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of ' BACKGROUND OF THE INVENTION
- 10 Voltage transients can induce very high currents and vdlfages that can
penetrate electrical devices and damage them, either causing hardware damage
such as semiconductor burﬁout, or electronic upset such as transmission loss or
loss of stored data. The voltage transients produce large voltage spikes with
' high peak currents (i.e, over-voltage) The three basic over-voltage threats are
15 electrostatlc discharge, line transients, and lightning. Electrostatic discharge
[ | typlcally occurs when static charge dissipates off the body of a person in direct
physical contact with an operatmg electronic system or 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 |
, 20 stationary objects, such as a building, or mobile objects such as aircraft or
| missiles. Such strikes can suddenly overload a system’s electronics. At peak
‘ ' power, each of these threats is capable of destroying the sensitive structure of
| | an mtegrated circuit chip. |
_ Various overvoltage protection materials have been used prevmusly
25 These materials are also known as nonlinear resistance materials and are herein
referred to as voltage variable material. In operation, the voltage variable
material initially has high electrical resistance. When the circuit experiences an
overvoltage spike, the voltage variable material quickly changes to a low
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sensitive structure of an integrated circuit chip.

Vari ous overvol tage protection::materials have been-used previously. 25
These materials are al so known as nonlinear resistance materials and are
herein referred to as voltage variale material. In operation, the
vol tage vari abl e . material initially has high electrical resjistance.
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t he integrated circuit chip, for exanple, will not be subjected to a
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typi cal | y conprssitehf(unddrysutge coratitiores) from déssullitingao cenducting is the switch or gani c —
resin or insul %ﬁ&@e.mi%hé’emmaféf{aseé%%iﬁ ’corl%ip%se %ax‘lteﬁ'néivxlxoed particles dispersed in
an organic resin or insulating medium. For example, U.S. Patent No.
4,977,357 (Shrier) and U.S. Patent No. 4,726,991 (Hyatt et al.) disclose such
15 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. 5,142,263 and 5,189,387
(both issued to Childers et al.) disclose a surface mount device which includes a
20 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 comprises a lead frame, an integrated
circuit chip protected by an electrode cover which is connected to ground on
one side, and a variable voltage switching device including the voltage variable
25 material connected to the electrode cover on the other side. U.S. Patent No.
5,246,388 (Collins et al.) is directed to a device having a first set of electrical
contacts that interconnect with signal contacts of an electrical connector, a
second set of contacts that connect to a ground, and a rigid plastic housing
holding the first and second set of contacts so that there is a precise spacing gap
30 to be filled with the overvoltage material. U.S. Patent No. 5,248,517 (Shrier et
al.) discloses painting or printing the voltage variable material onto a substrate
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circul try. uniform thickness of voltage variable material and to prevent shorts or
variations in the clamp voltage if pressure is applied to the material. In
15 | addition to these qualities, it is desirable to have the voltage variable material
be continuous across at least one of the surfaces of the variable voltage
protection component for universal application of the component, for example,
across a single circuit line or multiple circuit lines.
U.S. Patent No. 5,262,754 (Collins) discloses an overvoltage protection
20 element that can replace discrete devices presently used in protecting electronic
~ circuits. The overvoltage protection element includes a layer of insulating
- material having first and second spaced major surfaces spaced a predetermined
distance to determine the thickness of the element, a plurality of spaced holes
. extending between the major surfaces, and a ‘overvdltage protection material
| 25  contained within the holes formed in the layer of insulating material and
extending between the spaced major surfaces. The spaced holes are formed by
perferating the_ layer of insulating material by mechanical punching, laser |
processing and cutting, chemical etching, etc. The holes are formed in a
pattern and should be wider than about one-half the width of the associated
30 electrical circuit to which the holes will overlay. The spacing of the holes is
determined by the spacing of the leads in the electrical circuit. '



5 It is commonly known in the art that the thickness of the
vol t ageW0 96/02922 vari abl e material and vol une of the naterpeiususmsészpor t ant

to perfornmance. See U.S. Patent No. 4,977,357 issued to Shrier,

U S. Patent No. 4,928,199 issued - to Diaz et al. and U S. Patent No." -
4,726,991 issued to Hyatt et al. Likew se, it 1s known that the '
clanp voltage is reduced or the voltage variable material can 10 short

out if put under pressure. See U. S. Patent No. 5,248,517 issued to Shrier
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el ect r i cal campressible conductlve ground plane that 1s flexible so that the device will

- 15 conform to 1rregular surfaces.
A variable voltage protection component in accordance 'witﬁ this
invention comprises a reinforcing layer of insﬁiatih'g material ha\?ing a
substantially constant thickness impregnated with a voltage variable material.
With this configuration, the reinforcing layer defines a uniform thickness for

20 the variable voltage protection component that is resistant to compressive forces
that may cause a reduction in the clamp voltage ora SHOrt in the voltage
variable material. In addition, the voltage variable material can be continuous
across at least one surface of the variable voltage protectlon component for

_ universal application to electronic circuits.

25 E In accordance with one aspect of the present invention, a variable
voltage protection component for placement between a system ground and an
electronic circuit is prdvided comprising a voltage variable material, and a
reinforcing layer having a substantially constant thickness embedded in the
variable voltage material. |
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The ,above U. S. Patents referred to are incorporated herein by reference.

Al t hough the prior art discloses various materials and devices, there is a
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vartable materials and devices of nore consi*Stent perfornmance properties to
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is flexible so thaklhher desce will 15 conformto irregular surfaces.

A vari abl e voltage protection conponent in accordance with this

invention conprises dnrascordancs with|yey anothér aspect|oftthe prasentdnventionaai ng a
substantial ly cqnsiant I ckness. i npre ted with .a voltage variable
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| east one surface ¢ vari abl e voltage protection conponent for
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protection device is provided, eompﬁsing providing a variable voltage
15 protection material having a reinforcing layef-of substantially constant
thickness, providing a conductive substrate, depositing on the conductive
substrate the variable voltage protection materiai cdntaining the reinfbrcirig
~ layer. |
In another one of its method aspects, a method for making.a variable
- 20 voltage protection device is provided comprising jamviding a conductive
substrate having a reinforcing layer of substantially constant thickness on i'
surface of the substrate and impregnating in the reinforcihg layer a variable
voltage protection material. '
4 In yét_ another one of its méthod aspects, a method of making a variable
! 25  voltage protection device is pmﬁded comprising providing a compressible
conductive ground plané, providihg a variable voltage protection ‘material, and
depositing the variable voltage protection material on the éompressible
conductive ground plane. |



25 _ I n accordance with one aspect of the present invention,
vari ablk@s ogim2922 VOl tage protection conponent for pl acerrg%g ?j;
system ground and an " electronic circuit is provi ing a

voltage variable material, and a reinforcing |layer having a
substantially constant thickness enbedded in the. vari abl e vol tage
material .. WO 96/ 02922 6 .
PCT/ US95/ 08683 - In accordance Wi th another aspect of the
present invention, a -”‘dL" . . gon conponent for

placenent bet ween a sysSte ronic circuit is

provi ded conpr |Man)gobje¢temd admnmgek afehe preyém dnvention will besuppaiennits al | y
const ant th| ck esa‘h r| Si ng a |l ural i % f pi eces of insulating 5

material , eﬂé\‘ 18§ qsms 1}‘ cOnjUnSHeR

th bet t th
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I n adcordaefetendettdnﬂ;eeaccampattmng deaveings whetehehhe eeference numetaisoare a
- variable vol r ot ect | ogﬂgew ce for use in conbination with a system
ground 103PPli mp‘ﬂfﬁ/ MhETHB: 2 variabl e vol tage protection

conponent, and @G, 1isa arﬁﬂrﬂ?bﬁsﬁbﬁhrﬁl‘p%ﬂé&fvb‘&ﬁe\gb?‘bﬁgeﬂib%ﬂﬁn&{?m acting

the variabl e voItage protectlon onent I n one of
i ts met hoof sbgpwariable voltagepsatettion mpmlg;na ra m postiomgemoved to

protection e . yoviding a variable voltage 15 -
prot ect i oﬁh?dw’g\ﬂé?c %'%#%&%%%@é@?gﬁg ’yer of substantially c¢onstant
t hi cigness, pr oI 2Gisa crosFsetionat view of andther ElfbSHinkht\ef 68 p&ésemconduct VY

substrate the variable voltage protection nmaterial containing the
r ei nf or ci myentmn wherein the reinforcing layer is non-woven glass mat;

FIG. 3 is a cross-sectional view of another embodxment of the present
invention mounted on a conductive ground plane wherem the remforcmg layer
is non-woven glass mat with spacers; _ |

15 - FIG.4isa cross-sechonal view of yet another embodiment of the
present invention wherein the remforcmg layer is sized spacers;

FIG. § is a cross-sectional view of the variable voltage protectxon |
component of FIG. 4 with smaller sized spacers;

| FIG. 6is a perspecttve view of an mtegrated clrcutt chlp camer utilizing
20 the present mventxon,

FIG. 7 i isa perspecttve view of a telephone connector utthzmg the

present invention;
. FIG.8isa partial cross-sectlonal perspective view of the present

invention installed on the edge of a pnnted circuit board;

25 FIG.9is a perSpectwe view of a standard packaged variable voltage
protection dev1ce in accordance with the present mventton-

" FIG. 9A is a cross-sectional view of another embodiment of a standard
packaged variable voltage protection device in accordance with the present
| invention; | |
30 FIG. 10 isa perspectlve view of a lead frame for producmg variable

voltage protection devices;



| ayer. wo96/02922 | N another one of its method aspects, a pgt 1643
maki ng a vari able 20 vol tage protection device is provided conprising
proyi ding a conductive - substrate having a reinforcing | ayer of
substantially constant thickness on a surface of the substrate and
inmpregnating in the reinforcing |ayer a var17abl e vol tage protection
mat-eri al . I n yet another one‘of its method aspects, a nethod
of making a variable [ Iy I si ng
praviding a corrpress?gﬁ 1 ly%tlﬁtggm&g h g’roun éaﬁletﬂ g‘%%{\/iﬁ% &gé

vari abl e vol tagprqleclioaodamponamtm’rﬂ\alpxesandmvenuon mstdlmi;m ting the variable
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BRI EF DESCRI PTI ON 6: “THE DRAW NGS Many obj ects and

advant agesSof the prd6eni3iisaaiscrete vanableboltmqapnomnonoomponent in hose of
ordi nary skill |nthe art, WH‘F t hi eC|f|cat|on is read in conjunction
with the attach89 eﬁ‘f?/ EPROMWI 11 now be described with 5

reference to the aCC(FlGa'M'l@ﬂ %ﬁ%ﬂ%ﬁbﬂabﬁh@dr&fcﬁft%ﬁl RitH%he! s are
applied to |like el ements and wherein: 1is a partial

cross-sect i onal vpdiatle ¥oltagesprptestion compenentiof dherpresent mvennomiammetedan itheb| e
vol t age prot eCt'ﬁE crlx%gr{ th a center portion renoved to show
t he reinforci ng §7§ en glass mat; 10 FIG 2is a

cross-sectigonal vi ewRIG, 154$ e EBAINAE Viewobf irbtha? RORButilizing the variable
volmge protection component of the present invention to contact a
predetermmed pattern of leads;
FIG. 16isa cross-sectlonal view of an integrated circuit chlp lead frame
with a variable voltage protection component of the present invention installed

15 across a die pad ground; .

FIG. 17 is a cross-sectional view of an altemate embodlment of a
printed circuit board utilizing the variable voltage protectlon component of the
present invention; and

FIG. 18 isa cro.éS—sectional view of another embodiment of an

20 | integrated circuit chip lead frame with a variable voltage protection component
installed.
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" In one embodiment of the present invention (FIG. 1), there is provided a
~ variable voltage protectidn component 1 comprising a reinforcing layer 3

25 e‘mbedded in thé volfage variable material 5, or in other words the reinforcing

layer is impregnated w1th the vbltage variable material. The feinforcing layer 3 .

~ has low compreSsibility and is selected to be of predetermined thic_lme'Ss so that

l ' the variable voltage protection component 1 will have a predetermined uniform

thickness 7. By using the reinforcing léyer 3 to achieve a uniform _thicknéss,

| 30 repeatable electrical performance can be achieved. |



i nvention wherein the reinforcing | ayer is non-woven glass mat;
FIG 3 wossmmpnss-sectional view of anot her enbodi nent ofpé.f}gsgroggégnt
i nvention nounted on a conductive ground plane wherein the relnforcing

| ayer _ i's non-woven gl ass mat with spacers; 15 FIG 4is a’”

cross-sectional 'view of yet another enbodi nent of the . present-
i nvention wherein the reinforcing laygy is sized spacers;
FIG 5 is a cross-sectional view of the variable voltage protection

conponent of F Frefetably! thesiefitbRings g3 198 16w Tompressibility fabric whichG. 6 15 a

perspective view of an integrated circuit chip carrier Utilizing 20 t he
present i riasr foyncoefficient of thermal expansionandsa low dlielectric constante\Thef a

L1 ePRONC SBABEfy ad B 8 e SRR, BAKEES R0t
i nvent i on butsiotlildtédao, & iporaus golyrherasupponn tnsaterddl rsuch s befaired to2fn
or ot 65t | or0bubaient - 46230, $46 doufor 413 speiicienss o Lhs: Bawent ' | °0°
packaged v R L M L1t e e
inventi on;published as EuropednCPatefit Application EPe194872 oni Septerfiber 17¢d986), ame f or
P sohy R synihetic resin potjindr e Bl & Hhai toid Bhik e rademarkc ' 5 02922
FIG 11 i s"FEFLONe(fidh8ficRiécby E.E PR Némots % (0b. AWifthingfohe Vo! t age
10 Delaware), pblypropylene, glass, aromatic polyamide such as that sold under ‘
the trademark "KEVLAR" (manufactured by E.I. du Pont de Nemours & Co., -
Wilmington, Delaware), polyester, thermopla'étic polymer, thermos'etting
- polymer, epoxy, and ceramic. The reinforcing layer 3 can be compnsed of
fibrous pieces of insulating material 9 forming a mat as shown in FIG. 1 or
15  particulate pieces of insulating material 11 forming a non-woven mat as shown
o in FIG. 2. The non-woven mat can be comprised of random particulate pieces
pressed or bonded together to form a sheet. The pieces can be pressed and
aligned so as to be all substantially horizontal. Further, the non-woven mat can
be the woven fibers 6£ the mat shown in FIG. 1 broken, cut or chopped into
20  smaller pieces. In addition, the fibers or pieces of insulating material can be
coated with a metal coating provided that they are distributed so as to not create
" a short or can be metal particles coated with insulating materials.
The reinforcing layer 3 includes a number of voids or spaces 13 betweeti
the pieces 9 of insulating material in the mat (or pieces 11 in the non-woven
25 ‘mat) comprising the reinforcin’g layer. In one embdd_iment, the ybltage variable
material 5 'impregtiates the reinforcing layer 3 so that there is a continuous path
15 of voltage variable material from the top surface 17 to the bottom surface 19
(FIG. 2). The reinfofcing layer 3 can be imprégnate’d with the voltag§ variable
material by a variety of methods as will be appréciated by one of ordinary skill
30 in the art such as: dipping the reinforciﬁg layer in voltage variable material
then squeezing the reinforcing layéf between two rollers; painting or pasting the
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protection cefyedeebs of the present invention installed, CT/US9
FIG 12 is a cross-sectional view of the chip |lead frane of FI& ,ﬁ 5108683

along line 12-12; 5 FIG 13 is a discrete variable voltage
protection conmponent in .. ~accordance with the present invention;

FIG 14 is a cross-sectional view of a pri rged circuit board with the
variabl e vol tage protection corrponent of tHe present invention lamnated in

t he pri ﬂg&%ﬁﬂahﬁﬂbtmﬁ%ﬂ S the remforcmé: la?er,.leif/ﬂéﬁ Gafen@ding &ad.1 onal
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protection conpgiiiftion?f Th@%ﬁiéésﬁdﬁable%%hhp&n' BESéattinGéuslatross tﬁé%&lﬁ&n@ di e

pad ground; 7 1's a cross-sectional view of an
al ternate 3mbodbottom surface of the variabje ivoltege protestipn cowponentisp(thatithe) t he

vari able volta nv ,on;
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OF THE | NVENTI dhe Voltage variable matqrials, Resmaalhaumberof omduetivepagticles of alargei on
FIG 1), th t
( ), thereg) g *ﬂ@%{@sen m3th§goi’d§r1'3abi= gl ﬁg &ﬁ&h fiyk conmponen

1 conprising a re|n efbedde age vari abl e
material 30 or particlebare m@:tﬁely hege Empmxclesgwn fit into thevpidls thereforp megreat ed

Conpr essi bi 11 ¢ ywilh e 08 the QR pETRce f e \Briablecsiings ARl rlind s arly thiac
ey 0 ¢ VOlepAERBE IR IR ARRCREH ondibhle BBtEeF M BRSNTRS
Unl f or m t hi cknetop, and(bottom syrface b the driabler valtage matérial isappliedzto bioth thettopved.
and bottom surfaces. Whereas if the particles are relatively smail more
15 particles will pass into the voids. _
| In another embodiment, the reinfo_rcing layer 3 is embedded in the
voltage variable material 5. The reinforcing layer can be imbedded in the
voltage variable material by a vaﬁety of methods as will be appreciated by
those of ordinary skill in the art such as coating a substrate with the voltage
20 variable material then laminating the reinforcing layer into the wet coating;
| preparing a layer of voltnge v‘afiable material then pressing the reinforcing layer
into the voltage variable material, etc.
The voltage variable characteristics of the variable voltage protecuon
component 1 are determined by the voltage variable material used and the
25 tlnckness of the component. The greater the thlckness the higher the clamp -
voltage. If a clamp voltage between about 20 to 30 volts is desired a typical
thickness 7 for the variable voltage protection component would be .8 to 1.0
mils. If a clamp voltage between about 30 to 40 volts is desn'ed a typical
thickness would be 1.0 to 2.0 mils. If a clamp voltage between 40 to 70 volts
30 is desired a typical thickness would be 2.0 to 3.0 mils.
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Preferably, the reinforcing layer 3 is a |low conpressibility fabric which
has a | ow coefficient of thermal expansion and a |ow dielectric constant.
The reinforcing layer 3 can be any of a nunber of insulating-

mat eri al s i ncl udi ng, but not.ipimted to, a porous polynmer support
material such as referred toin 5 U S. Patent No. 4,950,546 (Dubrow et

al.) and di scl PER®B illustiaﬁs titissulating spacers APutic a$ ceamEebi glasdlo. 711, 119
filed March 12, 1985, (equival ent di scl osure. publ i shed as European )

Pat ent ACPIEEEA AR heprddad ipthe Tsintersingclayen 3 (mat arsm-woven mat) to por ous

Y o TORARuRRlY BhbPBE diilled. ) Bl 2 Gind BEWELPRTBLY
Del awar e)surfacé )lﬂranﬂyioanm, suyfagze 49. alfmrmpressmwhmedis applidd mthbhat sol d under

the radenmay a@g manuf act ur ed E f ﬁont de Nenours & Co.
ngt offrk g)pro %W“ePh@Fm? w (ﬂcglﬂ%i‘upp?ﬁélaﬂ@settl ng

po'yrrer RERNY thé VeltpR vaifiable rﬁﬁlﬁnﬁlefraﬁq;éiﬂg‘gmh ngtlﬁﬁ nfifgP i sed of

b}

fibrous pieces of insulating material 9 formn t a shovvnln FIG 1 or
15 parshoneloauedqmanemﬁieqmmvahag&g Tepasticular, ]thei‘esnmmgta non-woven mat
as shown qu The t}gn mat. can b i sed of random
parti cul é{rgssafeetselgxportan “mlﬁgg%' fGanng l"’ro OSPACESsheet . The

pi eces caxy & be A%y predeRemined size asadlbﬁ&ﬁcbysﬂhe%ﬁaﬁa@teﬁﬁn&' Gi.esumetantially

hori zontal . Further, the non-woven mat can : be t he woven fibers of

t hel@mt <iermp viokiage, @tc.) desirsdfor %YMIQMWQWWWWMPOTGMI Fer piecesg

coated wi AT & B VARG riret Rijteetion SonMBhie 8 iR B0, o o ot

create the spacersiifvuld be OChto bd mills,2dndpgreferablpd milatiackenedal) thesul ating

mat eri al s. The _reinforcing | ayer 3 includes a nunber of
voi ds or %goqglogeﬂmble voltage variable protection components are between

0.2 to 10 mils in width. It is contemplated that the spacers can be other shapes
15 other than spheneal The s1ze and shape of the spacers is also dependent on the
size of the metal particles in the voltage variable matenal )
FIG. 3 further illustrates that the variable volmge protectioa"mmpOnent
1 can be attached to a conductive ground plane 23 to form a variable voltage

protection device 25. The variable voltage protection compdﬁent can be
20 attached to the ground plane 23 by conductive adheSiVes, conductive primel's,
non-conductlve primers, direct bondmg, etc. In addmon the vanable voltage
protection component 1 can be attached to the ground plane 23 by processes
~ such as spraying, rolling, spin coating, lammatmg, moldmg or extruding. For
example, the conductive gf_ound plane 23 can be a predetermmed .len'gt'h' and tlie _
25 variable voltage protection eomponent 1 can be laminated to the ground plane
23 or the variable voltagéprotéction component 1 and the grohnd plane 23 can
~ be continuous reels and combined in an extrusion or lamination process. |
The conductive ground plane 23 can be any of a vanety of electrically
 conductive materials known to one of ordinary slnll in the art such as copper,
30 mckel plated copper, brass, beryllmm copper, etc. The conductive ground



the pieces 9 whdgseshat i ng material in the mat (or pieces 11 iri’ﬁé‘?ﬁ”?{g%ﬁ”

non-woven 25 mat) conprising the reinforcing layer. In one e

the vol tage variabl e material 5 inpregnates the reinforcing |ayer 3
so that there is a continuous path - 15 of voltage variable material
fromthe top surface 17 to the bottom surfa}_(i?_ 19 (FIG 2). The
reinforcing layer 3 can be inpregnated with the voltage variable .
material by a aplafid ¥3 @hn BEfARfbTe pbickVab b BA) 8P Haf ! AhSdnfornPiSirula di nary
skill 30 in the art such as: dipping the reintorcing |ayer 1n-voltage
variable materi adervices. “then squeezing the reinforcing |ayer between two
Ir:.(é%-} 8&35 / 8?62? ng or na§étlarﬁ8mwgmbMimmt, Mg cggéu%%%g 2ground plane 23 is pyeferably

vol tage vari abl ecgpragsitib, WithRe EfpreSiibie Cohllindive B¥6ind Hiasd 2% the variable
cal endaring; etc. There should be a sufficient anount of voltage

vari abl e maderi avoltage iproteetipn dryice 25 can he placed or compressed betveencan elgetrical or

vari abl et or | e hE pdReh B OB ap suter oo B B cfnectol Wil Bfeing ..
of the variabl e thelthidkfesd 0ftiRe viriable volRge Qirdtestion fothpdneat 1 and thus revén@ing nt
can be universally used across variable |ead patterns on_a circuit

wi t hout preci si othorsand egsurning religble flestrical chagagteristics and clampiyeltages The
ticl . Lo i \ . f
Ponduct ve par t i ymerelsible gPboirOfaiss 8h be By of s aripn ol BlepBMibRRs | .

13. For exaopl e, coriduttive polymerit imateridl, conduativé silieon epoxyy etureticontyctiver ge few -
particles will fit into ,the voids therefore i he, on the top

. re wi |
surface if the veiHens wbhen copduchiye W’i-*‘éc-gg’ﬁ?fﬁa?hb the geppregible ground ¢ o
surface. In a li SRY a0 i {1 W h the
top and bottom sél(rs?ace ?t?nd[\lgg"}%a” ag#gro\i;o ?@S‘é“’%ﬁ"%@:‘f'alﬁ{es&g“ﬁﬁs@géto bot h

the top conduttive ground planecan befeithenmelectrically conuductive atsalhveltages or
relatively small elgcot;'igally conductive only at high voltages similar to the voltage variable
15 material, o

In another embodiment, the conductive ground plane 23. has a compliant
_ consistency on at least one surface so that the variable voltage protection device
can conform to irregular surfaces. In addition, the conductive ground plane can
have at least one adhesive surface so that the conductive ground plane will
20 adhere to and maintain electrical "contact'; with an electrical component surface.
Preferably, the adhesive surface will have "quick stick” capability when it is
pressed into place. ' - :
FIGS. 4 and 5 illustrate that the reinforcing layer 3 can be comprised of
spacers 21 only. In FIG. 4, the spacers 21 extend between the top surface 17
25 and bottom surface 19 as discussed above to form a reinforcing layer of desired
" thicknéss 7. The voltage variable material 5 fills the voids 13 between the
spacers to provided a continuous path between the top and bottom surface. In
FIG. 5, the spacers 21 act in the same way but are smaller sized spheres which
b are stacked on top of one another to form the reinforcing layer of desired
| - 30 thickness 7. The spacers 21 can be of any desired shape énd size and stacked

1 in as many layers as desired to form the reinforcing layer.



15 particles will pass into the voids. I n anot her

embodi nwotgsobgze reinforcing layer 3 is enbedded in the pcrusesisdssade
variable material 5. The reinforcing |layer can be inbedded i1n the i
voltage variable material by a variety of nethods as will be appreciated by
those of ordinary skill in the art such as coating a substrate with the- '
vol tage 20 variable material then lgmnating the reinforcing layer into .
the wet coati ng; preparing a layer of voltage variable nmaterial

then pressing t e vaiagovaidble hiditial 5 used in adcBb@inbd Yithht BReHer | P! ©
material, etc. The voltage variable characteristics of the
vari abl e vuiveagen gambeany yoltage variablecroatptialcknown i the det, fonexampléy t he

The. ar eat ol B RLE R et AES, Hifel BB, S a0 (0SS G5 Bt VB 2 el o

vol tage beyyReroab@ian?d 419, #ichodré indd?p&@éﬂ'h@fbiﬁb&?fgfefé’dce. thi ckness

7 for the variable voltage protection: conponent wou be .8 to 1.0
m|s.51f aGenemily.thetvolags ¥ariahie material camprises4obindér and closkdw spazdda t ypi cal

t hi ckness .he 1. 2. 1ls. J.f .a clamm vol tage between 40 to 70
volts 30 -@9%98‘2%??%@1%%&&%8@0“?%%%ﬂ@g@m%%gﬁée% A ® i | s.

WO 96/ 0292Brovide electrical conduction. In addition, various material such as that '
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FIG 3 il disclosedoin Unt Patenst Nowt 4,463 374 (Burgessietaloiandeasedi ¢ or gl ass -
more. accur KegryEE sl fe e IR, ") | T (Catars 21 extend between ¢ he
top 10 sur Pesferably, dioveher, itheTveligeaneiaBle matkridl $E4bEE Votsgd 0T ce is ¢
applied to the 5 vari abl e vol tage protecti on conponént the spacers 21
w1 act a¥ariahle thiek filmpaste typically comprised of 50% solvent and 50% solids .
' coating, the solid phase of which is coinbrised of 38% by wéight (30% by
volume) 6f condubtoré such as 10 micron alummum, 35 % by weight (3.4 %
by volume) silica coating for the conductors, and 58.5% by weight (66.6% by
15 volume) of reinforced fluoro-silicone polymer whose dielectric breakdown
strength has been modified through the addition of antioxidants and stabilizers
such as specifically sized aluminum oxide.._ The size of the alummum oxide can
range from 0.01 to 5 microns. The voltage variable material can also be a
solid which is laminated to the reinforcing mat. The voltage va_riéble material
20 can also be prepared as disclosed in commonly assigned U.S. Patent
Application Serial No. 08/275,154 filed on 14 July 1994 _ _ _
The variable voltage protection component 1 of the present invention can
be used in a variety of applications. For example, the variable voltage
protection i:omponent 1 can be used with a conductiye grouhd plane 23 to form
25 a variable voltage protection device 25 to be used in an integrated circuit chip
carrier 27 (FIG. 6). The integrated circuit chip carrier 27 contains integrated
circuit chip 29. The conductive input/output pads (not shown) of chip 29 are
typically wire bonded by wires 31 to conductive leads 33 in the chip carrier 27.
The variable voltage protecti_oh component 1 contacts the conductive leads 33 of
30 the chip carrier 27 and the conductive ground plane 23 is typically grounded to



prevent the VWotsas%g%zéari abl e material from being conpressed, Tmﬁsﬁ’ﬁ@ar

preventi ng rts or reductions in the clanp voltage.

the resistance to pressure is inportant during processing at the
curi ng tenperature. The spacers 21 can be any predeterm ned size as
dictated by the characteristics (i.e., the 118 clanp voltage, etc.)
desired for the variable voltage prot ectlon onponent. For exanpl e,

if a1l ml thick_ variable.,voltage t.e |red

he spacers. shouPiF B Set §eAenid iR ght, Rip R L br by PRRL frobl,

t he’ spacgéifit inothe Bhss pﬂﬂ@gé abl e voI tage variabl e prot ect I on
conponents are between 0.2 to 10 mils in width. It is contenplated

that the spacers can B‘bedmleynamespwnondpm 25 icamers aHpartien jof eagheofsihge

and, shabe o " DScaRRBgt s )3 SRR Gl g  porion SL AR YrbRAE.

particles in the

i Il ustratesSthat lehhes\mailaﬂée‘owwhtamdimgasfahe cmp 290wtthrvarés 31. In anotﬁercan be

attached to a conduct,ive ground, pl.an bl e vol t
protection devi c%mhﬁd‘mf‘vﬁb %PP‘XB!C@V%M& é ‘kg é“?eﬁ‘!lpigrﬁ'lﬁ‘e‘hﬁo

attached to the grannd,n C{Eﬁs‘%?y, [
primers, non- con tlré%c@é/n rﬁr%k?gé@%lhgrlgé@ ondi géchgé’gg'iﬁ& ﬂg.éédl tion,
t he vari abl e vol temlactive leads 3% ot ect i on conponent 1 can be attached to the
ground pl ane 23 by pr rolli.n

coating, |aninating, ffgfe’a?%bﬂ‘ilm@f’r'ﬂﬁlvﬁﬂaﬁ P Jﬁr@?ecug&gﬁnﬂpgcaq ﬁ%?ormed
conduct i ve 1gr oungy phER ﬂrﬁ&@ﬂfﬂ@ﬁﬂbfemge ?%&Bﬁ com nent

vari abl e voltage prot eC{)I on conponent 1 can be l'am o the

pl ane 231 on thé@ppropriate] areasooft &g@opduntwetlmn 36canpldhemattabhmgothe he
ground pl ane 23 can u nd conbi.ned in an

extrusi on or n?‘mﬂ"FBYF 5?388?% t e POIEHe ?W@p&’%&d pl ane

23 can be any of Taen/adsmﬁ&ﬁng)ﬂxee&dhawﬂveagrbund plane 23 t6 A'¥sein %:euﬂmﬁxeﬂieadlﬁp
known to one of ord] nary skill in the art such as co per ni ckel

pl at ed copper, bearEier 25 aryanyjather Appprpriate-peint lrh@ecsbm
VO 96/ 0292@383 above. The variable voltage protection device 25 in the chxp carrier 27 allows
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' all of the input/output leads to be in contact with the variable voltage protection

component 1 which is in turn in contact with the conductive ground plane 23,
Therefore, any overvoltage spikes which enter the package through any
inﬁutloutput lead or conductive pad can imrhediately pass through the variable
20 voltage protection component 1 to the conductive ground plane 23. The
variable voltage protection component 1 can be connected to conductive leads
33 by conductive adhesive or other appropriate means. In addition, the variable
voltage protection component can be stamped and heat laminated dxrectly to the
 leadsi in a manner similar to tape automated bondmg '
25 Another apphcauon of the variable voltage protection component 1 of
' the present invention is any of a variety of electrical connectors such as RJ
@i.e., telephone), coaxial, D-Sub (i.e., multiplé pin computer cable connectors),
38999 (i.e., aircraft), ARINC, SCSI (small computer systems intefface),'printed
circuit board input/output connectors, chip socket (pin grid arrays, PLCC), etc.
30 The variable voltage protection component is essentiaily the same in all of the
' electrical connectors except for the shape such as rectangular for D-Sub or



-11- - pl ane 23 can be flexible (such as a foil) so that it can
conf or wia gs/020222gul ar servi ces. I N yetrusssnkhar
enbodi ment, the conductive ground plane 23 is preferably
conpressible. Wth the conpressi bl e conductive ground plane 23, the

variable 5 vol tage protection device 25 can be placed or conpressed
between an el ectri cal ' | ead angqa netal |ead, such as an outer cover ,
of .a connector w thout changing t he thickness of the variable

vol t age peipbdart forB89ogReMsERord. 3N dadhtGnnEteY ey &é%i%n will be tfe@iiesinand
ensuring reliable electrical characteristics and c|anp voltage. The

conpr essi Hiak there will b apyariable voltags Pretaction companentinelegtricalt eri al s such as
10 - con Y2 rl GadlBLEL Y L] , cured
conduct i v:gbm%ﬁwgéﬂ?@c%g% r u@gg’g{ o%gﬁ%%&t?i{dveé p§ :léréﬁ@gag‘?@xpr ef erably,

t he conpr groundlor apcondoctor that goes wl system ground @ncinothey surfagest oner or

condycti ve, rubber.. Th ressi bl L nducti ve ground pl ane can be

eit hgr el ¢BETEfQrE, P! Yéﬁﬁﬁ%%@‘%&“’ﬁ* pe gsqcpggégoroq'ljlustranve PUTpOSEs:t rj cal | y

conductive onl ' - il ~héhe 11NEar e smari abl e 15
hélvabhsie %@éﬁwbmch@ggﬁ&t 1h€anv§§ a@ae‘gw

mat eri al . n er e I ment, the conductive ground pl ane
23 has a canductiesground plane 23otosformeneariable woltdgesprotection denvi¢ea2®tso t hat t he

sur f aces. B St B B SlechrR Sonnetr 35 @16, 78" Bra R disdhcal conneclarage ¢
| east one3s§deshpRsedlsf insifatify hdiingt SENSARS Y GhitHe DnAsdisr géﬁihm? yo !l 20

adhere . to and nmaintain electrical contact with an electri onponent
surflce. for receivingra-mating connecios, suchdasiaelephenesjack.iThe insulatingyui ck st i cky

capabilit NeNA bt | . [ ed into place. 1 FIGS. 4
ana s 1 || BRUREEY bishhes gvarigblsNoBRER FroeEBnRe Vi slos 01 ppsprciing o -
spacer s 2theORiriable voliagé: SViRRC2S. S I theovalriablé Vutfap® protédtiont Op surface
17 25 and bottom_~‘s§Er ace 19 as di scussed above to . or?m ar gi nf or ci ng

| ayer of dedee glgt 41 is a pluralifyofislectrical laads 43¢| Theykariable veltagermterial 5 fills
bet ween & Proteeioh UEie 7303s placed in WiPAfEbTe vt OGBS RE UOLELD PO "
i n e sawithvwhy variable veltagesprotsction conipement lecontdeting the electricalaleadsst acked on
top of ong, anol erd ik 49 o eedGichC bonneitsr Busing 95 i insoried in-seceiving
slot 49 and pushed forward until housing cover 51 is located over the variable
voltage pmtecﬁon device 25 and guide 53 is fully mserted in guide slot 55.
The housing cover 51 can be biased in toward conductive ground plane 23 so
20  that good electrical contact is made. Preferably, conductive ground plane 23 is-
compressible to prevent pressure being transmitted to the overvoltage protection

~ component 1, thus preventing shorts or variations in the clamp voltage. Any
overvoltage spikes which enter the electrical connector 35 through any of the
leads 43 can immediately pass through the variable voltage protection
25 component 1 to the conductive ground plane 23, then to the connector housing
45 through housing cover 51 to be shunted off to grdund';
| In another application, .t'he variable voltage protection component 1 can
be used as webbing, tape, a label, or a film (FIG. 8) which can be custom cut |
.to desired lengths for app_l'yiri'g' to uneven _and irregular surfaces, such as on
30  printed circuit boards. The variable voltage protection device comprised of the
variable voltage protedtion component 1 and conductive ground plane 23 can be



30~ thickn e spacers 21 can be of any desired shape d
%%rozﬂ} g‘ﬁ&’ﬁ%ﬁ’ﬁ%r

stacked Inas many |ayers as desired to formthe reinf

6/ 02922 .
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The voltage variable material 5 used in accordance W|th the pr esent
i nvention can be any voltage variable materi known in the art, for

exanpl e ' 406 ; 4 _
examLe o SR AP E S Y AR TR e

i ncor por at ed her gbRageyprofctios eomponént 1 oveglags E:U sumbdreofvexipbsedicprithed aiabwit

mat eri al conprises a binder and cl osely space - conductive particles

homogeneously di laads Gi¢ o ground @3, such af adwize, s‘iﬂﬂéﬂ%ﬂ“[ecﬁpox}'a soldery etgy ide
| ect I d I
i ol osed i n U, scoiied o e yésgieg' ol Reallntt Blipi cheflh todfi 1o the

accordance Wi t h comdystiee gmumdrplmu 23)throﬁgh any of the openiage 63lih the &dhesive tapet he

't b | b abl e thick. fil
past o ypi cai Iy SOmpRIeGReninE b eaetiey DR iona A eiAS ot ichn O enerolmséc iy

the solid phase Qﬁy%ﬂfé‘pﬁﬁe&%ﬁ@ﬁt‘t?&ﬁs% ffiffelidtel gﬂs'Satth&%

ana?l
vol une) of conductors such as 10 m cron al um num % by wel g 3.4 %

by vol ume) sili carobmpm@cnon wmmdmmewn@wvsamwzgnheqm 6% by

15 vol ume) of rein ed flu con ectric

br eakdown y ﬂ R %%"‘gegrh T 518 W‘HWSE}?? g RTgpction
ant i oxi dantj® andcﬁin?bﬁéﬂt adhéres itself to ﬂ&tp‘dht&ﬁcﬁ&ﬁpbédr@asd maﬁadﬁﬁvaltaﬁs spm
oxi de. The size of the al um num oxi de can range from0.01 to 5

mcrons. The vol F@@bemlﬂed)l e material can also be a solid which is_

laninated to the rei nbgeqiBniRoitadd Prot@ldoR LomBhbdtYafi ¥ iheB' standard
: | packagmg components such as small outline, single-in-line packages, and dual-
| in-line packages for
15  use in printed circuit boards. A small outline package 67 (FIG. 9) is
illustrative of each of the packaging styles. The small outline package 67 is
comprised of multiple pins 69 with the variable voltage protection component 1

-

connecting each of the pins. A common conductive 'grOund plane 23 contacts
' the variable voltage protection component 1. A ground pin 71 is connected to
20 conductive ground plane 23 by connection 73. Standard connecting_ techniques
such as wire bonding, soldeﬁng, or conductive epoxy: can be used for
connection 73. To protect the device a protective covering such as epoxy or
standard molding compound can be used to mold around the device to seal the
_pm-vanable voltage protection component-conducuve ground plane interfaces to
25 protect the device. '
The small outline package 67 is attached in parallel to a printed circuit
~on a printed circuit boards to provide overvoltage protection to the circuit. In
the absence of an overvoltage situation, the small outline package 67 sits
passively, not affecting the printed circuit. However, if an overvoltage is
30 present the variable voltage protection component 1 conducts the spike to the
system ground thrbugh the conductive ground plane 23 and ground pin 71.



20 can al so be prepared as disclosed in commonly assigned U.S. Patent
Appl i calypQppsyaki al No. 08/275,154 filed on 14 July 1994. The
variabl e voltage protection conponent 1 of the present inveﬁslgts)"r%%g%m
be used in a variety of applications. For exanple, the variable voltage
protection conmponent 1 can be used with a conductive ground plane 23 to
form 25 a vari abl e vol tage protectlﬁp device 25 to be used in an
integrated circuit chip carrier 27 (FIG 6). The integrated ci reuit
chip carrier 27 egﬁp§ ﬁEﬁEé’@ similar to e §f conductive
i nput / out put paég not s ? 8 mﬁlé tﬁé EﬁrH!ltouﬁpi B’a%&fgl y@F\;\n re bonded -

by wires 3but oambmdny:‘sﬁan@rﬂepadmgﬁig compdnem:im discussed aabovE? The device The L
varl abl e valt.a r.ot 0 cont act conductive | eads 33 of
t he gh‘ %E'QBPF oélf‘“ﬁﬂ’ge gﬁ’é‘t i"@hﬁ tqn\félegﬁ‘ WQ&B device and; s typical ly

gr ounded t 84979 £
2T/ USos/ Og%usl%ple grovifd 84972 épposite of the input leads 70. Variable voltage 13-

one o5 sevpmbctm}mmtgnwhdennﬂmtme lnputdeadaﬂﬂlterthézgmnddegdsdlzheA
appropriate

. Th bl
vol tage pr 8{’%‘8{‘1“0??"@8%‘&8 !?EF 3861&,5%9‘5% VGF"“‘&& Ypltage Ierﬁgﬁctloe variabl e
conducti ve cbﬂxﬁgﬁer@ii Ofss tohih ﬁi&ldévié%rshb@h lﬁ_FIGeQ‘VmQQeﬁc@ggt fibeof each

<

conductive lead 33 available for wire bonding of the chip 29 with -
W res 31. r:nvembméra protective eopexingrsuch, astdpoxy onstaodardanoldings 33 can be wire
bonded to the ch| 29 and the variabl e voltage protection device 25
isalidth rs chip 29 and the conductive | eads 33.

I'n ong errbodl rrenthe deRfte\6¥ isataghedOot2HintBd Rirewit hpgardﬁalitﬁesﬁﬁe abehd O ed ¥

on the chip carrier 27 by first placing the variable voltage protection
conponent small outline package-67 discussed ab@/earhh@e@bsqmeoéanmymomgd eads 33 and

then attac h]tua%o h?he device 68 sits passwely However, if an overvoltage is present n

any of the input leads 70 the variable voltage protection component 1 conducts
the spxke to the common ground plane 23 then to the system ground from the
15 common ground plane 23 through any or all of the ground leads 72.
| As illustrated in FIG. 10, any of the packaged components can be
produced in a discrete, semi-automated or fully automated assembly process
using a discrete lead frame (typically about 7 inches in length with 40 lead sets
or die pads) or a continuous reel lead frame 75. The Iead frame acts as a
20 conductive substrate. In one embodiment, the lead frame 75 has feed rails 77
with guide holes 79 for aligning and feedmg the lead frame through the
manufacturing process. . Other aligning and feedmg means, as are known by
. one of ordinary skill in the art, can be used such as stattonary gmde ralls
abutting the side of the feed rails 77 and friction wheels pulling or pushmg the
25  lead frames through the process.

In one embodxment the variable voltage protectton component 1 is
deposited on the lead frame 75. A thin insulating primer can be applied tothe
lead frame to help the variable voltage protectlon component adhere to the lead
frame, or the variable voltage protection component can be ‘bonded to the lead

30 frame by lamination, conductive adhesives, conductive epoxy, pressure, _
temperature, spraying, rolling, spin coating, molding, extruding, etc. Then the -



conducti ve rRBYonane 23 to the variable voltage protection ci;gé%g; :
Then connecting the conductive ground plane 23 to a system groun mgﬁt)#fg}

chip carrier 27 or any other appropriate point in the chip package,
as discussed 15 above. The variable voltage protection device 25 in the
chip carrier 27 allows al | of the input/output |eads to be in
contact with the variable voltage protection © conponent 1 which is
in turn in contagy

A3 : AAGabie- her ef or e,
any_overvol t age spf‘%%lb\?\%? g%tﬁpeﬂgg% E% Esgat%g:g%gg)e&tbhr ouglﬁ vg%t?ge P rotectioh
i nput / out put | eacomponentducEacteofrthe greund pims Jilds ¢hien attacked tor the gonductive

vari abl e 20 vol t age -pro tion col e 1 to the conducgtive ground
bl ane 25, The " Brou pEne 380y PANGAGE T oF e PRERE deHisH tEn tie,Soul fRaas are
connected t0 CONGYE hitihel 36 e ground pland 23DYAREHPALKhgINE, SR tHE 160 seisher
appropriate neans. In addition, the variable vol tage protection

conmponent c#&n be ase dicpd wubiafithedlgad frameri for formiogtintp the standard packages| eads

in a manner simlar t ape. alt \ndi ng.. 25 . t .
application of tH@uMﬂP@cﬁlfﬁs& gﬂ&ﬁ‘?‘gmﬁoﬂﬁ’ﬁf“ ip ﬁg ﬂﬁm elglPthe
present inventi onedds peP Yeadf sef 8Y Ahdvidviér Othe 2RICHriime 2hn GAV&HI MirfibérUsiiesired)
(i.e., telephone), coaxial, D-Sub (i.e., nmultiple pin conputer cable
connectors), leads. 33999 (i.e., aircraft), AR'NC, SCSI. (small conputer
systens interface), pni i ' js L CORRect or s,
c%i p socket (pin )gri 8I%?%%d}l&mgﬁt&)tl}ﬁet{l%%ﬁﬁﬂ?&%ﬁéﬂ%%ﬁ% g%eoﬁ @g@ﬁhg
protection Ipnporedér, sacheassthetvasiable voltage protedtion Tompoheritiiecan be applied to the

el ectrical connectors except for the shape such as r?ct ngular for D-Sub or =
VIO 96/ 02922 ~conductive ground plane 23 and die stamped-out before being attached to the

PCT/ US95/ 08683 : : : _ s
circular for 389 ?dc%erﬁs ngogtdé? gad ﬁ)ns 1éac t'hce o%or?gg?g’re %rﬁgn%glgfla %3v°\ﬂ’ lbegcénﬁ%ed
same in to the ground pin 71 after the lead sets have been diced from the lead frame 75.

In another embodinient, the method of making the packaged devices can

15 be a fully automated process, such as a spraying, roiling, laminating, or

extruding process, in which the lead frames are continuous with multiple lead
frame pins 69 pefpendiéular o the feed rails 77 and the variable voltage
prdtection compénent 1 is applied to the lead frames. For example, the
g variable voltage protection component 1 and conductive ground plane 23 can be
20 in continuous tapes that are laminated to the continuous lead frames. Then the
- assembled components can be divided into a predetermined number of leads.
For the device illustrated in FIG. 9, one lead can be selected as the ground pin
and connected to the conductive ground plane. ' _ '
In other embodiments, the lead frame 75 can be a conductive substrate
25 - having a predetermined pat_tem matching the leads on a printed circuit board or
the conductive substrate can be a continuous sheet that is photo-etched to form
a predetenﬁined pattern to match the leads on a printed circuit board or an
integrated circuit. Then the photo-etched areas are filled with voltage variable
material. _
30 FIG. 11 shows another application of the present invention, wherein the
variable voltage protection device 25 can be used in tape form on an integrated



that there will be a variable voltage protection conponent in electrical
comunwaade/oemeni th a connector pin on one surface, and ipegEBs 383vmth a
ground or a conductor that goes to system ground on another surface.

Therefore, only the RJ connector will be described for illustrative - ?
pur poses. The variable voltage protection conponent 1 can be
used with ' conductive ground phgne 23 to forma variable voltage
protection device 25 to be used in an RJ electrical connector 35 ,
(FIG 7). cfmltlahlpleaatframa83cannantegraued c1rcu1tcl3§leaﬂ feafi®hased of insulating
housi ng 37 ha |ng g connector openi ng, for. receiving a

mat i ng codﬂ 1 féﬂ@h ected9drintegrated CIWR!t ?'HBGPaﬁﬂidrfgf housi ng
37 al so h r\thEﬁ'&ﬁ ngde&t‘h ﬂ,’eéﬂ gn&l\xﬁ':[ % r e| vi ng

the vari ab e VO age rotection device e variable

prot ect i onn FIG. 12, thbevamlsmitagépromcmrpdemw 25, woufprsirgctaﬁabw I eads 43.
The v, rlabl vol t tlo device 25.is aced the vari abl e
vol t aje priotiaes P{ﬂ?&gw c@é“‘?ﬂﬁ'?t fl ‘i UCHy$ Broup Wlé@l‘%ﬁ‘@ age

Pr Ot eCt i OMcEREHRY Bliirality GF6aS E5NITHA Roald 85 afd éu’ﬂneét@&l% the chi Forwar d

end 47 of electrical connector housing 45 is inserted in re%el vi‘ng .
sl ot 49 arwirga3he Eath stripr of mndncumgmun@pweés ) h&satlaohmtbch systamt he

vari abl e cti.on nd d 53|s Iy

I nserted |qo'é’lﬂ HQX@%%& %xrcm?cq:ﬂgqugﬁanﬁg@ lased in-
t owar d corumeiuboangbpﬂmhp)éaﬁ@ madsie. 20 t hat good eI ectr| cal contact is
.made, Preferably, conductive ground plane 23 is corrpreSS| ble to

previht pr essur imgnt utilizing th%@‘?ﬂé@&fﬁ%éhmm

o {
overvol 1 ads: the'Waridic Vfiee ltoRoliid Softponkht b4} b Boped doriy thé @S%S'ht any of
et on e raie PAG gramnd DO h hcobotiama o6 e intgslod StoulpeNp el VO 1292 ¢ e
gonnect or r}mﬁﬁéﬁfgp% n‘hBS !‘FES& WMstmbawm ed off to
ground.  when the mtegrated &rﬂ%ﬂ?ﬁﬂ&ﬂ%&@ﬁ 'xQﬂttachE%td/i“'piﬁ ivalkt age

protection conponent 1 can be used as we tape, a Iabel or a
filMXFl Gb@d ohnuﬂtlplanhipemoddeorlndhls way, when (meofdeadseﬂj éxperjerdces f or

ggglrélsng to vgﬁ*kgn%{’%%g I a(g{a%gr uch as ng‘ng’ gfthgrﬁgﬂeed circuit _
\égr i abl e u@demlgemmghqné lvaﬂamemnnigempmiecuaﬂ csnpdmt to/ thecdie'pad pl ane 23 can
ground 109 to protect chip 29 Optlonally, ground plane 23 can be added for '
better performance by the vanable voltage protectlon device. Wlth the ground
20 plane 23 attached, when one of leads 85 experiences a voltage spike, the
variable voltage protectlon component 1 conducts the spxke to ground plane 23
then to the die pad ground 109. |
 Inyet another embodxment utlhzmg an mtegrated circuit chip lead frame

wire bonded by wires 31 to chlp 29, the variable voltage protectlon component
25 can be applied between the leads 85 and die pad ground 109 (FIG.18). The die
pad ground 109 is connected to system ground when the integrated circuit chip
lead frame is attached to a 'printed circuit board or 'multiple chips module.
When any of the lmds 85 experiences a 'vol'tage spike, the variable voltage
protection component 1 conducts the spike to the system ground through d1e
30 pad ground 109.
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adhered to a printed circuit board 57 with adhesive tape -59. The variable
vol t age protecti on conponent 1 overlays any nunber of exposed printed
circuit | eads 61. A ground 63, such aggya wire, conductive epoxy,

sol der, etc. is connected from a de5|§nat ed ground | ead on the
printed circuit board ls 23t

t he.openings 65 in theAgd%ey ver ?ce%mqfeb%@ %ﬁlﬂiﬂwﬂxﬁgﬁGn:ﬁ ?m an A so be
one continuous slcomprides amemposueagfevmableevoltage protectxonannynmhenthb sgdwiched

circuit |eads ca | nmedi at el y ass t hr h t riabl e vol ta
prot ection conporhehveen to ¢ ‘W’cﬁf@?‘i“g?ﬂg gfm‘“@l two-oufer cqqqlgﬁmgelayers%s
shunted of f to gregy Sskface'médtingthe ﬁEﬁ@E‘B‘TE“Fhe laliérs R itheébd

Be
protection 10 conponent adhéres itself to the printed clrcuit board, so
that adhesi e t apssentbled using adamirating MMg process A protecuvermunglofapoxy

vol t age protectiaon ndar ack
conponents such e@ng’ﬁﬁpﬁﬁ‘ﬂh"ﬁ@s%& :“ g?}f) %a egmte&hﬁ‘ed@%ﬁbﬁ

i n-11ne packages JMgé.ﬁmtecﬂéﬁQ;ohﬂmﬁémrlt ed ci rcw t boards. A small outline
package 67 (FI G lustrative of each of the packaging

styles. The sl | out |Inrﬂq;alékagpewmbl%voltagepmtemmdm&%:slmmat@mtcpans -

T T R e

vari abl e voig age dbiﬁp*oﬂeﬁtl iz zpplte@ueaf afound the signal 1eads 931 Layez90fdmteithei 0 20
conductive ground, ane 23 connection 73. Standard connectl ng t echni ques

such as wire bond ti’él" gfotasemmdmceaéwdmabmg@ make up _
connection 73. th hgh‘ fcﬂﬁ usgaéto mﬁ%g‘g’&ﬁ?‘wﬂl%@ ezpoxy or

standard nol di ng co can e device seal the

pi n-vari abl e vol tsggaempgmumd‘.t Iba srgnableaénxpermndem overgoltage ditpation; the

interfaces to 25 ct the devi ce.
D vanaglre voltage protection component 1 conducts the spike to the conductive

15 ground plane 23 which shunts it off to the system ‘ground.

In another embodiment, the variable voltage protecnon component 1 can
be utilized in a printed circuit board 91 using the vias or through-holes 111 in
the printed circuit board (FIG. 17). The vias 111 can be lined With_ _variable
voltage protection componént 1 that contacts a ground plane 23, and the signal

20 leads 93 in the printed circuit board. It is important that the ground plane 23
terminates at the variable voltége protection component 1. It is also important
that the signal leads 93 extend through the variable voltage protection
component 1 to contact a layer of conductive material 113, such as solder, '
which overlays the variable voltage protection component 1. In this way, when

25 a pin (not shown) is inserted in via 111 the pin is in electrical communication
with signal lead 93. If signal lead 93 experiences an overvoltage situation, the
varizable voltage protection component 1 conducts the spike to ground plane 23
which shunts the spike off to system ground.

FIG. 15 shows a device 97 utilizing the variable voltage protection

30 component 1 to contact a predetermined pattern of signal leads 99 and ground
leads 101. A conductive strip 103 has a pattern of conductive bumps 105,



>
A

The smal | outline package 67 is attached in parallel to a printed circuit

on a pwovemdexei rcuit boards to provide overvoltage prot q@-ﬁ,@ggsfogssghe
circuit. In t he absence of an overvoltage situation, the small
outline package 67 sits passi vely, not affecting the printed
circuit. However, if an overvoltage is 30 present the variable voltage
protection conponent 1 conducts thepgpike to the system ground

t hrough the conductive ground plane 23 and ground pin.71.

96/ 02923yhich are etched, stamped or machined to match a predetermined pattern of
PCT/ US95/ 08683

Fi gur e ®xounthleads, 19by The vagiablewaltage pwtmenmmn@mll isrnlagedc kage 67

but canﬂé@w Ogﬂﬁl@tﬁ frﬁﬁgl'(ﬁ ?@Wt@ﬁe qﬂ above. The device

68 i s conprise e I nput on one s t he device and
nul ti pl ecopductivé Bunrpss1 052 Apllaym 109 @ﬁcdxhactivmuhtehﬂadacWQs oéfﬁiubﬁ&& e vol tage

5 protectlon ne 1 cqQnnecgts the in ds 70 t'o the ground | eads
72.5 A €poxy 066%&%558 Y€y dS 5?@@9&0;51‘%1 dl'SnYR)ﬁ 'BE’E § 03 aed vari abl e

vol t age c&w 1 \ in FIG9,

t he device IQQ%grotecnon ereglél \%{‘ﬁ&g\l%gg’t ectlve C t'ré?ir)\gwsuch as
epoxy ors:gnahﬂﬂds @9rantiground leads 10k 0 Wiennahe dfithe signal leads 99he device 68 is
attached _to.a r|nted c rcuit.. ar al l.el he sane.as the. smal |
outline mﬁfﬁ’g’s 39 ?Pl?l’@ tage DIRIECtion COMPERANL \ o) t age

situati %ndﬁ&?ﬂ@ﬁﬁnﬁ@t&ﬁe%hﬁu&i%%hﬁ?hm i iRy splké ision@i&ed ol tage is
pr esent any of the input l'eads 70 the variabl e voltage protecti on

%oneﬂh@gbdh@m 107 of CODQWGVS ma@d@mmgﬂﬂbndnpl ane 23 the
Ent]et ﬁgsgaﬁg‘ﬁ%é?:fg%ﬁgbgffttﬂe dev1ce 97 2R n'ﬁ{tedJ Blleavrérmglgé r ough any or- a l
protection component 1 can be adhered directly to the leads.
The foregoing has described the principles, preferred embodiments and
modes of operation of the 'present' invention. However, the invention should
15 not be construed as being limited to the particular embodiments discussed.
Thus, the above-descnbed 'embodiments should be regarded as ﬂlustratwe rather
than restrictive, and it should be apprecxated that vanatlons may be made in
those embodlments by workers skilled in the art w1thout departing from the
scope of the present mvennon as defined by the followmg claims.



As |Ilustrat<wlopg)oj§hﬁ 10, any of the pac .mmrmﬂ an bermws
produced in a discrete, sem-autonated orlmlm HE Ilassenblﬁlugsrlgsggsss

usipg a discrete lead frame (typically abodt ¥ ihches in"length with 40

| ead sets or die pads) or a continuous reel | ead frame 75. The | ead
frame acts as a 20 conducti.ve substrate,iln one enbodi nent, the |ead
frame 75 has feed rails 77 w th gui &e hol es 79 for aligning and
feeding the | eagy AT CHAIVED tTée manuf act uri ng process. O her
ali.gning and fe€edl ng neans, as are known by one of ordinary skill

in the art, can be used such as stationary guide rails : abutting the

side of the feed rails 77 riction.wheels or t he 25

| ead frames thr gugh {\hgarbarb ecgglgage protection compo en* h’rdﬂﬁwg’r?ggﬁ%ﬁ@g? 2 the

vari abl e vol tage progfsiindGhdEeledtfiiic dirduit comprising:deposi ted on the | ead
frame 75. A thin insulating prinmer can be applled o the _ | ead frame

to hel p the vari abl eawsltaggsarighle materish anshe¢hamstarized®¥re to the | ead

| cad 30" Strane by PARHRAFRG AR F SusRRERY Shueill sRBRT SEbelayn°

pressure, t enper athe Garidbly FOtase matetiall Ng, sSpin coating, nol di ng,
extruding, etc. Then the WO 96/ 02922 :
PCT/ US95/ 08683 -17-

Comaron "+ 580 & A 6o ol A
conponen a o] e n C uctive
ground pl ane 23 by C%‘iﬂﬁﬁé,h? coﬂphsé%fibﬂ:ﬁ%tce 68, the ground | eads
are not attached t he ground pl ane 23. After packagi ng, each of

the | ead sets 81 5 are diced out of the lead frane 75 for formng into

Lhe otandard _Pagkageame varigpe Volidgd bithahoh bompGhem b Cidint  wildhéin' 8¢ 1 2 '

75 shown in FI _
10 reinforcing layer comprises non-woven pieces of insulating material.

4. The variable voltage protection component of Claim 3 wherein the non-
woven pieces of insulating material comprise uniformly sized balls.

5.  The variable voitage protectiqn.component of Claim 1 wherein the
' reinforcing layer comprises an insulating material in the form of a
15 porous synthetic resin polyiner tape or in the form of fibers or pieces of
polypropylene, glass, aromatic pblyamide, polyester, thermoplastic
polymér, thermosetting polyiner, €poxy, Or ceramic.

_ 6. The variable voltage protection component of Claim 1 -wherein the
! voltage variable material further comprises insulating spacers to provide
20 precise thickness dimensions for the variable voltage protection

" component.

7. A variable voltage pfonection component for placement between a
j | ground and an electronic circuit comprising:
a reinforcing layer having a substantially constant thickness comprising:



descri bed can be done in differing 10 ® @rder, such as the varia

vol t age protection conponent 1 can be applied to the conductive '
ground pl ane 23 and di e stanped-out before being attached to the

| ead sets (or die pads) 81. O the copductive ground plane 23 can be
connect ed to the ground pin 71 after the |lead sets have been diced

fromthe | ead frane a/plurality of pieces of insulhting ifdtdifil, Qi PRIrARY tof gidkes et hod of
maki ng the packagepl devi ces can 15 be a fully autonated” process, such as’

a spraying, roldefinig 3 pharality iof yoidstherebetween;candrabarasterizedbyss, in which the .
| ead franmes ar LN { Lh L.ol.e.lead . . . rame pips 69

per pendi cul ar f‘a 0‘9@%&%@ F%%%&@ﬂ?ﬂ%f@%ﬁeggprg%f ﬁrg%“dohﬁmg
protection conphephiralityicf vaidsl i ed to the | ead franes. For exanple, the

vari abl e vol tage protection conponent 1 and conductive ground plane 23 can
be 20 in continuous tapes that are lam nated to the continuous | ead

framas. Then t var . O S €CA: iyided into a-
pr etrzlr?t er m@r?led %r?bvearmgk &e}%gg .EB‘P&Q&O% %ﬁ‘g{‘ﬁi‘éﬁg@%‘%@%ﬁ‘ %&\gat edin FIG
9, one | ead caneinforsitigelayercconsprisbea Jibsouscmad. N "~ and connected to the

conductive ground pl ane. I n ot her enbodi nents, the | ead
frame 75 can be a conductive substrate 25 having a predeterm ned pattern

‘mat chi ng e | ' | &qﬂ&gﬁtq? ¥ ai . conductive
subst r at ebgan glgg:vag%lﬁ%i %iggéﬁgtgéé{(ﬁﬁa I's'p f;@;lggnéﬂcwléecfeirg orm a
predet er mi ned peinfercingt layersdonipriste nbeadwvew piesepof insaldting hatérial boar d or an.
integrated circuit. Then the photo-etched areas are filled with vol tage

| eads per | ead set 81, howeve -can have any nunber of '
desi r eawo 96/02922| eads.. ““I"”ﬂl" mnj"lmﬁmt enpl at ed tﬁ@mggmsﬁaeps j ust
e

vari abl e material. 30 FIG 11 shows anot her application of
the presenp i Nv{Aaty WNHiab son ' éﬁhﬁ V. eqprotection
devi ce ZSQE:)én \tglgﬂu‘?g%b}en tagée%ﬁ)t?%ogncog?%’;@%fra e _9%&@9, mg\ﬂ% 6/ 02922

PCT/10595/ 08683 woven pieces of insulating material comprise uniformly sized balls.

11.  The variable voltage protection component of Claim 7 wherein the
reinforcing layer comprises an insulating material in the form of a
porous synthetic resin polymer tape or in the form of fibers or pieces of

| polypropylene, glass, aromatic polyainide, polyester, thérmoplastic
15 polymer, thermosetting poly;r_xer, €poxy, or ceramic. .

12.  The variable voltage prdtection component of Claim 7 wherein the
voltage variable material further comprisés insulating spacers to provide
precise thickness dimensions for the variable voltage protection

' componeni. | o

20 13. A variable voltaige protection device for placement between a grouhd
| and an electronic circuit comprising: |
a variable voltage protection component; and
a ground plane c'ontéctihg the variable voltage protection component; -
~ characterized by the ground plane being a cdmpressible conductive
25 material. '



frlgme has a wébl%/ﬁébiz%l ﬁ?éf’l L;agf-f gggjgﬂ'ﬂlﬁ“lﬂ]lﬁﬁlmﬂml]c: :lfglgr af&g‘%’i‘gﬁd

cirguit chip 29 and for _ connecting t'o & pPinted circuit board or
multiple chip nodule. As can be seen in FIG 12, the variable
vol tage protection device 25, conprising vaisJ abI e 5 vol tage protection
conponent 1 and conductive ground pl ane 23 s "taped" across the
plurality of |legds 8

wires 31. Each sgrl p%o Uéglnguctlvgégr oun aneeog ‘g‘é‘rhri ng%ﬁed to a
system groun dondpeessibleeconduelgvagmdmt iplane icomphises 4 emﬂui:ﬁ%’rpolﬁﬁlen&
attached to a printed - circuit board or multiple chip nodule. 10

I'n anot her embodi mentnaiesial; 7 ng .the integrated circuit chip |l ead frame
83, the variable voltage protection conmponent can_ be applied across the
| eads 85 and di e pad ground 109 on the bottom of the int egr at ed
circuit chip |edd. The variabbnmlﬁge ()théétlohﬁjevxcﬂtﬁ' Clai pacvigteininbe 109 is

connect ed to system groun ntegrated circuit chip | ead
e 851 8 att ached SoBPEssble:conueta Broind plane Shiprioescs consietiys Saiamer
nmodul e. I'n this way, jphehqfiie Hibbegads 85 experiences a voltage

spi ke, the variable voItage protecti on conponent 1 conducts the spike
| aterally through the variable voltage protection conponent to the die pad

ground 109 to prgtec tiona un | ane 23 can be added for
better perfornmatfe b hﬁ@éﬁ‘éﬁ’ﬁ??&‘?‘éﬁ’@%ﬂ ég't(ﬁ&mgé\wl@éemmh the
ground 20 pl ane 23,a4 ,Esgﬁg éﬂ.lﬁqg§ RaSPBR" t age
spi ke, the varql abl e ?gftage protecti o congonent 1d°§§ﬁ%§c%s %

spi ke to ground pl ansuéiSthat the conductive gmundlplaﬂeealpaohfgnnuodnd(iann

In yet anqther enbodi pent utilizing an integrated gircuit | ead frame
wi re bonded by wires ‘B‘TEH'P ctzgﬂhm%glﬁagr .- g? ‘I“Biegction

conponent 25 can Q@r@?&kiogd bet ween the | eads 85 and d| e pad ground 109
(FIG 18). The die ground 109 is connected to system ground when
the integrated circuit chlp | ead frame is attached to a printed

t board or,mil d _the |'eads 85
expor | ences. a vt agdEgRable TSRS Frftion fvie i Gl 13 where e °°°

conductive elastomer or conductive rubber comprises at least one

compliant surface such that the conductive ground plane can conform to
15 and form electrical contact with irregular surfaces when placed under

compression.

18.  The variable voltage protection devicé of Claim 14 wherein the
conductive polymeric material comprises an adhesive surface whereby
the conductive ground plane will adhere to and maintain electrical

20 contact with an electrical component surface.

19.  The variable voltage protection device of Claim 15 wherein the
conductive elastomer or conductive. rubber comprises an adhesive
surface whereby the conductive ground plane will adhere to and
maintain electrical contact with an electrical component surface.



g(r)ot ec‘twiac;r;g;;zrrﬁgnigg' 1 condu%ﬂmmaﬂﬁl“ﬂﬂmmnre systeml?éT%angosIm;g;ough die
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A discrete surface nount device 87 is shown in FIG 13. The device 87
conprises a conposite of variable voltage protection conmponent 1 sandw ched
bet ween two conductive ground pl anesp4£3, and two outer conductive |ayers 89.
for surface nmounting the device 87. The |layers of the conposite can be 5
assenbl eqdousi rtheavdriablenvdliage pestectivat devirepufcClais .13 Aufthert edthprising oat i ng of
epoxy can be applied (such as b ) to the_device 87 to

> pai ntin
protect the vénieentdcal connectonhaving,at 154%9%??33@“%&%8% further

In FIG 14, the, ' t . ' | | Lated into a
pri nt od of rcuittESEier R By (8 Aiag valitil palbrsf (hhcipdiy i affBT P, 0
protection 10 one lesihamheaid cdmpressible! dondudtiveqgromidplade beimgihgnal | eads 93.
Layers 95 on-either -, side of the variable voltage protection device
25 #@nd si gnal electideal gommmpicatign with said gropndn i nted circuit board. The
conductive ground plane 23 is attached to a . systemground. If a
signal | ead experiences an overvoltage situation, -the “variable

vol t age P10t ecA mmsthedbforansking 4 vaciable ctodtagd proteution deviceheomprising:t i ve 15

ground plane 23 which shynts it off to the system.ground. . In -

anot her enbodiRFRWAINg 3 ¥ana ?XQ@C\HPFSB@E‘%@&SFY}&@JHH@%F% 1 can .

be utilized i i« o | .using the vias or through-holes
Nager Rt sﬁb%tgmgﬁ%ﬁﬂﬂﬁi&ng&( g g

111 in e printe oar FIG 17). The vias 111 can be
I-i ned with varprebiding a conductive bubstretepand ect i on conponent 1 that contacts ‘1
ground plane 23, and the, s s 93.i.n the printed circuit _

' .20 . le
boal¥. It is iq§pg$1pgg,pnt%lpgr?cﬁgu§; mga%?tgﬁ Yarjable voltage protection

material containing the reinforcing layer.

]

22.  The method of Claim 21 wherein the variable voltége protection material
is applied to the conductive substrate by spra'y, roller or spin coating, by
lamination or by extrusion. '

15 23. A method for making a variable voltage prdtection device comprising:
providing a conductive substrate having a reinforcing layer of
substantially constant thickness on a surface of the substrate; and
unpregnatmg in the reinforcing layer a variable voltage protection
material. '

20  24. The method of Claim 23 wherein the variable voltage protection material
is applied to the conductive substrate by spray, roller or spin coating, by

lamination or by extrusion.



termnates ayoloB@agsar i abl e vol tage pro ) | 1. 't pegRbSkess

i nport ant ~ that the signal Ieadummmmmmﬁmgh t he vari a%. e
vol tage protection conponent 1 fo tontact & | Ayer of conductive
material 113, such as sol der, whi ch overlays the variable voltage

protection conponent 1. In this way, V\/nen_cé? a pin (not shown) is
inserted in via 111 the pinis in electri conmuni cati on wth

signal |ead 93,4 f sj i : i ion, the
vari abl e vol tagzg' pr ﬁ%@ﬁ@@%@%ﬁ%@%@%@‘ e.°§§i|°§<'§gt%8mé’r“§lﬁ}§d pl ane
237 . whi ch shyrovidingea cgihpressible conduryise grougd plae; FI G

15 shows a device 97 utilizing the variable voltage protection 30
conponent 1 to cont PEeVidingrawariable,voltage proteetion wateEaly38d | eads 99 and

d | ead : [ j : ' .
ggggﬂc five burrpsei Ogleﬁgﬁtmfﬂﬁ%%b\}é)?tgg% glé&echgﬁ hitsridl Jhthk SothpBlssible
PCT/ US95/ 38683 conductive ground plane. - 20-

whi ch are etched, stanped or machined to match a predeterm ned pattern of
ground | eads 101. The variable voltage protection conponent 1 is placed

bet ween the congucti i Oy ?&e(ﬁ{ '
conducti ve burrplag' 105. ﬁ%é&ap}%ﬁ#(ﬁ{ﬁ uc?&v‘éﬂﬁgfteer(?ggiéﬁsuc orz'alrshﬁéﬁal.
conductive 5 epoxcpmprisea deinforeing dajleesi ve, is applied to the conductive
bunmps 105 and vari abl e voltage protection conponent 1 to nmatch the
predeterm ned pattern of signal |eads 99 and ground | eads 101. Wen
one of the signgl | erilsmafiod of Clainfip et Bie GRnMRURIBIO Lo PP bidhnd ! e

vari abl e voltage protection conponent conducts the spike“to the
conductive strip 103lanBheomprises a peinforcing dayed ont 2sirfepe theredfrandcthe tvadableyer _

107 of - coyuct i ve oGl ol 40 RSl st S impreguatd i the

reinforcing layer.



addition, layer 107 of the device 97 can be onmtted and the \pafmina0ok/e8683

vol t age 09619?%?Fection conponent 1 can be adhered directly to the | eads.
The foregoing has described the principles, preferred enbodi nents and '
medes of operation of the present inventig? However, the invention should
15 not be construed as being limted t {%e particul ar enbodi nents

di scussed. .Thus, the above-described enbodi nents should be regarded
as illustrative rather than restrictive, and it shoul d be .
appreci ated that variations nayge nmade ij t hosd “enbodi ment s by
workers skilled in the art wtliout depgeti h scope of the
present invention as defined b WD 96/ 02922
-21- VWHAT |S CLAI MED | S! Rl e vol tage -
protection conponent for placea ground and an
el ectronic circuit conprisipd. [
and characterized by
substantially consta
vari abl e vol tage pe

conponent of O gfm t—wherein 4

a fibrous nmat. k
‘*
i

\ -S’r--/'-:/"}\
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3. ~  The varwaak@em! tage protection conponent of Claim1l mhemmsbggsﬁgp
reinforcing | ayer conprises non-woven pieces of insulating materi al

4. , The variable voltage protection conponent of C aim3 wherein the non-
woven pieces of insulating material conpris iformy sized balls.
5. ‘The variabl e voltage protection conpoffnt of Claim1l wherein the

rei nforcing layer conprises an insulating material in the formof a 15
porous synthetic resin polyner tape or in the form of flbers or pieces of
pol ypropyl ene, gl ass, aromatic pbl anlde peld t he plastlc

pol yner, thernDsettlng‘ponner

The

vari abl e vol tage protecti TN,
vol tage variable materiaH f . @ AO provide
20 preci se thigk = age

protection corrponen .

abl e vol tage
protection conponent - for placenepb/%etmeen a2'

j9ground and an

el ectronic circuit conprising: a relnforC|ng | ayer having a
substantlally constant thickness conpri sing:

- F /6‘._4
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-22- WO 96/02922 a plurality of pieces of insulati n?(:ﬂ%%;ohﬁs
0 S

said plurality of piIeces defining a plurality VO

t herebet ween; and characterized by a voltage variable
material inpregnating the reinforcing layer_and filling t he
plurality of voids. 5 8. The vari & vol tage protection
conponent of Claim7 wherein the reinforcing | ayer conprises

a fibrous mat. : 9. The variabl e.vol tage protection conponent of
Caim7 wherein the 25 L r et ' | a@& conprises_noHjwoven
pi eces of insulating material. 4

protection conponent of Claim9 wh
pi eces of insulating materi al
The variabl e voltage protectio

porous synthetic resinggp
pol ypropyl ene, gl ass, aromati|
pol yner, thernosetting poly
vari abl e vol tage protection<5\
vol tage variable material f
preci se thickness di nensi ong

49 -




component . 20 13. A variabl e voltage protection device for

pl acenent bet W$/039%r ound . and an el ectronic ci RQI/¥S95/08683
conpri si ng: : a variabl e voltage protection conponent; and
a ground pl ane contacting the variable voltage protection conponent;
characterized by the ground plane being a cdﬂﬁ?essible conductive 25
materi al . WO 96/ 02922 -

PCT/ US95/ 08683 : - 23-

14.  The variabl e voltage protegpon device g wherein the
conpressi bl e conducti ve ground pIaHE\QoanL: aQ@dct 1 ve pol yneric

mat eri al . 15. The vari abl e YA ¥8At i on device of Claim
13 wherein the 5 conpr es¢ 235}- ground pl-ane

conpri ses a conductive el ast om@3 stie rubber.

16. The variabl e vol tage protecti oniysg
conductive polyneric material conpriseg
such that the conductive ground ql- o

c‘y: 14 wherein the

A .
.f“lj'e conpliant surface

FIG_IO



10 ° wodsAséhi cal contact with irregular surfaces when ced under
conpr essi on. 17. The vari abl e voltage protecti-on dé’@#@l@%@?%ss

Clapm 15 wherein the conductive el astomer or conductive
rubber conprises at |east one ??npl i ant surface such that
t he conductive ground plane can conformto 1% and form
electrical contact with irregular surfaces when placed under

conpr essi on. 18. The variabl e voltage protection device of
Claim 14 wherein the . C | ri 3l conprises
an adhesi ve surface whereb t cqdugti vil gr pund pl ane wil |
adhere to and maintain el ecprikal | pO onfactiim th ag el ectrical
conponent surface. 25 ' cf jop glVvi ce
of Claim 15 wherein the conductive el astl nductive
rubber conprises an adhesivy € conductive
ground plane wll adhere.t el al contact
with an el ectrical cornpone 2}
PCT/ US95/ 08683 { ———— E 24-}

2 - | 2

25 ! 25




20.  The Vahigéifoo! t age protection device of Gaimil3 furt h&F rising
Ty ihess

an electrical connector having at |east one | ead and a ground,
characterized by said voltage variable material contacting said at |east
one | ead and said conpressible conductive g o%pd pl ane being in 5

el ectrical communication with said ground. / 21. A et hod for
maki ng a variabl e voltage protection device, conprising:

providing a variable voltage protection nmaterial having a reinforcing

| ayer of substantially constant thickness; provi ding a
conductive substrate; and 10 depositing on the conductive
substrate the vari abl e voltage protection materi a

containing the reinforcing | ayer. 22. The nethod of C aim 21
wherein the variable voltage protection materi al is applied
to the conductive substrate by spray, roller or spin coating, by

| am nation or by extrusi.on. 15 23. A nethod for making a variable
vol t age protection device conprising: provi ding a conductive

substrate having a reinforcing/L9§egh?f 95 Odstantially
constant thickness on a surfage of the substrite; an¢/
I npregnating in the réintorcyng Iay a varNgbl e voytage p ec

mat eri al . 20 24 Th t hod o™N\Cl ai m whefe\n the Wariab
vol tage protection NEtBEE NI AN C NV @IOAAND CHICIED N RS Y ve
substrate by spgy, R S M ORI by L P ﬁmf JEAARERt i on or

by extrusion.

o1 ! 23 \ss
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PCT/ US95/ 08683 PCTES95/08683
25.. A nmethod of making a variable voltage protection device conprising:
provi ding a conpressible conductive ground p}ﬁe; provi ding a
vari abl e vol tage protection material; and depositing the

vaki abl e voltage protection material on the conpressible 5

cohductive ground pl ane. 26. The net hod of C aim 25 wherein the
vafi abl e voltage protection materi al conprises a reinforcing
| ayer . 27. The met hod of O aim 25 wherein the conpressible
conduct i ve ground 31 - pl ane $OBxi ses a 29@i nforci pg3layer on a

surface thereof and the vari abl e

vol t age pfotection nateri al
is applied to and inpregnated in t '

eiNf orcing | ayer.
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