‘246@3 protec%on compound having a layer of variable VOltégeGr_néterial
comprising a binder'and conductive particles, semiconductive particles
. and/or insulative particles in combination with a layer of neat .dielectric
polymer, glass or ceramic. _

15 Figure 3 is a cross section view of an illustration of a multi-layer
variable voltage protection component a’ccording to this invention and .
incorporating optional exterior layer of neat dielectric polymer, glass or
ceramic. ' _ .

Figure 4 is a cross-section view of an illustration of a muitiple

20 layer variable voltage protection component 'accﬁrding to this invention
incorporating optional interposed metal layer's‘-between the layers of

variable voltage protection material.

‘Detailed Description of the Invention
~ Referring to the first aspect of this invention which comprises a
25 vafi__ablé voltage protection device comprising as the variable voltage
protection material a thin layer of a neat dielectric polymer, glass or
ceramic, it has been found that such a device'is surprisingly effective
at a desired range of clamping voltages provided that the layer of neat

dielectric polymer, glass or ceramic is sufficiently thin. For some



conductive/ sem conductive/insulative particles; evaporating at |east a
portion, pwefeew2d24y all, of the .solvent; and m xing the reswpCTArS9S5/08888 Ur €
of conductive/ sem conductive/insulative particles and col | oi dal

insulating particles with a binder to forma variable voltage protection 5

material . . Brief Description of the Draw ngs
Figure 1 is a cross-section view of an 1%l ustratl on of .a variable

vol t age protection deV| ce i ncor{)orau ng a er of ..neat dielectric

pol ymer, gl RelyBiers & igiee of jess than about ﬁr % rom; (0.8 mibwéll pseviden vi ew of

an L1 ust 1 aty e BVEAd BleEprarecrion UriRE GaRb AL i RETRAHS fo 2y nd

| ayer of vari e vol er'and conduct i ve

particles, smhﬂecquwgmbrs/a lmnotless than abcnncm onommmamemmrt icles in
conbi nati-on with a er n dielectric ass or

ceramc. 15 Provides tha ﬁm% pggfliogmgngpdg@r §%T@H33ﬁsw'§\'/§ Bfefﬁgﬁql? I"i‘Jst ration
f | -1 | t
of a mulgi ﬁ%ﬂg Vvariable %it'a@g ;ﬁ'oi’%ﬂ&gs gﬁ&;t é %tgﬁm?ayer i N9 to

this |nvent|on orporating optional ext neat
diel ectric pebynpan apous0.0n 27 mm (05 anil)and more preferablyﬂegmtba# is a
Cross-sectio V|e an |I{OZ | ayer vari abl e

vol t age prot gﬁg%[:rav.tw T,E\ﬁelﬁt/pbﬁ a glass or
i ncor porati r@erﬁ%boﬂ% drBferaP et fﬂét Ryel B¥GESs BRANBBBUt BC020%5h

vari abl e vol tage protection mater ailed
Descri pti on (&.8trhid), Ibutcforisome glasses in certaiRapelications a thickridss af mpect of

S TRE 9o bl R e B Be <" bt A Bk =] o
Chat Soch o SLEPELIMREIY I orgiieScifel ek S pedt gBREahEer [ oune -
cl anmpi ng vol pdgmrpﬂmsd@dcenaamctlaxeen erywiloysfd imeatparticular vdriablect ri c
polymer, gl a oﬁt:—%e %%t%%on functi on'v%{lle\r)yyy dé:pelnndlng on t%e type of polymer,
glass or ceramic used, its dielectric properties, the operating conditions
- 15 of the device in which the variable voltage pro.tection.ele_mént is
employed and the performance properties required of ihe protection
dewce ,
Fig. 1 illustrates the device of this invention where layer 12is
positioned between electrical conductors 10 and ground plane 14.
20 As used in the disclosure and description of the present
invention, the term "neat dielectric polymer, glass or ceramic” refers to
a polymeric, glass or ceramic material which can act as a dielectric or
insulating material under the normal voltage and current conditions of
intended use and which is unfiiled, i.e., does not contain con_d_ucti've.or
25 semiconductive particles such as those typically used in bind_ers or
otherwise associated with variable voltage protection materials of the
prior art. However, "neat dielectric polymer, glass or ceramic” is
intended to include polymeric, glass or ceramic materials which fulfill
the above criteria, but which may contain or have added to t_hem
30 insulative or inert particles or materials that are inactive or do not

interfere with the desired dielectric/variable voltage protection
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pol yners ‘gglgg@?ruof | ess than about 0.0203 mm (0.8 mil) wi RCTHSRH0sRE8

ef fective overvol tage protection under various conditions, while for,

ot her polyners, a layer of less than about 0.0406 nm (1.6 mls)

provi des the desired performance charagteristics. It is preferable in 5
many vari abl e voltage protection applicCations that the polyner |ayer be

I th ' ' . _ _

about 0. 0021 pert s S5t bt Hiads FECHRAR, IBUEY 85 Tl IhTRY, g8l
ceranic, i tinventoref diheepolyher, ghass| aryeerabsic llager wsefal abthe pledsR3 nm

(0.8 ml), .but for so | asses in certajn applications a thickness of up’
10 to abb’b‘fer&'%ﬁsn:ﬁeﬁ ?%’"Eecﬁf’f §)"’?‘§'—”d§ﬁ_§¥(% a4} e pAgvigled|ine appr eci at ed
by one ski lpréfbrivibd B?p?ééurleh%e%@dﬂaﬂln{ gh?@i&% M Fﬁg'ifigﬂ%‘} d@ee: ectric

pol ynmer, glass or ceramc |ayer enploye particular variable
vol t ag® pr @ceotding tbutids irvrention. Additiateilyn dhe pobymeh tavey manobe @ol yner
gl ass or ceram c _use its,dielectric properties, the_operating conditions
T57°° of ¢ RESTutrd BOIVmaR BIdPK B, sk sBB5H pElivess of dvder et | s
el oyed agflcédorRMaVEETAHE. USHARY tHidknds3d UFdle it oAbl 2Gldsan

i g this 1nVention where

devi ce. .. Fig. 1lillustrates the device o
| ayer 12 | ©r ceramiggyericanche psovided inltbetformadf a8 anatuof pobyriér, ggldssyr ound
pl ane 14. d descr.i on of the

' TR used in the disclosure ar cripti
present of celrﬂ'\’/"é%{'PSFﬁAgf Rg?‘f‘é%‘_’"wgatafai"a’@e’iﬁﬁﬁsg;ﬂﬂ F","Psgﬁ ass or
ceranfiQ’ r efeenédte provide thePPbly/iRér, Glasl a6 8erdthicaayarirctHbesikéd Whi ch can
act as a dielectric or . insulating material under the -normal voltage
and cur r enthicknass ppdpreperties for yse iithls ireentinn.wiHuch a snatiwhichd, i.e.

typi oal |y (DG CBRBARHERUNERIOE or bingpl R FEINES oo BEelod By it e
vol tage pr oteatéd whilecormpressed 16 peovide a sRée6f polymel)\Yiagy or ' neat
dielectric polyper, glass or ceramc" is . -intended to include
pol ynmeri c, cgr%é%f'begsr ahfesifed dhickngssfiercuse in thisjinventions he above
criteqga, but WA pGRN& RN bidsiel andPiérantles UsbfulliRGfls aspect of the

.invention can be selected from polymers known in the art to be useful

as binders in conventional variable voltage protection materials to the

extent that such polymers are known to have high resistance to

tracking and high resistance to arcing. In-addition, other polymers,

20 glasses and ceramiéé'not pre’vio'usly suitable for or used as such
binders are also useful in the p'r'esent'ihve'ntidn'if they exhibit sufficient
dielectric properties, sufficient resistance to t‘rackihg'and sufficient
resistance to arcing under the operating conditions selected for a
device according to this invention. " ' |

25 In general, the types of dielectric polvmers useful in thé present
invention include silicone rubber and elastomer, natural rubber,
organopolysiloxane, polyethylene, pdlypropyle’he, polystyrene,

_poly(methyl methacrylate), polyacrylonitrile, polyacetal, polycarbonate,
polyamide, polyester, phénol-fofmaldehyde resin, epoxy resin, alkyd

30 resin, polyurethane, polyimide, phenoxy resin, polysulfide resin,
polyphenyléne" oxide _resin, pdlyvinyi chloride;'fldoropolymer and |



30 insulative or inert particles or materials that are inactive or do not

interfere W, 'desired dielectric/variable voltage prot ;
WO 96/ 0292206. Shid2b T . Sc1/68bs/08808
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-properties of the polyner, glass or ceramc |layer as used in the present
i nvention. The polynmer, glass or ceram cglayer useful in the present

i nvention can be formed or cured in situ or can be-provided in a

preformed or cRlg6HLBEbEAIPRIer OITHdde AR dtimeragsstul Polyenersicain berusedeby 5
according to this invention. Additionally, the polyner |ayer can be a

plre-cgred pﬁtmsewécq« ¢3pinciude Nagaus substityentgroups GaftPecan be
. g ! . e , o
or coram o | ByEflreS, biEhdiea: Eaol et 18 Ruor Wirdigi sld iohthalTiler 19 R52

or ceram c f sbrctedlin petbrddrice withctheatttesiangestsibed avov. hav pariculdtly
treated to provide the polyner, glass or ceramc |layer in the desired
t hi cknes® ana@refiesias, pelygnards a,ganventional and, eommearcialyavailapla Gepgraln

may contain gp, 4ARGG e Qﬁicghgfigﬁ%fﬁ)fs 5IE8 é{d.rlaﬁﬂl%rl? e r&?%%ré’rthﬂeat
provi de a she of pol'ymer, g

treated whil e conpressed (0 ass or

ceramni c fi bepslyphedésr alpolut hbakimaes berabote 2002Qiite dbtainpropertiéS

The pol yners | asses and cerami c¢s useful in this aspect of the

i nvention caReB@r saNted: ol Yseoin HUs JAaNdiomolhstieh anreparation.gbe,sef ul

as binders i A ' | ' to the
extent that CHEROIEHAAGRBMEF | Codelitn TS dBSPA Hrbly B (Se ! ©

t r acki ngOand desizbd rthivksiesscthdérocared ag.indicatettli Thergured ipalymel Yaymrds 20
gl asses and ceram cs ({]pt reviou sui.tab)l e for  or

bi nders are AM8Q RIRGHY,(N FANTARS ‘ﬁ&éﬁ@ﬁte'?‘mm FBHdP‘thL‘!ﬁFz?pf%Egt‘]ﬁcc?’Wf i ci ent
01 <L PARORS Loy hbLG e (858 iotter et o ol o
devi ce accor dii has tbeenHiosindrthentthisnpolymer provides good performance in a
thickness of about 0.0051 mm (0.2 mil). Another form of polymer
15 useful in this invention is woven or nonwoven polymer fibers
compressed into a mat of desired thickness. For example, a polymer
fiber material useful in the present invention is a layer of nonwoven
aramid (aromatic polyamide) fibers, commerciaily available as
"KEVLAR;' or "NOMEX" nonwoven fiber mat from E.l. Du Pont de
20 Nemours & Company. The nonwoven aramid fiber mat of about
0.0406 mm (1.6 mils) has been found to pfovide godd performance
when compressed to a thickness of 0.0203 mm (0.8 mils). '
The dielectric glass materials useful in this invention are likewise
glass materials which have been used as binders in variable voltage
25 materials such as sodium silicate. As with the polymer type material,
the glass material can be either coated on or formed in place on the
desired substrate, s'uch as the ground plane, or can be preformed in a
sheet and assembled between the ground plane and the electrical
conductor to form the device of this invention. The dielectric glass,
30 such as a sodium silicate is generally useful in this invention in

thicknesses similar to those outlined above for the polymer materials,



25 I'n general, the types of dielectric polymers useful in the

pr esent W09610292Jl nvention include silicone rubber and el as&,PngslmBéjral
rubber, or ganopol ysi | oxane, pol yet hyl ene, pol ypropylene

pol ystyr ene, pol y(net hyl nethacrylate), polyacrylonitrile,

pol yacetal , pol ycarbonate, - pol yam de, polyester, phenol-formal dehyde
resin, epoxy resin, alkyd 30 resi Rp-pol yur et hane, poI yi m de, phenoxy
resin, polysulfide resin, polyphenylene oxi de resin, polyvinyl

chl ori de, pi;t OBRROLYERI lrﬁQSme instanced@n9®iéldtddyers, e.g., up to about

PCT/ US95/ 08808 hl or of | uor opol ynmer. These and ot her usef ul

pol ymers Oah2Bamos &l miiis), but usuAbyrirss WENAbRWN0iGRET demy - Baniisk ubst i t uent

groups and o) r wherein the
fi nal poI 9 rprpgerably lesgg}wé t%b;b%‘{t &??crb(défgﬁﬁcq é"?{. {,Eheurtéﬁié{ gﬁgss descri bed
above. A fpetd edhdd Msedto formitberdidiedliy grssi layer roagevidaneel withd
commercially avail abl e: CGeneral Electric "615" silicone, and it is

al so Par t thiglinvention.efRarexanplec arfiberglass mat capde remmaressathivithe s ni nut es
b b hi
vent i onOoRnE ihfeh8seob . aBEOPBI096% mm (1 G dresSitd ffodige Tbe. N NS

i nvention L qui yner i's

coat ed onthé]@edfmhraed:eg:rmadteﬂam desitedefakGa pattim.ilaledpplﬁnaﬂdless t hen
cured as indicated. The cured pl aced i n contact

W th the WHIEbPEInveHETdE PSS UbPdnrASMEE: tBaolvmer ABGEREa a o for m t ho
vari abl e %R{a%@g?n B\ 8Pvﬂ§)@ glag fig¥r da'?lVﬁé‘Ebﬂ'ﬂ)ressed Withgs been

found tha IS po yner provi per or mance thlckness of
aboutt00. OQ¥%ithaan §0 .adhesive oribividee présent, a6 theldesinedithicknessfuridern t hi s ‘

of " dosi  cMeBRTRAREE tROONIGBITBS A e REidesired thigkREss far SsPdP usef ul- i n
the preseppidiRVBAtibAN 1S a | ayer. of nonwoven . - ar am d (ar omat I C
pol yam de) fsl ers, conmercially available as "KEVLAR' or " NOVEX"
nonwoven fi ber Tt dielentrik. deramncsPuaedelm 2bis invpptionrase gla&stpany. The
nonwoven %re?ammglcs, &vntrﬂ%d &asses. crystallized glasses, crystalline ceramics,
15 crystalline ceramic composites and diamond. While diamond is not '
technically a ceramic, it is included here within the definition of
"dielectric ceramic" because it possesses the dielectric properties of
conventional ceramics which are useful in this invention. Thus, |
preferred ceramic materials for use in this invention are aluminum |
20 oxides and aluminum nitride, crystalline ceramic composites include
those which include AIN, Al,O,, SisN, and TiN. . As noted above for
glasses, the ceramics can be used in this invention up-to about 0.127
mm (5 mils), usually less than about 0.0965 mm (3.8 mils) and
preferably less than 0.0406 mm (1.6 mils). .
25 ' As used herein "glass" is intended to include the amorphous
typé glasses and “"ceramic” is intended to include the crystalline type -
glasses' and ceramics and diamond crystals. In addition to the above
methods of assembly, fabrication and use, it will be. recoghized by one
skilled ih the art that the layer of glass and ceramic can be applied for

30 use in this invention by various known methods, such as solvent



d 0406 mMm (1.6 mls) has been found to . provide good perfornmance when

corrpresseqv(g?a@zgwl ckness of 0.0203 nm (0.8 mls). PCT/US6K08808
dielectri ass materials useful in this invention are |ikew se

gl ass naterlals whi ch have been used as binders in variable voltage 25
materials such as sodiumsilicate. As with the polynmer type material,

the glass material can be either coatedipn or fornmed in place on the
desired substrate, such as the ground plane, or can be preformed in a

sheet and asiepolsitiah, st \get cobtiaggspundriphaeeaporatiohe chemitali vagor
conductor to formthe device of this invention. The dielectric glass, 30
such as a s®&@POSILAN.iRIas®a; SPraving: anogiziagend 1e ke.s i nvention in

t hi ck | |
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PCT/ US95/ 08g@Bymers, glasses and ceramics can be selected and used irl €his but is
al so useful .in sone stancsm i cker t o abouyt

0. 197 B (5 IRHATRION Followiare SRsings GANTANSEA NBrele ity Bsasel 1A T

and pr ef er akhitih@gs thee AR BE nihi dT?@)r(tjneGnérét' diblectHE PdYmed gia

fibers can be used to formthe dielectric glass |layer in accordance with 5

thi s i nvent iosrceraonic ¢x @xpikit the diebired Iciarnping voltageend mtheedssided o t he
desired thickness

d
Che e o miiDEa ey Erampisy bt PRiperswhish B2n be bmpfRa e oy | o i n
o oh LS TAYGNG G o ERtbsdiirtULS. PBRRONONTRE Jomhan gt

sheet of nonwoven or woven glass fibers can be conpressed, with or 10
wi t houflOan #d#88.,98304, 498234 pAHEh529, 01,523,003 Ke854/33%ness under

S S TR o R AT R -

this inventid
i nventi on ampreinddy reference.C Aifidicateds bthér fdsits Slag5eseleeted féd Lisged

gI asses, crystalline ceramcs,
in accordance with this invention.
In another aspect of this invention, it has been found that the
15 above described neat dielectric polymer, glass or ceramic layer can be
used in combination with a variable voltage material to modify and
enhance certain properties and performance 'charécteristics of the
variable voltage material. As referred to as part of this invention, the
variable voltage material can be a conventional variable voltage
20  material which comprises a binder containing conductive particles
and/or semiconductive particles and/or insulative particies mixed with
or treated with colloidal insulating particles as disclosed herein. As
used in this invention, the variable voltage material may also include
other novel, modified and improved variable voltage materials or
25  variable voltage components such as disclosed in this specification and
"as disclosed in U.S. application Serial No.08/275,947 filed on 14 July
1994. The neat dielectric polymer, glass or ceramic layer which is.
used in combination with such variable voltage materials or.
components is placed in contact with one or both surfaces of the

30 variable voltage material or component and can be the same neat



15 crystalline ceram c conposi tes and di anond. Wil e dianond is not

technl cal‘w‘ ofrofosh am c, I's included here within the defi ?83@‘%9?’%0%

"dielectric ceramc" because it possesses the dielectric p
conventional ceram cs which are useful in this invention. Thus,
preferred ceramc materials for use in this.invention are alum num 20
oxides and alum numnitride, crystalli ceram ¢ conposites include
t hose which include AIN, Al [err]qerr] Si [err]N[err] and TiN. As noted

above f or dlelectncgﬂaéﬁﬁ?é“r r%‘ié!s% Sﬁé@f@nﬁné r%?&r@(?ttﬁan a%ékér &g\?&m on up to .-

about 0.127 , usual ly l.ess out mm (3. 8
mls) and thlS applpagber abI y less than 0 0406 mMm (1.6 m | s) . 25 As
used herein ' nt.en type

d 1 ncl the. _
a1 asses. and " ceFi 2 iysfREE R Aee B IR bVBREOE HEB neste ¢y pe
gl asses anehéxeéﬁm SSlyaiet, @na?smldcéfayﬁbab§er *m i Hlsitiched BetWBembOVeE
nmet hods of assenbly, fabrication and use, wi |I'l be recognized by one

skillel i nelﬂcéﬂaalthmcml‘%1pa§@d voflaglea%@ltmnmaaai t3cadraundappl i ed for

30 use Tl S @YRBLGD Wb ek IR 13 hods. such as sol ven

PCT/ US95/ 08808 In this aspecdaifofiet invention| 1§ bb60aidedgribedWeat! i ng,
evaporati-on, chem cal vapor deposi tion, pl asma@dgrayl ng, anodi zi ng
and the || Riglectric polymer, glass,p1 ceramigdayercean be anpliadetosthe udface the art,

Uoed in hpt S dbdifed vartph NS meleACEP o aPeRRR R S kRl oy ci i o ﬁ”d'

respeg0 toabbee, for exérhp[éﬁﬁﬁé:‘uqhimfom%hdb&xr@ﬁl|ht;ﬂ80€dorf 64n blae neat -
di el ectric polyner, glass or ceramc to exhibit the desired clanping
vol tage an@r@yided 'ﬂ&Pf%GUfed or pre-forsned sheetapddaminased 3 theer s whi ch can

e SLadutfioblfne b BRI Sdigsodhelouatons,  § 23155
4,563, 498, rdcaditizd® by ome skilledlintheant ahatvkadbusiceonventiopalrvdriable
voltage materials and components can be combined with the neat
18 dielectric polymer, glass or ceramic layer as described herein to form
the combination of this invention, a variable voltage material with an
exterior layer of neat dielectric polymer, glass or ceramic, to provide.
desired performance characteristics. In particular, it is preferred in this
aspect of the invention to provide in combination a multi-layer product
20 as descfibed below and a neat dielectric polymer, glass or ceramic
layer on one or both exterior surfaces of such a multi-layer variable
voltage component. | |
In a'nother aspect this invention comprises a multi-layer variable
_ voltage protection component which comprises at least three layers of
25  variable voltage material which comprises ‘a binder containing -
conductive, semiconductive and/or insulative particles and may
optiohélly contain colloidal ihsulative particles. The multi-layer variable
voltage pi'otection component éccofding to this invention comprises
two outer layers containing a lower loading or concentration of
.30  conductive, semiconductive and/or insulative particles while the inner
layer of the component cohtai'ns a higher loading or concentration of



herein by reference. As indicated, other resins may be selected for use

I n accorda ' this invention. - .- . - I n anot her as | S
ipv_enti-on,ﬁf‘tfg‘ﬂg£9 een found that the 15 . above descri bed ﬁggrsﬁ%g*gitric
pol yner, glass or ceramc |layer can be used in conmbination with a
vari abl e voltage material to nodify and enhance certain properties
and- performance characteristics of the _.43. variable voltage material. As
referred to as part of this i‘nvention, the - variabl e voltage nmateri al
can be a concenduetiek, ¥amicdnductiVet &gfo? thsulativd partidleshiAdhdesonseses a
bi nder contai ni ng conductive partjcles and/ or sem conducti ve '

particl es an@b@ve; Haig multirayesvariablesvaltaee) Piptestion COmBENeRtadRd with
coll oi dal i P%)H)lti%tn'aﬂ? f@f{hte'r(i{o‘?ﬁpﬁsge gh%(f{h%?%q dBth&utfacdes of the used in this
t ta al nay

i nvention, e vari able vo ge nateri al so 1 ncl ude - ot her
novel , nodi f icetnponkntyar neddiectdd polymbt,aglassrer eerarmic laye2%o furtheri abl e
vol t age conponents such as disclosed in this specification, and as

di scl ose® | neO.hS_.ncﬁpﬂﬂqr@?dTQeoWQSB?‘ifaTmRB?@97‘2'7@??9@7“?5 P& dlesir 3_94 July
1994. The neat di %&F&ﬁ“&sstﬁc X Hhis i e‘i“ﬁﬁn%h%?é.ﬁmigidh%r?yg\r“é‘b?Qa'ri%ble

used in conbination“w t vari abl'e vol tage materia
conponent s i voplagesprotectiominzaterial 16, dfeand 1Y fdrns thé andsi-layet prodiftt

vari abl e vol ta%e,matdegi al or i:or’rp,onent_ nd ca beéhe same, nea - WO
96/ 02924 positioned between electrical conductors 10 and ground plane-t4; | )s95/ 08308
- 12- Gy B CElasHidE deRhiic Rfyer 1 28 cri bed
above in (bﬂt' i swé(p\)apﬁieé:%?tlaegerﬁt bty ﬁl'éi‘g:og.d 21 I“fﬁési{t r at esg?ggesdevi ce

of t hi s 1Onvemasitionddop theatutside laydr 855eand in cpotaatewithgtarstuatorss@0ani ¢

I 12 i | Li ' I | cal 1 i abl e_.
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positioned oh the outside of layer 17 and in contact with ground plane
14. o
The individual layers of the multi-layer product of this invention

15 can be formulated as conventicnally disclosed in thé patents referred to
in the background section above or more preferably can be formulated
and made by the method described herein below. In general, it is

: préferred that the two outside layers of the present multi-layer product
contain at least about 20 percent by volume conductive, '

20 ' semiconductive and/or insulative particles while the inner layer
contains at least about 40 percent by volume conductive,
semiconductive and/or insulat'ive- partiéles in a binder. It is more
preferred that the two outside layers contain at least 30 percent by
volume of such particles and the inner layer contains at least about 50

25 percent and more préferably at least about 60 percent by voiume of .
such particles in the binder. It is not necessary for the two outside |
'Iayerslof the product to contain the same loading or concentration of
such particles, for example, one outside' layer may contain 30 percent
by volume of such particles while the other outside layer contains 40

30 percent and the inner Iayer contains 60 percent by volume of such-

particles in the binder. Following the teachings of this invention, it will



plane 14 is provided in contact with |ayer 13. _ In this aspect
of the i t he above-descri bed neat di el ectri gl ass
or cera §§P/g%/9§‘l’ can be applied to the surface of angg %@é%rl abl e
vol tage naterial or conponent as described 10 above, for exarrpl eina

~liquid formand cured in place, or can be provided in a pre-cured or

pre-formed sheet and [am nated to theg,4. surface of the variable voltage
material or conponent. It will be’ recogni zed by one skilled in the

art that yaragueRPRYQiHd QAtbd YRhelrethat the SEdAfatlEHs 6! Maigy

conponents can be conmbined wth the neat 15 di el ectric polyne gl ass or
ceramc | wmmomwcsemmm@mwe aodfasrinsulative panticlesrinit etvarmusf this

i nvention, a variable voltage t eri yer of neat
di el ect ri BYRIP ALY ag e yexied t&°B@%ﬁ{’% etr%gn) H{éﬁga%haracteréélgg-tfegge er f or mance

char act er igwe®er, ! i wARfUHPer de. recbgh&elarﬂ'fa‘irthﬁﬁieaahh@bsof this aspect of the
i nvention to prOV|de in conbination a multi-layer product 20 . as descri bed

bel owBand imvengion indicatie: tﬂact Tb@l%)ﬁféfmf lpvess of the gampenent contaimyer on one

g(rmggtngnte )févevre'r %rarts e Iggg rea.gggﬂééﬂ fay §¥§F Iéé\@éé’%? tﬁw prqheg\égl gage

nul ti-| ayele toghed that the Mﬁbt agenterior ¢ajdraf tisneonpunertican conpri ses at
| east three |ayers of 25 vari abl e vol tage material which corrprl ses a

~ bi nder cohtsgifnbegnade up ofcawdtinieilaverssehyarishie Mmaltagemaresials yhicht i ve
particl es al?g gﬁ%r in p%rtnclé)méd?ﬂélolr3éo%%E?ra?noﬁ Hafl! 12! exeridl 3lkfhgepar ticl es.

The mul ti otectlon conponent according to
this 1|mvernéym conpri ses . two outer layers containing a | ower |oadin
or concentration of 30 conductive, sem conductive and/ or insulative _

particles whi | SVMhes thendisst outer lawe&y%r" girechEoBRRIONERthepleairicdl o hi gher

| :D(é_la_? bgg5?(rfé’g‘8{]é’%%'t bAth @ BI¥tronic devicdthat/citehyer has a IovyeLrg_

conductive/semiconductive/insulative particle loading than the inner
layer, as outlined above, but the other outer layer is optional and can
15 have a higher or lower particie loading than the inner layer. When the
~ first outer layer corriprises a layer of neat dieleetric polymer, glass or
ceramic which is in contact with the electrical conductor, then the first
outer layer can have a higher or lower particle loading than the inner
layer and the other outer layer is optional and can have a higher or
20 lower particle loading than the inner layer. |
- The thickness of eech layer and the overall thickness of the
multi-layer'component can be determined by one skilled in the art
| following the present disclosure to achieve the desired performance
characteristics of the component. For example, a preferred
25 - embodiment cbmprises a first layer of 0.0254 mm (1.0 mil) contaihing
30 percent by volume of conductive partlcles, with an inner layer of
0. 0203 mm (0.8 mll) containing 60 percent by volume of conductive
particles and a third layer of O. 0178 mm (0.7 mil) containing 30
percent by volume of conductive particles. Slmularly, another preferred
30 embodnment comprises a first layer of 0.0254 mm (1.0 mil). of 30
percent by volume conductive particles, an inner Ia_yer of 0.0508 mm



conductive, sem conductive and/ or insulative particles. As described
above, th| I ayer variabl e vol tage protection. conpon
gptionally #ugr*{o%er conpri se on either or both surfaces of tﬁﬂf’rlﬁﬁgmssos
corrponent a neat-dielectric polymer, glass or ceramc |ayer to further 5
enhance or change the performance characteristics as desired.
Fig.-3 illustrates this invention whereqindividual | ayers of variable
vol tage protection nmaterial 15, 16 and 17 formthe.nulti-layer product
- positioned bz veiRs) cﬂ"&@tprelr@ait ISP RelFhe icdntActivg Wrﬂul@d arldaehnitd layer
.Optionally, a neat dielectric polymer, glass or ceramc |ayer 12 can be 10
posi ti oned off %@Zgﬁt@mjéﬂ-laamé'r) of 3Q parcentdnvakiMe condusHYe Pesticles o

d/
SBSI '?Ir Ogggt oﬁ’hﬁtqg%%té?d ns@ﬁﬁfé;%h I'n con?%?txsa Fél%fgr ound pl ane

14. charatheristick. vlrdadultlmcyet svilbtbet dm::ognizteid lbyapae giiltedlivt thef this
I nventiop 15 can be fornul ated as cogver]t [ ong scl gy sed . in the. patents
referred®to art thatlerﬁcf‘ﬁéyﬁéw'@?*bbmﬂr%‘é' gddn the PREE & abl y can be

formiated other GBRCHAE Birk é‘tﬁut&”ﬁﬁﬁ@@hé%ﬁrbb%r{w&w bel ow. In general,

it is pre erre e two outside |ayers of the' present
mul ti -l ayer semittariductive, mm:iaam aa'd/tbreaslto@doumlﬁﬁvpmarﬁntesh;omalnmb

conductive, 20 .sem conductive and/ or .i nsul at.i ve | cles e the inner
ayer i fan B8 suliad .8 Bauld s aofthep Gid pEctiednareve -

sem conduct i g, angy&r pﬂd?ﬁjd:'t%tf't}‘nf‘s PRfentiohcSan Be%PthQny agbly‘iﬁg mbeor

preferred that the two outside |ayers contain at |east 30 percent by -
vol unme %0 suotorpait the layeeshand tben musing ayérvlooraﬂlaofrmealavamst about 50 25

percent and nore. prefera ercent, b |.ume of -
Brch par 1 ol BEnFIRERGQUEg 8t aernaiRBly. 08 uBlIbEr PRHpe ot Bllo ot si de
layers of thmymibscean aecmmrbyv BRpRAAE the s myer, fo®&impR! téa of
such particles, for exarTF , one outside |ayer may contain 30 percent

plane

by vol ume of matshgpeund member; Baduring eudeying thay layes hefarens 40 30
Do et oo BBRaS e s0b8hnSa Ais o B EIhN, B TR0, (i1
15 applied and cured or dried to the desired thickness before the .
subsequent layer is applied. Thus, it will be recognized by one skilled
in the art that the multi-layer variable voltage protection component
according to fhis invention can be formed in various ways using -
-various materials. However, a preferred embodiment is provided by
20 employing the method described herein belbw for preparing thé variable
voltage protection material then forming the above muiti-layer product
of this invention in the particle loadings and the layer thicknesses as
described above. It will further be recognized by one skilled in the art
that each individual layer can be selected as desired such that each of
25 the layers of the multi-layer product may be of a different type of
binder materials and/or conductive, semiconductive, insulative, or
colloidal insulative particles provided that the basic criteria is followed
in that the exterior layers of the multi-léyer pfoduct contain the lower
concentration or ldading'of such particles while the interior layer
30 contains a higher loading of such particles. For example, each layer

can be selected from the various conventional variable voltage
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be
appar ent WHIH24 i |1 ed in the art that the concentrati onsPGF’UFW‘P?gs

of conductive, sem conductive and/or insul ative particles in the various:
| ayers can be varied to obtain the performance characteristics desired.
However, it will further be recognizegqg hat the teachings of this 5

i nvention indicate that the exterior l'ayers of the conponent contain

| ower pa”h?déénﬁl@,aél}d?ﬁ%lé iethe PRok aheWh@éh baw&fns%r 'bﬁY(férScorltElM‘hé' further

be recognize the inner or interior layer of this conponent™ can
itself be nadeus:pooﬂuntwmqm%on sgmiconsiuctiyei arg/or mmmym pattigles! s whi ch
are higher ,in rtic or €0 niration than X1 r surface
10° " Sy er HBrREAT, & wiPGadHcogn S8l IERt BREA AR be iR Cont act
W th the elgigktdds @ employ theMbiEl @ndiimproved!Vaiiabld veltdge ipiStedtitas out er
| ayer has a | ower _ conductive/ sem conductive/insul ative particle

| oadi n§ t henetetialsi ermeemponents as;@scla%ed)berelnm indée applicatine ot her out er

. layer is o e | oadi ng than
t he i nner géhgpmv@?zz? ﬁrb&§ f:legﬁ ﬁ\ml h@q éé%%nﬁ?%gg‘i m&? 113\9§‘r of neat

dielectri cVaﬂbM@aioltadeaﬁmeﬂals contamg,mcﬂ eminﬁdﬂe!, gheé Reid®oioned rwattsh t he

el ectrical conductor, then the first outer layer can have a higher or

| ower part 8¢(disqglosed mgsa&daﬁome@dmmapphcatlom%be saleated fof mse asut er | ayer

S Opt1 Nl o AALISPRNAUBaP e T 1 o Bt to) oS ehf IRRdlgg, L en the

I nner | aye hees of & Bhd

t hi ckt@ss of th&he multn-lavdrtprotiayeof msunnemﬁonaanhﬁe deherrncmﬂ by one
skilled in the art ol I owi ng the Eresent di scl osure to achieve the
desi red pef¥eh thateach Iayer ‘E‘?THPHE?%P@PF’ & syich 3% adiplesHde polyrper @kanpl e, a

referred e |
b of o1 v ed RlectREIBM &L ERSIRMPoshaddulEpaficis, bufkdpds T (1. 0, M 1)

ctive particles, with an
i nner | ayealurhinum parti€le®288d roptidhally adritainimg sem:c:g\cﬁihtpelpaeuirhleby voI urre

f duct | third.la
gontC glnn:ﬂr:]gl é@h as s'l'CO'S%Fegﬁggfﬁ"@39&9@"%"%@%@{:‘??@@'%99t'?%‘lwngveSl mml arly,

~anot heg prBE&" ¢18€, Sbch a8 HIHiNERl0688RING3GScAIdidasihsLiRitive Pdrtididy254 mm (1.0
ml) of 30 percent by vol ume conductive particles, an inner | ayer of
O 0508 nm such as a fumed silica. Each of these various components are well
known in the art as well as methods for'formmg the variable voltage
materials with the binders and curing or drying the binders to form the
desired final material. in this regard, the disclosures of the above-
20 referenced patents are incqrpora_ted herein as proViding the basic
materials and components which can be used to make the multi-layer
product accordmg to the present invention.
For use in this invention "conductive particles" include metal
_ particles, such as copper, aluminum, molybdenum, and the like or other
25 conductive materials such as carbon black, carbonyl nickel, tantalum
carbide, an’d'the' like. "Semiconductive particles” include silicon
carbidé, beryllium carﬁide, calcium oxide, and the like. "Insulative
particles" include =iuminum oxide, glass spheres, calcium carbonate,
barium sulphate, and the like. "Colloidal insulative particles” include
30 the colloidal form of fumed silica, kaolin, kaolinite, aluminum trihydrate,
feld spar, and the like. Reference is made to U.S. Patent No.



VIO 96/ 02924
PCT/ US95/

: o
mls) of %ggg@a}ﬁt by vol unme conduct ive part [ cI es and a thljlr%a‘llfwsmssos

of 0.0203 mMm (0.8 ml) of 30 percent by volunme conductive particles.

Mul ti-layer configurations such as these provi de good performance
characteristics. In addition, it will heyrecognized by one skilled in the
5 art that each |ayer which is provided in the formof a polyneric or

ot her di el eca 7z, bondesr fipfier e")tditﬁplbhfbfdﬁféd il papisles andematerials in
sem conductive, insulative and/or coll oi i nsul ati ve particles contained

therei n can erchpptegatyiwhieh arguisefubimihisdnvenrtionifollawing e ed. The
mul ti-Iayer 5@3‘%&@%%% @Héﬁch pgrgteltqprtﬁ;‘alqe}éﬁ,‘forned by applying two or 10

‘more of the ing or drying all of the layers

si mul t aneousl y orFigal4 ﬂrusata'rwsltrfs ihhention Whéreyindividwal uayersfoft vardable
i nvention can be fornmed by applyin the first layer, for exanple, to a

netal gr®undvpitagr PARieSEON @ﬁ réalr Tihg1 8rangk 17 RietseReratedy getigpa!

appl ying the I be 15
applied and rcnu%lr@dlggﬂFgcn;ltr‘|8e o t"ne déeﬂs]ll@%%ﬁég E"nperz%cg‘df ore t%ﬁé}
subsequent | vydablesvoityyge prbtedtios devicepbsitivpaed duetoveencelebtricate skil | ed

in the art that  the lti-layer vari abl voI tage protection conponent
accor di ng toc?m%cﬁ%ggrq Gl %QH"Q@ l3ng in various ways using

\é%ro: gytsngat ﬁ(ral' ﬁletshogﬁgﬁgégrl Prgt;.gl n@%’\t%@?hﬁ%%g@rﬁg thgq\?gr |&8I e
vol t age1@r ot ef makinget -eamablet\lmtag‘eopnutegtmm enatieciakb countainingaay binder cohalkc t
descri bed abOVRIUFHVE,PBIHdIaR BRE/OT HMRATELIS Y EPAClSRInGETPERIBR t he art
the | ayers of hatatvs Barticies B RIRAd A dnanafive afticlou e dispersedin of =5
bi nder nat er the blnzdmtl oAs coentianed aboveeach ofithese: components of binger,
conductive particles, semiconductive particles, insulative particles and
15 colloidal insulative particles are known in the art and are described.in
various detail in the patents referenced above. The present aspect of
this invention involves novel methods of combining these conventional
materials to produce novel variable voltage protection materials having
enhanced properties. The methods of the present invention comprise a
20 step of dispersing the conductive and/or insulative particles and the
desired amount 6f colloidal insulative particles in an organic solvent
whereby the conductive/insulative particles and the colloidal insulative |
particles are thoroughly dispersed in the solvent mixture. The particles
can be added to the solvent in any desired order, but it is generally
25 preferred to disperse the conductive and/or insulative particles in the
solvent first, then add the colloidal insulative particles. The mixture is
then d}ied by removing the solvent by evaporation. The dried _mi,i(ture
of particles is usually in the form of a cake, which is then ground to a
, powder ih a grinder. The resulting powder is then added to a dielectric
30 polymer binder in a milling process to uniformly disperse the particles
throughout the dielectric polymer. For example, the conductive particle



col | oi dal insul ative particles provided that the basic criteria is followed

I n that r‘*gﬁs‘?'ﬁf@%” or layers of the nulti-layer product CO?‘%@W@(&S}’A ower

concent ifon—~or |oading of such particles while the inte 30
contains a higher |oading of such particles. For exanple, each |ayer

can be selected fromthe various conventional variable voltage WO
96/ 02924 . -18- PCT/ US95/ 08808 -
-16- materials available in the prior art which conprise a binder
cont ai Ni NGan be alWAIMUIHS te NHEUGAtIVE paftitl@ Bl R UR UkiEs,| the eowbi@al i nsul ative
particles. Alternatively, it will be recognized that each |ayer can

be i ndi vi dosulglive particieciusped gilice ahths selventguethvhethylngatened Wari abl e

vol t age pr, ] . L L FeC S di psed herein or in
0s. " app! 15006 thtuiation B pltefroiso  AEBINERES, ARsL MBBEF3E, "100," T 11 s
regard, tlhaidiomal insulativegrartibles. viol & pyefermsdcaspéct, thatmethodg, for exanpl e,
the reinforcing mats as disclosed in said co-pending application, can

be selbect dUrther cogaprises forming & first folyentyawyude A s GPRIYGTIve e
mul ti-lay arﬂf:ﬁg%d ngtsiBbFidsrﬁY&Wé gé‘rticws, asnudcr]orminy%gg#ﬁd sbiepy Product

of this invention can be constructe _ t ha I'ayer conprises a
bi nder, sumnixtase of thsaliative particliey @ad colloidal insuliatéd particleg] Bothbi nder ,
cont ai ni ns_n_conduct ive FE%H icles, m hum particles, and

such as . eH u
opt i onal | YESHEER AreseRaraTely Hilsd: She SaPuitingdvo Ory Mixiues 86 i | | cone -
carbi de, afubabaehfGfoy AP théH abkikd SHALRBAEBASl oA #ill\t8 Be mixBdTihif! €5, such
as al um num oxi de and/or colloidal 1nsulative particles such as a
fumedGsi | ippdymBadinddr tohforen aadesinest eanighie voltager protettion materishown in t he
art as well as nethod

with the binderl8 %H&e%ﬁ{q%;@];gﬁg%[]&énGﬁpég'rpa?ﬁégrég{tﬁgé%‘r m"f%WW ° gla:i—r ed
final mat g gkeeddlot Bi strémgposthr SdWert, SticAEY REIC td SReRAE Bindér.
ref erenced patents are incorporated herein as providing the basic
“mat eri al s Ehig roixtpenisntenumixed ima high speedtmixedito fonm awvisdus ayer
material similar to a pigmented paint. This final mixture can be applied
15 as desired to form variable voltage protection components or layers b'y |
depositing the material as desired in layers of desired thickness and.
allowing the solvent to evaporate and allowing the binder to further
cure leaving the desired layer of variable voltage protection material. .
In a preferred formulation, STI Dow Corning fluorosilicone rubber
20 (DC-LS2840) is used in combination with a STI Dow Corning
polydimethylsiloxane (HA2) in a volume ration of about 4:1. This .
mixture is milled until it becomes uniforr_n and essentially translucent.
At that point, a mixture prepared of alu'mi'n_um_oxide and fumed silica
particles is added to the mill. The preparation of the mixture of
25 aluminum oxide particles and fumed silica parficles is as follows. ‘A
' preferred aluminurﬁ oxide particle’is a 5 micron "A14" particle from
. Alcoa. This particle is dispersed in methyl alcohol and the particle-
solvent mixture passed through'a 10 micron screen. To the resulting
solvent diSpersion of aluminum oxide particles is added 1% by weight

30 (based on the initial weight of the aluminum oxide) of a fumed silica



product according to the pres'ent I nvention. For use in this

i nvention wepPslggaesd ve particles” i nclude netal partich somBEhsS
copper, alumnum nol ybdenum and the like or other 25 conductive
nmaterial s such as carbon bl ack, carbonyl nickel, tantalum car bi de,
and the like. "Sem conductive particles" incl ude silicon car bi de,
berylli um car bi de, calciumoxide, and tRh@.like. "Insulative

particles" include alum num oxi de, glass spheres, cal.cium carbonate,

bar i um sul phpaeiclenwHiie is ' EabosiICTISEIapradispdraéd e mexhyl alcetibl andl ude 30
the colloidal formof fuimed silica, kaolin, kaolinite, alugnumtrihydrate,
feld spar, afixedantiligvenhedispersed thyopghahesalyent mhturg. Nbe solvent ™ o

96/ 02924 h f CT/ US95/ 08808
oo Jisenytemeoved thraygh evaporation to form a,cake. The driedl T -°

materials i naluminummdide:aaag;ﬂe-ycahnsdrcaheeusubemgroundttbla;pomdmt i An

fol |l ow ng t he ﬁ{ocedures apd teachi ngs set 8rt,h herej,lq. "

Fig. 4 iPlusPPeeRE sPhMeNtiMuHEe Bh apRlrBInyAY RATtigla desigapted,fHIQr ifrigme 5
vol t age prot 1 i

met al Iayersgl%éé;n 8HEH mglrilh%mﬁg’e glre ég%ffésg&?%gé%'m%&%leﬁeahql
vari abl e vol the nuixed awithoh7 Ueby oweigbs iof iaofirded silicas whicbds r"iGakiosil

duct 1 nd th t hi
ivent i on collhs< SROVapHE, B trakmiauTyPertiges 2 PR P vol t age
protection nﬁ‘iﬁh'yﬁblc‘iﬁm ahd! St9ednétt BIRJugh 4l 20 mlcro‘ﬁoéﬁiﬁéﬁ MerP#id i cl es

and/ or sem conductive particles in conbination th insulative
particl 80 an€&abosildViBadispersed:ini methy ral¢ehalds addedi topféqess;zreened H10 the

D os. PENALES pRR6Rs R 300 RIS BB TSRS SOOBRIED e ana 15
col | oi dal i ngvhpbratediarforfl 8 takee FHe Whiednallitnamt parfidleaCabdsis eakeegl i n
various detail 1 n the patents referenced above. The present aspect of
then ground 10 a powder. The ratio of aluminum particles to aluminum
oxide particles is about 2:1 and about 45 parts by volume of particles
15  are mixed with about 55 parts by volume of binder. Both the aluminum
and the aluminum oxide powders are added to the mill and milled into
the polymer mixture. After milling for a sufficient time, such as 30
minutes to an hour, to obtain uniform mixing, the mixture is removed
from the mill and mixed with methylethylketone solvent in a weight
20 ratio of about one'part solvent per part of total mix from the mill. This
mixture is allowed to stand for a period of a few hours, such as
overnight, in the MEK, then is mixed with a-small amount such as, for
example about 4% by weight bf'a peroxide, which is 1,1-di-t-
: butylperoxy-3,3;5-trim¢thyl.cyclohexane, and 17% by weight of a
25  crosslinking agent, which is trialyliéoéyanurate, wherein the weight
percent is based on weight of binder. This final mixture is then mixed
at low speed to assure thorough mixing then is mixed at high speed
until the mixture béco_mes the consistency of a pigmented paint. This
final variable voltage protection composition can then be coated or
30 deposited on a ground plane or on electrical conductors or _other
éubstljates in desired patterns, the solvents are allowed to dry and the



this invention involves novel nethods of conbining these conventional

mat er i al fyg gy09aduce novel variable voltage protection matgéfassobay NY
enhanced properties. The nmethods of the present invention conprise a

step of dispersing the conductive and/or insulative particles and the
desired anmount of colloidal insulative particles in an organic sol vent
wher eby the conductive/insul ative par-ppcl es and the col | oi dal insulative
particles are thoroughly dispersed in the solvent m xture. The particles
can be addeithdiee atlbevesiotos furthémcareyodemsstidk oritiedesiréd} a itempergenerodl |y 25
preferred to diiﬁérse t he conductjve and/or insulative particles in the

sol vent figkeut nCaffl aRUtEP IBingies cA e HFeR to Asist iR dhe thying xt ur e i s
then drie v : fonlth : p ST l.ed m xture

of partic?%@yicgﬁt@u%ﬁ?fs?’ﬁn?ﬁé or %b%lpa\gﬁcgi%v%tg%h&s‘ﬁ{dﬁeh ground to a
powder in prajectidematenial issthdrebygrovidest ini thet desiredithidknessaadd el ectric 30

polymer binder in.a mllin rgcess .to uniformy disperse the particles
t hr oughout CPHEIYALORL0, ?%’Vgo#D%/ﬂ% yaﬂﬁg'ee‘!@*ﬂﬂeef’yqtﬁgt'gﬂﬂﬁm‘?R/e particle
WO 96/ 02926'0mgonent. This composition can be used to form the multi-llager

PCT/ US95/ 0880 : , :
al um num prodictdoventior distlosed abave oriommombinationhwitb achieoeit|

i nsul ative parti.cle fumed silica and.the salvent methyl ethyl ketone. In
sone f or mPBNGHG HaIVIET paBes e gne e MipQtien sisiiesed ApYSa

addi tional insuagtised PPtd 6h6%e mMethddPasedit'dTdhis RVentionthemet hod 5
further conprises formng a first solvent m xture of just conductive
partitQes erganiespbiemsicamie lagyi saivenlt in which the desedinagtielesawiind sol vent |

R e R e e e
separ at el yCgrouQ\ Hyurocatstatiwhichilis substitiityd lop unsubstitétedd@nd xed in a 10

pol ymer binder to forma desired variable voltage protection naterial.
' include straight and branch chain hydrocarbons, alcohols, aldehydes,

can be

ketones, aromatics, and the like. Examples of such solvents useful in
15 .this invention include methyl alcohol, ethyl’alcb‘hbl. n- or iso-propyl
alcohol, formaldehyde, methyethyl ketone, toluene, benzene, butane,
pentane, the choloro/fuoro ethylenes (“Fréon"‘. solvents from Du Pont),
and others. it will be recognized by one skilled in the art thaf a solvent
that can be readily evaporated under available conditions is desirable.’
20 As used in the above invention the conductive particles,
semiconductive particles and insulative particies are cgnventional as
set forth in the above patents incorporated by reference.
The principles, preferred embodiments and modes of operation
of the present invention have been described in the foregoing
25 specification. However, the invention which is intended to be .
protected is not to be construed as limited to the particular
embodiments disclosed. Further, the embodiments described herein
are to be regarded as illustrative rather than restrictive.. Variations and
changes may be made by others, and equivalents employed without
30 departing from the spirit of theipresent invention, and it is expressly

intended that all such variations, changes and.equivalents which fall



In a preferred nethod, the binder-particle m xture is mxed with. an
excess of wovsjo9end poI ar solvent, "such-as. MEK, to swell 't he gtps5nss08
This mxture is then mxed in a hlgh speed ni xer to forma viscus
material simlar to a pigmented paint. This final mxture can be applied 15
as desired to formvariable voltage protection conponents or |ayers by
depositing the material as desired in Layers of desired thickness and
allowing the solvent to evaparate and allow ng the binder to further

cure | eavi ngwithin desispiit dred/ecopé ovahe ainésemahlvegaoprast@eﬂnmmlrrmmrl al .

In a preferr d fornula i on, ﬁ&i M/Cbrnlng fluorosilicone rubber 20

( DC- LS2840) § glaine bg ‘?fﬁ 'eB¥- wi th a STI Dow Cor ni ng

pol ydi et hyl si | oxane (HA2) in a volune ration of about 4:1. This

mxture is mlled until it beconmes uniformand essentially translucent.
At that point, a mxture prepared of al um num oxide and fumed silica
particles is added to the mll. The preparation of the m xture of 25

al um num oxi de particles and fumed silica particles is as follows. A
preferred al um num oxide particle is a 5 mcron "Al4" particle from

Al coa. This particle is dispersed in methyl alcohol and the particle-

sol vent mixture passed through a 10 nmicron screen. To the resulting

sol vent di spersion of alum num oxide particles is added 1 % by wei ght 30
(based on the initial weight of the alum num oxide) of a funmed silica

W) 96/ 02924 :

PCT/ US95/ 08808 - particle, which is "Cabosil TS530" predispersed in
met hyl al cohol and . - m xed until evenly dispersed through the sol vent

m xture. The sol vent . is then renoved-through evaporation to.forma _
cake. The dried al umi num oxi de particle-Cabosil cake is then ground
to a powder. A 5 second solvent m xture of an. alum num particle

desi gnated "H10" from Al coa, which is 10 micron particle, |ikew se

di spersed in nethyl al cohol then m xed with 17% by wei ght of a funed
silica, which is "Cabosil : o



arconer aadspgeneonrouon = A MEATHEHED “E5es "t g coness ™16
num

di spersed i'n wethyl al cohol is atided t'o t'he®scteened H10

particles in the solvent. After mxing the solvent is evaporated to
forma cake. The dried alum num particle-Cabosil cake is ~then ground
to a powder. The ratio of alum num pajsicles to alum num oxi de
particles is about 2:1 and about 45 parts by vol unme of particles 15 are

- m xed Wt Rypopis T AMED 18y vol unme of binder. Both the alum num . and
t he al um num oxi dé powders are added to the mlIl and mlled into t he

pol ymer nilxt ur éA varigbte woltage grotactonsdéviceicomprising; such as 30
m nutes to an hour r}{g btaln uni form m xing, the mxture is renoved
fromthe mll q’H B'aN% n met hyl et hyl ket one sol vent in a weight 20

ratio of about @ﬁ?e?@"fhé‘é@'d&él@btrﬁ@boﬁ&ﬁér fladPbrkernticl inoddrtaetnil 1. This
mxture is allo to stand for a period-of a few hours, such as

over niSght With anesuiace pfdheigroundaangtand: snal | anount such as, for

exanpl e about 1 .1-di

butyl per oxy- 3, é%%?%?%ﬁ?cq 9%\ gﬁ@@%ﬁg? ogl\r%;(rﬂl' %@&{%ﬁv\%\"{fﬁtmof a 25
crossl i nkicogtagenith séiuqhyeb‘of neat vielsewicipolyaiar, gidwerer cerahsicyei ght
percent is based on weight of binder. This final mxture is then nixed

at | ow sp&d@ragresized by swérlaughbmnﬁ PRSitinaad ibetweraand imreRtagieed
until the I Thi s
final varia ﬁtt% %ﬁﬁarﬁén%%&dfﬁaggé&?ﬂé ?é?\é%%r?qﬁatg%gg%ﬁé ed or ‘30
depoditx ed e&leatngny)omda n&anefweamrdnabetrtd polymeronaling & thioknessef
substrates in desired %a(S Srns the 'solvents are allowed to dry and the_
VO 96/ 0293ess than about 406 mm (1.6 mlls) or consnstmg essentially of a
- PCT/ US95/ §

bi nder ol 1EeC" se?fuﬁ'eheeﬁt"gﬁ'gswgfaasfg hRving@ ghigkness oL 1IN ur o of

about 0.127 mm (5 mils).

2. A device accordmg to Clalm 1 whereln the polymer layer is less
15 than about 0.0203 mm (0.8 mil) and the glass or ceramlc layer is less
than about 0.0965 mm (3.8 mqls).

3. A device according to Clalm 1 wherem the polymer layer is less
than about 0 0127 mm (0.5 mnl) and the glass or ceramic Iayer is less
than about 0.0203 mm (0.8 mil).

20 4, A device according to Claim 1 whéfein the polymer layer is less
than about 0.0051 mm (0.2 mil) and the glass or ceramic layer is less
than about 0.0127 mm (0.5 mil). '

5. A variable voltage protection c'omﬁonent for placement between
a ground plane and an electronic circuit comprising:
25 a layer of variable voltage material comprising a binder

' containing conductive particles or semiconductive particles; and



about 200[err] C for about 20 mi nute "ﬂ || assist in the drying
and curin slinking of the b mﬂ maﬂﬂ mal e 'vol t 3¢qus9s/08808
protecti ogwﬁﬁf@ﬁgl is thereby provi es+red thickness an 5
Configuration to serve as the variable voltage protection |ayer or

_ conponent. This conposition can be used to formthe nulti-layer

product invention disclosed above or inggonbination with the neat

diel ectric polymer, glass or ceramc |layer invention disclosed above.

As used in the abgy HRga 8RR triefpdifner)] Graesidreramic i) contdc@ani ¢
sol vent can be any %ﬁnt I'n which tphe dem?ed particles wll

di sper se andwiitxong tsurfaciecof gaidtlayereef variablenaltage mateiddlyent can be a

t wh d
el Utle: ot r obGRECINES GRS At Sebarit Bobme! el hadRE 2 TiEidbE or "
. ketones, ar opRkithan ABUlG.O40KMmE1EPhis) &rf by tisd neat ﬂ&mctrimsglblk arn 15
this invention include nmethyl alcohol, ethyl alcohol, n- | SQ- proPyI

al cohol , 5f or cetateicyldger havingea hlyllckness)ﬁé le&Som?éhebO%Teﬁz% meu@aﬂ‘él

pent ane, the choloro/fuoro ethylenes ("Freon" solvents fromDu Pont),

and others. It will be recognized by one skilled in the art that a sol vent
that can be geadi lyvanaplenaitsheuprrectvnicorpeneraridr tplacemest besiveenl e. 20
As used in the above invention the cgonductive partjcles,

seni conduct i aegrpundumee andan RIAALEANIG CINGHIL GUPRESIG: conventional as

set forth in the §‘? I%gé d@i‘\%ﬁ&ﬁ@ \ﬁ)‘?{@i@og?cﬁ@ﬁ ‘?ﬁﬁ@ﬁﬁt comprlsm%a he

principl es, prefe nment's operation
present invepindgr Heneg iisperses chereir at headsteabiout 2(fny 3Glumemdci f | cat i on.

However, the invention which is intended to be protected is not to-
be consflPuedcasdurtive & W'FHB"‘B‘&W? parugles; enbodi nent s di scl osed.
Further, the embod| gy f g teckioh intéHaifiAGRAAsk as
il lustrative rat h%r an r rl‘fB}ﬁi‘@?fé Vg'ri?%t |p(|;(r)1se and changes may be

made by ot hewngith ahd firgt Iaydrmuimpmpgwbmwmmg dtspermbmaremgav least t he

spirit of th resent invention, and it is.e t ended t hat
al'l such var o) \éVOHmﬁQ’Bscmcé'dﬁlQfa?eé'ﬁ'(c?'\%ffpﬁﬁefpﬁr}'c'es' anaV\D 96/ 02924

PCT/ US95/ 08808 a third layer of variable voltage protection material in contact
15 with said second layer comprising a binder having dispersed therein at

least 20% by volume of conductive or semiconductive particies.

7. A component according to Claim 6 wherein the volume percent
in the three layers comprise at least about 30%, at least about 40%

and at least about 30% respectively.

20 8.  The component according to Claim 6 wherein the volume
percent in the three layers comprise at least about 30%, at least about
60% and at least about 30%, respectively.

- 9. .A variable voltage protet:tion component for placement between
a ground plane and an electronic circuit comprising:
25 a first layer of variable voltage protect_ion material which is in

direct contact with an electrical conductor in said electronic circuit and



-21- within the spirit agmmﬁmllﬂillnﬂm\%r esent invention as de
t he cl aj nbraced th 96/ 02924 :
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CLAIMED | S: 1. A variabl e voltage protection device conpris
ane; - a layer of neat dielectric polymer, gla
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at | east one electrical conductor of g% ‘el ectronic device in

with said |
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| ayer is |ess t-han  about 0. 0965 mm (3.8 mls).

10. A variable voltage pr'ot'éction co:mb_c’:nent according to Claim 9
further comprising a third Iayer of variable voltag_e protection material

in contact with said second -iéyer compr_iéing a binder having dispersed

- therein conductive or semi_c?ohduc’tive:pé'rtit':les at a % by volume which

10
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25

is different than the second IaYer. '

1. A variable'voltage prote_ction component for placement between
a ground plane and an -electrohic circuit cor’hprising: .

a layer of neat dielectric poly'mer', 'g_lass or ceramic which is in
direct contact with an electrical conductor in said electronic circuit;

a fii'st'la_yer of variablefvmtage'proféction material in contact
with said layer of neat dieléctr'ic_- polymer, glass or ceramic and
comprises a binder having dispersed thereiri at least about 20% by
volume of conductive or sefniconductive_ pérticles; and_

a second layer of variable voltagéi prdtection material in contact
with the first layer of variable voltagé pjrqtectio‘n material comprising a
binder having dispersed ther’éih conductive or semiconductive particles
ata % bv. volume which is different than in said first layer.

12. A variable voltage protection component according to Claim 11
further comprising a third layer of variable voltage protection material

in contact with said second layer co_mpriSing a binder having dispersed

therein conductive or semico'nductive particles at a % by volume which

is different than the second layer.
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Wwherein the polyner layer is less - t han -about 0.0051 mMm (0.2 ml) and
the glass or ceramc layer is |less t han about 0.01 27 mm (0.5 ml).
5.+ A variable voltage protection conpgsent for placenment between a

ground pl ane and an el ectroni:c; circuit conprising: 25

a |layer of

vari abl e vol gge peHRENGH oFqTBKIng a¥afiabigveitage proteceiontraatariay conducti ve
particles or sem conductive particles; and WO 96/ 02924

PCT/ US95/ 088c@mprising:

| ayer of neat dielectric | I 0 e
surface of said | g?/rgﬁmgfa %Ha Iceor\%ﬁ?% eéorrrg(ﬁgérﬂ\él %)&tf&?ékt
“the neat di ejreldtive paioes in a)ihtlerganie solventkness of

about 0.0406 mm (1.6 mls) or by the neat dielectric glass or
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| ayer haBing a thiikingssaigrmixayie to gispasse the cotoidal insulative p’art|5cles : 6.
A vari abl e Vﬁ-! ﬁgggﬁ%ﬁ&ﬁ%b%pﬁaggponent for placenent between a
erectr

ground plane’a nic Citcuit conprising:

| ayer of vari abl eevapbrgingavieast iaoponireof tie solvent;samd
havi ng di spersed therein at | east apout 2 %bt\; vl une of
sem conduct i ve pafMixiigthe resultant mixture of condu

W th one
8 collojdal 1 bV
| ess t han
eran c
a first.
a bi nder
10

ctive particles and cco%'o‘,jé'éit Ive or

insulative particles with a binder to form a variable voltage protection

10 material.

14. A method according to Claim 13. comprising:

sieving the conductive particles and solvent before evaporating

the-solvent.

15. - A method according to Claim 13 comprising:

15 evaporating sufficient solvent to form a cake of the conductive

particles and colloidal insulative particles; and

‘grinding the cake to form the resultant mixture of particles for

mixing with the binder.

16. A method according to Claim 13 comprising:

20 forming a separate mixture comprising insulative particles and

colloidal insulative particles in a light organic solvent;

mixing said mixture to disperse the colloidal insulative particles

in the insulating particles;
-"'evaporating at least a portion'of the solvent; and

25 mixing the resultant mixture of conductive part_icles and colloidal

insulative particles and the resultant mixture of insulative particles and

colloidal insulating particles with a binder to form a variable voltage .

protection material.



a second | ayer of variable VO|H terial in contact '
with th ' ayer conprisin mmﬁm[wﬂlﬁﬁdl spersed therein at | east
40% by vo“iuud’r?@a%# conductive or sVesparticles; arfd/US5/08808 a

third | ayer of variable voltage protection material in contact 15 with
said second | ayer conprising a binder having dispersed therein at '

| east 20% by, vol ume of conductive or _sgm conductive particles. 7.

A conponent according to Claim6 wherérn the vol unme percent in the
three | ayer$ cORRdritfIéVoliags prafition3Rtedhl foramly BPoUt 40% and at

| east about 30% respecti vel ;@/ P g%&{ 8.  The corrpgﬁent according to Caim

6 wherein the Vigiroieg a mixtupe coamrising icomduistive particles arahpollsidaht | east
about 30%, at, l.east_abput. . 60% and at: | east about 30% respectively.
9. A vari a{Bglé'a%'Pthpaadg'c&solpe%{'g%o Wﬁﬁgﬁ‘@'}tor pl acenent between a

ground pl ane angiafg Y=k MivAlire t‘éidji%P FseCHEPEGODiBSS indalative Farticiey | ayer of
variabl e voltage protection material- which-is in direct contact with
an el &t riigdheceontiuative particlesd el.ectronic circuit and WO 96/ 02924
PCT/ US95/ 08808 . L = . - 24-

conprises a bi ri@PHAYNEFLIPS? POLUOR A NG SAIVEN &Ndahout 20% by

vol une of condugbiiig the reeuitsNMILiUre DFRESTIdUBtR® partidles and colloidal @ second
| ayer of variable voltage protection material in contact
insulative particies with a binder to form a variable voltage protection

material.

10 18. A variable voltage protection material formed by: ' | -
forming a mixture comprisi'ng condud_tive particles and colloidal |
insulative particles in a light organic solvent;
mixing said mixture to disperse'the colloida__l insulative particles
in' the conductive particles; | |
15 ‘sieving the mixture of particles and: solvent;
evaporating sufficient solvent to form a cake;
grinding the cake to form a mixture of conductive particles and
colloidal insulative particles; and - |
mixing the resUItant mixture of conductive particles and COlloid'al_
20 insulative particles with a binder to form a variable voltage protection

material.

19. A variable voltage protection material formed by:
forming a first mixture comprising conductive particles and
colloidal insulative particles in a light organic solvent; .
25 _ ;'nixing sau! first mixture to disperse the colloidal insulative
-particles in the conductive par_ticles; |
evaporating at least a portion of the solvent -from the first

mixture;



> -

\‘/\/ith the first |layer conprisi ng“ “ ﬂmun di spersed therein at |east
40% by, of conductive m IH ﬂmmﬂe partl cl es 1US95/08808-C-
varl abl e V‘théég&f)‘r otection conpenenht according to daim?9 PCT ?urt%er
‘Corprising a third layer of variable voltage protection materi al in
contact with said second |layer conprising a binder having dispersed

therein conductive or sem conductive pakpticles at a % by vol ume which 10

is different than the second | ayer. 11. A variable voltage
protection corrpong&tmﬁ% a Eleéﬁﬁm%t%t&@rﬁﬂnsmg ins@lagveyskHiBlezgnhand an
electronic circuit conprisin a layer of neat dielectric

pol yrmer, gl asellmdabmsmﬂatwa/\pamclesm a light organicesstiventiat act with an

el ectrical conductar.in said electr nlc cifcui rst |ayer
of variable vol t aff¥* m%%@aﬁe&?nﬁa‘?‘ A t?r?r' %séﬁé couo'da\;\ﬂsﬁj@éﬁﬁ | ayer  of
neat di el ect ph@idles YW ehe it A8EvOpafiEiasi c and conprises a binder

havi ng di spersed therein at |east about 20% by vol ume of conductive
or seni cbnduct i veepaporatinggat least a portion of the sokyepbff@m ahesesPndari abl e
vol tage protection naterial in contact 20 wth the first |ayer of

variabl e vol f'?;lﬁt}' 808ction material conprising a ~ binder having

di spersed therei nn@ian@gﬁe Yés Mfard &firs € anistiirei Mecclimmatmeeﬁartlcles andt a % by
vol ume which is different than in said first

vari abl e vol caljeidal insadative parigiesand Té.‘@c’@ﬁbﬂtﬁ yﬁ%‘:?ﬂ(bmﬁﬂe °]f Af urt her
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contact with'&4 conprising a avi ng di spersed

ther ei n1gondmﬁﬁmVaeveﬁaBlemmwywctdmetioarmamres at a % by vol ume whi ch |
is different than the second |ayer. , WO 96/ 02924 -
PCT/ US95/ 08808 ' '

20. A variable voltage protection composition comprising a mixture
of a binder, a mixture of conductive particles and fumed silica and a

mixture of insulative particles and fumed silica.



- 25- 13. A nethod of meking a variable voltage protection material
conpri si Ng: wo 06/02024 formng a m xture corrprl sing conductjve gqart I cl es
and col | oi d"?’ insul ative particles in a light organic sBETE

m xi ng said m xture to di spefse the colloidal insulative particles in
t he conductive particles; evapgrﬁtl ng at |east a portion of

t he sol vent; and m xi ng the restl*tant m xture of conductive
particles and coll oi dal i nsul ative particles with a binder to forma
variable voltage protection 1 0 materi al 14. A nethod according
to Caim13 conprising: . W)ng t he-Enduct jrel@articles and
sol vent before evaporating A net hod

according to Claim 13 conprisi ng\ IB7"7 "‘.d AT ATANg
sufficient.solvent to forma <“mmm_‘ particles and

col l.oi dal insulative parti rre grémer t heldake to form
the resultant m xture of partlcles for m xi ng with the binder.

16. A nethod according to Caim13 corFP N 2 formng a
separate m xture conprising insulative I col | oi dal

I nsul ative particles in a light organic sol vent; ~ mxing said
m xture to disperse the colloidal insulative particles in the

i nsul ating particles; evaporating at |least, a portion of the
sol vent, and 25 m xing t resultq@ m Xt ur |q>f conductive
particles and col |l oidal I nsul-aty ve partlcles agd T he resul tant

m xture of insulative partisles ang ul atir]%particles

ial.
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.(57) Abstract

Disclosed is a variable voltage protection device for electronic devices which in one aspect comprises a thin layer of neat dielectric
polymer, glass or ceramic (12) positioned between a ground plane (14) and an electrical conductor (10) for overvoltage protection, wherein
the neat polymer, glass or ceramic layer does not include the presence of conductive or semiconductive particles. Also disclosed is
the combination of the neat dielectric polymer, glass or ceramic thin layer (12) positioned on a conventional variable voltage protection
material (13) comprising a binder containing conductive, semiconductive or insulative particles. A multi-layer variable voltage protection
component is disclosed comprising three layers of overvoltage protection material (15, 16, 17) wherein the outer two layers contain a
' lower percentage of conductive, semiconductive and/or insulative particles and wherein the inner layer contains a higher percentage of
conductive, semiconductive and/or insulative particles, The multi-layer component can optionally be used in combination with the neat
dielectric polymer, glass or ceramic layer (12, 12°) and can optionally have interposed metal layers (18, 18°). A method is disclosed for
dispersing colloidal insulative particles and conductive, semiconductive and/or insulative particles using a volatile solvent for dispersement
of the colloidal insulative particles and the conductive, semiconductive or insulative particles before mixing the resultant particles with the
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