1 PTC CIRCU T PROTECTI ON DEVI CE AND MANUFACTURI NG PROCESS FOR SAME

DESCRI PTI ON Technical Field The present invention relates to polyner PTC

el ectrical circuit protection devices and nethods for producing them 5
Background of the Invention It is well known that the resistivity of many
conductive ngblksess Cchange with tenperature. Resistipgriusssécesy
positive tenperature ‘coefficient (PTC) conductive material increases as the
tenperature of the 10 nmterial increases. Many crystalline polyners,
made el ectrically conductive by dispersing conductive fillers
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PTC CIRCUIT PROTECTION DEVICE
AND MANUFACTURING PROCESS FOR SAME

DESCRIPTION

5 Technical Field

The present invention relates to polymer PTC

electrical circuit protection devices and methods

for producing them.
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(PTC) conductive material increases as the tempera-
ture of the material increases. Many crystalline
polymers, made electrically conductive by dispers-
ing conductive fillers therein, exhibit this PTC
effect. These polymers generally include polyolef-
ins such as polyethylene, polypropylene and ethyl-
ene/propylene copolymers. At temperatures below a
certain value, i.e., the critical or trip tempera-.
ture, the polymer exhibits a relatively low, con-
stant resistivity. However, as the temperature of
the polymer increases beyond this point, the resis-
tivity of the polymer sharply increases. Devices
exhibiting PTC behavior have been used as over-
current protection in electrical circuits compris-
ing a power source and additional electrical compo-
nents in series. Under normal operating conditions
in the electrical circuit, the resistance of the
load and the PTC device is such that relatively
little current f£lows through the PTC device. Thus,
the temperature of the device (due to I?R heating)
remains below the critical or trip temperature. If

the load is short circuited or the circuit experi-
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remai ns below the critical or trip tenperature. If the load is short
circuited or the circuit experiences a power surge, the current flow ng

t hrough t he PTC device 2 increases and its tenperature (due to I[err]R
heating) rises rapidly to its critical tenperature. As a result, the

resi stance of #WipseRRésydevi ce greatly increases. At this pointpchugspsde deal
of power is dissipated in the PTC5 device. This power dissipation only

- occurs for a short Reidead fpdwere sufrgect ithie alurrenec @djingovkveughbecause
~the power dissipation will raise the tenperature of the PTC device to a
val ue where the resitheaBRIs dleviine Prcreases and its temperature (due

to IR heating) rises rapidly to its critical

- temperature. As a result, the resistance of the
5 PTC device greatly increases. At this point, a
great deal of power is dissipated in the PTC de-

vice. This power dissipation only occurs for a

short period of time (fraction of a second), howev-

er, because the power dissipation will raise the

10 temperature of the PTC device to a value where the
registance of the PTC device has become so high,

that the original current is limited to a negligi-

ble value. This new current value is enough to
maintain the PTC device at a new, high tempera-

is ture/high resistance equilibrium point. This
negligible or trickle through current wvalue will

not damage the electrical components which are
connected in series with the PTC device. Thus, the

PTC device acts as a form of a fuse, reducing the

20 current flow through the short éircuit load to a
safe, low value when the PTC device is heated to

the critical temperature range. Upon interrupting

the current in the circuit, or removing the condi-

tion responsible for the short circuit (or power

25 surge), the PTC device will cool down below its

critical temperature to its normal operating, low
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device has become so high, that the original current is 10 linmted to a
negligible value. This new current value is enough to naintain the PTC
device at a new, high tenperature/high resistance equilibriumpoint. This
negligible or trickle through current value will not damage the electrical
conponent s whi winpsgsgsconnected in 15 series with the PTC dev ,
the PTC device acts as a formof a fuse, reducing the current flow through
the short circuit | cedistarcsakéatkow vzhee effiectt Ha PICrdeeteabls, heat ed

to the critical tenperature range. Upon interrupting the current in the
circuit, or rempvi n§leaerderl ieauitopreEspbien Klavias. the short circuit

erperat ure 1o 11s nor maTobHETSL M (ORCFELTE) atir il cPTOMEELP ect s a
resettable, electrigaljCédCbé well known in the industry. Conven-
' 5 tional polymer PTC electrical devices include a PTC
element interposed between a pair of electrodes.
The electrodes can be connected to a source of
power, thus, causing electrical current to flow
- through the PTC element. The PTC element generally
10 comprises a particulate conductive filler which is
dispersed in an organic polymer. Materials previ-
ously used for electrodes include wire mesh or
screen, solid and stranded wires, smooth and micro-
rough metal foils, perforated metal sheets, expand-
15 ed mgtal, and porous metals.
For example, U.S. Patent No. 3,351,882 (Kohler
et al.) discloses a resistive element composed of a
polymer having conductive particles dispersed
_ therein and electrodes of meshed construction
20 embedded in the polymer. The mesh constructed
electrodes disclosed in Kohler et al. are in the
form of spaced-apart small wires, wire mesh or wire
screening, and a perforated sheet of metal. Gener-
ally, eiectrodes of this type result in a PTC
. 25 device with a high initial resistance even when the

resistivity of the conductive polymer is low. In
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protection device. 25 Pol ymer PTC electrical «circuit
protection devices are well known in the industry. Conventi onal pol yner
PTC el ectrical devices include a PTC el enent interposed between a pair of
el ectrodes. The el ectrodes can be connected to a source of power, thus,
causing 30 el a®diésy current to flow through the PTC el enenscrrusdésscids C
el ement generally conprises a particulate conductive filler which is
di spersed in an or gadditfohynehe Bt esf ahasipredscmradesuwddhf polghect r odes
i nclude wire 3 nmesh or screen, solid and stranded wires, snooth and
PTC devices are susceptible to the formation of
electrical stress concentrations, i.e., hot-spots,
. which can lead to subpar electrical performance, or
5 even failure of the device. Moreover, conductive
terminals which in turn are connected to a power
source causing current to flow through the device
are difficult to connect to mesh electrodes such as
those disclosed in Kohler et al.
10 Japanese Kokai No. 5-109502 discloses an
electrical circuit protection device comprising a
polymer PTC element and electrodes of a porous
metal material. However, electirodes of this type
also present difficulties when connecting conduc-

15 tive terminals to the porous electrodes, resulting

in initially high resistant devices.
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m crorough netal foils, perforated netal sheets, expanded netal, and porous
nmetals. For exanple, U S. Patent No. 3,351,882 (Kohler 5 -et al.) discloses
a resistive elenment conposed-of a pol yner having conductive particles

di spersed therein and el ectrodes of neshed construction enbedded in the

pol ymer. The wm@msdssessnstructed el ectrodes di scl osed i n Kohl er pefrusdsios@as e i n
the formof spaced-apart small 10 wres, wre nmesh or wire screening, and
a perforated sheet @& y| of thenimwéntdon el ectrodes of this type result
in a PTC device with a high initial resistance even when the resistivity of
the conductive pol yner i &CFERAINGIV, adbii £BoRR obAechsefofthRe BFeSLEL r odes

with 15 polynmer PTG de\ﬁi.tgsfi ﬁ{)c?_ §%§8§8‘L'L\%P§hgfeé %.cfa(lr na‘te‘lr ) 01:”__;_ hect rical

stress concentrati o ot'S,
improved physical contact between the electrode and

5 the PTC element without sacrificing thé electrical
performance of the device.

It is also an object of the present invention
to provide an electrical device which can be con-

- nected to conductive terminals without producing an
10 electrical device with an initially high electrical
resistance.

In one aspect the present invention provides
an electrical device comprising a PTC element in-
cluding a polymer with electrically conductive

15 particles dispersed therein. The PTC element has
first and second opposed surfaces with a conductive
layer contacting the first and second opposed
surfaces of the PTC element. A pair of electrodes,
each said electrode having an inner surface and an

20 outer surface with a plurality of voids, are af-
fixed to the opposing surfaces of the PTC element.
The outer surface of each electrode can be connec-
ted to a source of electrical power, causing cur-
rent to flow through the PTC element.

25 In a second aspect the present invention
provides an electrical device comprising a PTC

6 \
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can lead to subpar electrical performance, or even failure of the device.
Mor eover, conductive termnals which in turn are connected to a power
source causing 20 current to flow through the device are difficult to
connect to nesh el ectrodes such as those disclosed in Kohler et al.
Japanese Kokai wd®eséps7l09502 di scl oses an electrical circuit poyiosssdse
device conprising a polyner 25 PTC el enent and ‘el ectrodes of a porous
nmetal material. Howelement edmposertiest a giolymkrshavingeeleatsicalinesent
difficulties when connecting conductive termnals to the porous el ectrodes,
resul ting in initiaFPydneive cBrEEIpkes dispeysedotherein. TheyRIC pat ent

No. 4,330, 704 | 5SUE]l 8P S5 s e ShdBRodHh SRl BhrHSUL Y SO0

. : a conductive layer contacting the first and second
5  opposed surfaces of the PTC element. A pair of
electrodes, each said electrode having a three-
dimensional, initially open cellular structure
characterized by an imner boundary and an outer
boundary, are affixed to the £first and second
10 . opposed surfaces of the PTC element. The outer
boundary of each said electrode can be connected to
a source of electrical power, causing current to

flow through said PTC element.
In a third aspect the present invention pro-
15 vides a method of making an electrical device
comprising providing a laminar shaped PTC element
having first and second surfaces. The PTC element
includes a polymer with conductive particles dis-
persed therein. The first and second surfaces of
20 the PTC element are coated with a conductive layer.
The first coated surface of the laminar shaped PTC
element is brought into contact with a first elec-
trode, said electrode having an inner surface and
an outer surface with a plurality of voids. The
25 second coated surface of the laminar shaped PTC

element is brought into contact with a second elec-
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| am nate. A PTC el enent has a conductive polyner |ayer 4 applied to top:
and bottom surfaces. Al um num nmesh el ectrodes are applied to the outer
surfaces of the conductive polymer layers. An insulating |ayer covers the
outer surface of the alum num nmesh el ectrodes. An 5 -electrical connection
means conpri seevodesseaduct i ve nenbers and conductive fil ament poBoE/osedS

enbedded in the insulating |ayérs. The el ectrical connection means provides
a conductive surfacecrfade,semid rjeztrodechaving dreathher tderfiee and 10
Summary of the Invention

an outer surface with a plurality of voids. . Heat

and pressure are applied to the coated PTC element

and the electrodes to form a laminate. The lami-

5 nate is then further formed into a plurality of PTC

electrical devices.

In .yet another aspect the present invention
provides a method of making an electrical device
comprising providing a laminar shaped PTC element

10 having first and second surfaces. The PTC element
includes a polymer with conductive particles dis-
persed therein. The first and second surfaces of
the PTC element are coated with a conductive layer.
The first coated surface of the laminar shaped PTC

is5 element is brought into contact with a first elec-
trode and the second coated surface of the laminar
shaped PTC element is brought into contact with a
second electrode. The electrodes have a three-
dimensional, initially open cellular structure

20 characterized by' an inner boundary and an outer
boundary. Heat and pressure are applied to the
coated PTC element and the electrodes to form a
laminate. The laminate is then further formed into
a plurality of PTC electrical devices.

25 Other advantages and aspects of the present

invention will become apparent upon reading the
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Accordingly, it is an object of the present invention to provide an

el ectrical device with inproved physical contact between the el ectrode and
the PTC el ement w thout sacrificing the electrical performance of 15 the
device. It is also an object of the present invention to provide an

el ectrical deviweenbiseh can be connected to conductive term nedPUsssbésmUt

. producing an electrical device with an initially high electrical

' resistance. 20 following Mesurigtient ofhtherdiwmingsnandt Aehapledi des an
~electrical device conprising a PTC el enent including a polymer wth

el ectrical |y conducteseripbion |k thesd2vesliitherein. The PTC el enent has
first and second opposed surfaces wth a conductive | ayer contacting the
first and 25 second opposed surfaces of the PTC elenent. A pair of

____——
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el ectrodes, each said el ectrode having an inner surface and outer surface
with a plurality of voids, are affixed to the opposing surfaces of the PTC
el ement. The outer surface of each el ectrode can be connected to a source
of 30 electrical power, causing current to flow through the PTC el enent.
5 In a second Wees60s7t he present invention provides an el echcrodernsiayi ce
conprising a PTC elenent conposed of a polyner having el ectrically
conductive particl eBzde ©@ne off - gmgeenent has first 5 and

second opposed surfaces mnth a conductlve | ayer
PP FIG. 1 is a perspective yv:.ew of an electrical

circuit protection device according to the present
invention.

5 FIG. 2 is a perspective view of an electrical
circuit protection device according to a first
en_lbodiment of the present invention.

FIG. 3 is a cross-sectional view of the electrical
circuit protection device in FIG. 2.

10 FIG. 4 is a perspective view of an electrical
circuit protection device according to a second
embodiment of the present invention.

FIG. 5 is a cross-sectional view of the electrical
circuit protection device in FIG. 4.

15 FIG. 6 is a microphotograph (enlarged 50 times) of

the electrode material illustrated in the électri-

cal circuit protection device in FIGS. 4 and 5.
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contacting the first and second opposed surfaces of the PTC elenent. A pair
of el ectrodes, each said electrode having a three-dinensional, initially
open cellular structure characterized by an i nner boundary and an outer 10
boundary, are affixed to the first and second opposed surfaces of the PTC
el ement. The owgysabgyndary of each said el ectrode can be conpEegi®eods® a
source of electrical power, causing current to flow through said PTC

elenment. In a thiDetadledMesediptimmesent invention 15 provides a
method of making an electrical @ device conprising providing a |am nar

shaped PTC el ement havi n§hile gthighdnyverbhen sis pusesptibi ofT P@inent

I ncl udes a pol yner mnth conduct i artpcles di ersed t herein. e first
and second surfaces WPt {2 B & %ﬁgﬁ?“l&r%ﬂ%t Eﬁ TR FIPVR &Bn Ttive

llayer. The f'_rSt Cohatiaysf an8 ithNGherein be described in detail

5 preferred embodiments and methods of manufacture
with the understanding that the present disclosure
is to be considered as an exemplification of the
principles of the invention and is not intended to
limit the broad aspect of the invention to the

10 embodiments illustrated.

FIG. 1 illustrates -an electrical circuit
protection device 1 according to the present inven-
tion. The device 1 comprises a PTC element 2, con-
ductive layers 3 and 4, ahd electrodes 5 and 6. |

15 Electrodes 5 and 6 include a plurality of
voids in a metal material selected from the group
consisting of nickel, copper, =zinec, silver, and
gold. Specifically, electrodes 5 and 6 can be wire
mesh, screen mesh, wire cloth, perforated sheet

20 metal, or expanded metal.

FIGS. 2 and 3 illustrate a preferred embodi-
ment of the present invention in which electrodes
5’ and 6’ are wire cloth (distributed by McMaster-
Carr, No. 9224T39) having 100 x 100 mesh per linear

25 inch, a wire diameter of 0.0045 inch, and a width

opening of 0.006 inch. Electrodes 5’ and 6’ are

11
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| am nar shaped PTC elenment is brought into contact with a first el ectrode,
said el ectrode having an inner surface and an outer surface with a
plurality of voids. The second coated surface of the |am nar shaped PTC
el enment 25 1is brought into contact with a second el ectrode, said el ectrode

havi ng an i nnewodeséedze and an outer surface with a pluralit yp@fussisise
Heat and pressure are applied to the coated PTC el enent and the el ectrodes

to forma | am nat e. gefiezral 3y kestse thant el findbhehidlos hesvevetrg 4t3f)s
plurality of PTC electrical devices. |In yet another aspect t he present
i nvention provi des PxefBrred thRt edfekePdem S'eland r§'care devPee to

0.008 inch thick.
PTC element 2’ includes a conductive polymer
5 exhibiting PTC behavior. The polymer is made
conductive by dispersing conductive particles
therein. Preferably the polymer is a polyolefin.
Examples of polymers which can be used in the
present invention include polyethylene, polypropyl-
10 ene, polybutadiene, polyethylene acrylates, ethyl-
ene acrylic acid copolymers, and ethylene propylene
copolymers. In a preferréd embodiment, the polymer
- is a high density polyethylene such as Petrothene
LB 8520-00, manufactured by Quantum. The eléctri—
15 cally conductive particles dispersed in the polymer
comprise a conductive material selected from the
group consisting of pure metal particles, metal
alloy particles, and carbonaceous particles.
Examples of electrically conductive particles which
20 can be used in the present invention include mate-
rials such as nickel powder, silver powder, gold
powder, copper powder, silver-plated copper powder,
powders of metal alloys, carbon black, carbon
powder, and graphite. In a preferred embodiment,
25 the electrically conductive particles comprise

carbon black, preferably one that has a ASTM clas-

12
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6 conprising providing a | am nar shaped PTC el enent having first and second
surfaces. The PTC el enent includes a polyner wth conductive particles

di spersed therein. The first and second surfaces of the PTC el enent are
coated 5 with a conductive layer. The first coated surface of the |am nar
shaped PTC el ewveswzepsy brought into contact with a first el echerdsosmsedst he
second coated surface of the |ani nar shaped PTC el enent is brought into
contact with a secaidichbiondifkr0, sufheag|Ravenodas, napufacturiedeby 10

di mensi onal , initially open, cel | ul ar structure characterized by an
i nner boundary and Goupbiar Geemical C4eat and pressure are applied to the

coat ed PTC el enent apd Qe el %ﬁ& g%°§9'ﬁ%‘2}[g{’ {:“ ngESenghgnngH] nate is

then further formed int aaBFura
. tion, PTC element 2’ includes a non-conductive

5 particulate filler which increases the stability of
the composition at higher temperatures. Examples
of non-conductive particulate fillers to be used in
the present invention include fumed silica and
ceramic microspheres.

10 Generally, PTC element 2’ is less than 0.03
inch thick, preferably less than 0.02 inch thick
and has an electrical resistivity at 25°C of gener-
ally less than 5 ohm cm, preferably less than 1 ohm
cm, and more preferably less than 0.8 ohm cm.

15 Conductive layers 3’ and 4’ are applied to
first and second opposed surfaces of PTC element
2’. Conductive layers 3’ and 4’ can comprise a
conductive polymer such as a conductive thermoset
resin, a conductive thermoplastic, or a conductive

20 thermoset/thermoplastic mixture. Generally, the
polymer is made conductive by the presence of
silver, nickel, or carbon. Excellent results have
been obtained when conductive layers 3’ and 4’ com-
prise polymer based thick film ink compositions.

25 Preferably, conductive layers 3’ and 4’ can resist

temperatures of up to 280°C. In a preferred em-

13
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15 devices. Qther advantages and aspects of the present invention-wll
become apparent upon reading the follow ng description of the draw ngs and
detail ed description of the invention. 20 Brief Description of the _
Drawings FIG 1 is a perspective view of an electrical circuit protection
devi ce accordi Wpdsseashe present invention. FIG 2 is a perspepéirgsdeisseay’ Of

an electrical 25 <circuit protection device according to a first enbodi nent

of the present inveloddmenE| Geongurtive laysss sttandak’ cosprisé athe

\e/! gsvt {):c Cgln g: ;g;“r ;[ C%rp(ﬂ’%gtrl %nggvi:lcﬁe.cllc rIJ‘EiFZI!mG\inzk' slillc% aAé ICSZ‘BI?.SF,)eingELezSt Ve
factured by DuPont Electronic Materials.

In another embodiment of the present inven-

5 tion, conductive layers 3’ and 4’ comprise a metal
particulate selected from the group consisting of
silver, nickel, copper, platinum, and gold. Pref-
erably, conductive layers 3’ and 4’ comprise silver
flake or silver powder.

10 With reference to FIG. 3, it is preferred that
portions of electrodes 5’ and 6’ are embedded in,
or in direct physical contact with, PTC element 2’.
However, the present invention also covers embodi-
ments where electrodes 5’ and 6’ are embedded in

15 conductive layers 3’ and 4’, and are not in direct
physical contact with PTC element 2’.

Referring now to FIGS. 4 and 5, electrodes 5’
and 6’'’ comprise a three-dimensional, initially
open, irregular cellular structure characterized by

20 an inner boundary and an outer boundary. The
interface between PTC element 2’’ and electrodes
5 and 6’’, and the interface between conductive
layers 3’’ and 4'’ and electrodes 5’’ and 6’‘ lie
within the inner and outer boundaries of electrodes

25 5'r and 6’’, not at a surface thereof. Any surface

contact is along a plurality of cell walls and

14
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30 circuit protection devi ce according to a second enbodi nent of the

present invention. 7 FIG 5 1is a cross-sectional view of the
el ectrical circuit protection device in FIG 4. FIG 6 is a m crophotograph
(enlarged 50 tinmes) of the electrode material illustrated in the electrical

5 circuit protegidsResgevice in FIGS. 4 and 5. Detail ed Descripérrosdeidbezd e
this invention is susceptible of enbodinent in many different fornmns,
there is shown in thateradesgsettwabn\cellidreithebeleetoorddetriotuetai | a

In a preferred embodiment, illustrated in FIG.
5, instead of a layered laminate electrical device,
- the electrical device is really comprised of seven
5 separate zones. Two opposed outer zones comprise
empty open electrode cells (zones a and b in FIG.
5). These electrode cells may optionally be filled
by plating, soldering or the like. Inward of zones
a and b are two opposed zones of electrode cells
10 filled with conéuctive layers 3’’ and 4’’ (zones ¢
and 4 in FIG. 5). Inward of zones ¢ and d are two
opposed zones of electrode cells filled with PTC
element 2’‘ (zones e and £ in FIG. 5). A central
inner zone (zone g in FIG. 5) is comprised solely
15 of PTC element 2’’. The distance between the inner
boundary and the outer boundary of each electrode
is less than 0.01 inch, preferably between 0.003 to
0.008 inch. PTC element 2’‘ and conductive layers
3’7’ and 4’’ are identical to those embodimenté de-

20 scribed above and illustrated in FIGS. 2 and 3.
While the seven zone structure described above
is preferred for an electrical device having cellu-
lar structured electrodes, in another embodiment of
the present invention (not pictured) the electrical
25 device comprises five =zones. Two opposed outer

zones have empty open electrode cells {(which may

15

This Sheet Has Been Reilaced

A




10 preferred enbodinent of the invention wth the understanding that
the present disclosure is to be considered as an exenplification of the
principles of the invention and is not intended to |limt the broad aspect
of the invention to the enbodiments illustrated. 15 FIG 1
illustrates oyoogbseirical circuit protection device 1 accarchusyshes2s he
present invention. The device 1 conprises a PTC el enent 2, conductive

| ayers 3 and 4, andopkéonabiiyds fikded withamatedeby Pkatdng.,i ﬁ@léﬁé-
plurality of voids 20 in a netal material cted fromthe Pg

consi sting of ni ckeARgcoFpéhe Aike) - 5| IIFEF‘raaH §Bfd CURBECFPR
el ectrodes 5 and 6 can be wire nesh ted
sheet netal, or exp%ﬁ'&eé’ PRees ? Dflf% an% gglgﬁ?ug%g'g gkgigek%ﬁgé‘fr:fezcrja ©

enbodi ment conductive layers. A central inner zone is com-

5 prised solely of the PTC element. In this five
-zone embodiment, the cellular structure of each
electrode is not in direct physical c¢ontact with
PTC element.

Preferably, the three-dimensional, initially

10 open cellular structured electrodes comprise a
metal selected from the group consisting of nickel,
copper, zinc, silver, and gold. It is especially
preferred that the three-dimensional, initially
open cellular structured metal electrodes comprise

15 metal foam, preferably nickel, such as the nickel
foamed electrodes manufactured by Inco Specialty
Powder Products. FIG. 6 is a microphotograph
(enlarged 50 times) of the preferred three-dimen-
sional, initially open cellular structured elec-

20 trodes illustrated in FIG. 5.

The electricai devices of the present inven-
tion generally have an electrical resistance at
25°C of less than 1 ohm, preferably have an elec-
trical resistance at 25°C of 0.1 ohm to 0.3 ohm,

25 and more preferably have an electrical resistance

at 25°C of less than 0.1 ohm.

16
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25 of the present invention in which electrodes 5 and 6' are wre cloth
(distributed by MMaster-Carr, No. 9224T39) having 39.37 x 39.37 nesh
per linear centineter (hereinafter "cn) (100 x 100 nmesh per linear inch),
a wre dianmeter of 0.1143 mllinmeter (hereinafter "mi) 30 (0.0045 inch), -
and a width oparégmgesat 0. 1524 mm (0. 006 i nch). El ect rodes bcrosmobézear e
generally less than 0.254 nm (0. 01 inch) thick, however, it is preferred
t hat 8 el ectrodes 5 HnhaE bees DoldbZlar PTRO82eatrifal(@viicesd. 008
inch) thick. PTC elepent 2' includes a conductive polyner .
of the present invention can be prepared by dis-
persing conductive particles into a polymer to form
. a polymer PTC composition. The PTC composition is
5 then melt-shaped to form a laminar PTC element.
First and second opposed surfaces of the PTC ele-
ment are then coated with a conductive layer.
First and second electrodes are brought into con-
tact with the coated surfaces of the PTC element.
10 The electrodes can include any of those described
above (i.e., wire mesh, screen meéh, wire cloth,
perforated sheet metal, expanded metal, or elec-
trodes with a three-dimensional, initially-open,
irregular cellular structure). The sandwich struc-
15 ture, i.e., the coated PTC element interposed
between two electrodes, is then heated while apply-
ing pressure to form a laminate. The laminate is
then further formed into a plurality of PTC elec-
trical devices.
20 While the step of melt-shaping the PTC compo-
sition into a laminar shaped PTC element may be
carried out by commonly known polymer shaping
methods, extrusion or compression molding is pre-
ferred.

25 The step of heating and applying pressure to

the sandwich structure is generally carried out at

17
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exhi biti ng PTC behavior. The polymer is nmade conductive 5 by dispersing
conductive particles therein. Preferably the polyner is a polyolefin.
Exanpl es of polynmers which can be wused in the present invention

i ncl ude pol yet hyl ene, pol ypropyl ene, pol ybut adi ene, pol yet hyl ene acryl ates,

et hyl ene acrylwosesswdzcopol yners, and et hyl ene 10 propyl ene BEIHOsHEIERS -
In a preferred enbodinent, the polyner is a high density polyethyl ene such
as Petrot hene LB 8520p@égsunadfactulieasbyl@ansum. afdhea cemperatarey
conductive particles dispersed in the polyner conprise a conductive

material selected fEm¥heeGrouptREnsTT imPHion ofpatelepstal mbarticl es,
e o ) RS PR EERET R DB AT e BRETEHES
invention include mMabaLikahs $HCER@ScOUGE! PROVERIment! |aWAM electrodes
5 is carried out at a pressure of 350 to 450 p.s.i.
and a temperature of 200 to 235°C for approximately
3 to 5 minutes. Excellent results have been ob-
tained, however, when the step of heating and
applying pressure is carried out at approximately
10 220°C and 300 p.s.i. for 1 minute, relieving the
pressure, and then further subjecting the coated
PTC element and electrodes to 625 p.s.i. at 235°C
for 5 minutes.
In a preferred embodiment, the PTC electrical
15 circuit protection devices of the present invention
include a conductive terminal electrically connect-
ed to the outer surface of each electrode. The
conductive terminal is connected to a source of
electrical power, causing current to flow through
20 the device. The terminals are soldered to the
electrodes by applying a conductive paste to the
outer surface of each electrode. The terminals are
brought into contact with the conductive paste and
heated so that the conductive paste is in a molten
25 state. The molten paste is then cooled until it

solidifies, whereby the conductive terminals are

18"
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powder, gold powder, copper powder, silver-plated copper 20 powder,
powders of netal alloys, carbon black, carbon powder, and graphite. In a
preferred enbodi nent, the electrically conductive particles conprise carbon
bl ack, preferably one that has a ASTM cl assificati on N660, such as Raven

430, manuf act wyededpesCol unbi an Chem cal Co. 25 | popiesddnsto
enbodi nent of the present invention, PTC elenent 2' includes a

non- conducti ve partatthched fid the elfeatrddesr ofiselse tdewristabil idoldefr t he

conposi tion at higher tenperatures. Exanpl es of non-conductive
particul ate fill er sprefemn waygibe rﬁ%l&véeénfor- hRehepRAuctive RASk®e f umed

silica and ceram c i crospheres PTC el enment 2' is |ess than
0.762 nm (0. 03 |nch}ntW%karL%’FefiS?%’??e‘%’eé%“ceﬁa?n 0.508 mm (0. 02 REPLACEMENT
SHEET, In another embodiment, terminals are applied
5 to the outer surface of each electrode. The termi-
nals and the PTC device are dipped into a flux,
(i.e., a solution used to remove oxides from, and
prevent further oxidation of, fused metals). The
PTC device and terminals are then dipped into a
10 molten solder bath.  The device is then allowed to
cool, whereby the solder solidifies, attaching the
terminals to the electrodes. |
In the processes employing the conductive
paste or the solder preform, the device will be
15 exposed to temperatures of approximately 280°C
during the step of heating the conductive paste or
solder preform to a molten state. In the process
employing a molten solder bath, the device will be
exposed to temperatures of approximately 265°C.
20 Therefore, the composition of the conductive layer
must be able to resist temperatures of up to 280°C.
While the mechanism is not completely understood,
it is believed that conductive particles are

leached from the composition of the conductive

25 layers when the conductive layers cannot resist
19
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9 inch) thick and has an electrical

resistivity at 25[err]C of generally

|l ess than 5 ohmcm preferably less than 1 ohmcm and nore preferably |ess
than 0.8 ohmcm Conductive |layers 3" and 4' are applied to 5 first and

second opposed surfaces of PTC el enent 2'.

Conductive layers 3 and 4' can

conpri se a congigakhessy Pol ynmer such as a conductive thernoset gEsisSemstae
conductive t her nopl asti c, or a conductive

t her noset / t her nopl agemperatdrsse . ugcateragoor. t ithe poby¥aEt 1€ ai Gevicke

conductive by the presence of silver, nickel, or carbon. Excellent
have been obtai ned whtlhh an initially hlgh electrical resistance.

10

15

20

Thus, in a preferred embodiment the conductive
layer comprises CB11l5, a polymer based thick film
ink wmanufactured by DuPont Electronic Materials
comprising the following- composition: 10-15% (by
weight) diethylene glycol monoethyl ether acetate,
1-5% terpineol, 1-5% n-butanol, and 65-75% silver.
Since CB115 can resist soldering tempe.ratures up to
280°C, the silver remains in the polymer based
thick £ilm ink composition. The result is a device
with a low electrical resistance, i.e., a device
that has an electrical resistance at 25°C of less
than 1 ohm, preferably has an electrical resistance
at 25°C of 0.1 ohm to 0.3 ohm, and more preferably
has an electrical resistance at 25°C of less than
0.1 ohm.

In order to indicate more fully the nature and
utility of this invention, the following examples
are set forth, it being understood that these
examples are presented as illustrative only and are

not intended to limit the scope of the invention.

results
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conductive layers 3' and 4' conprise polyner based thick filmink
conpositions. Preferably, conductive |ayers 3 and 4' can resist
tenperatures of up to 280[err]C In a 15 preferred enbodi nent,
conductive layers 3 and 4' conprise a polyner based thick filmink
such as CB115, wowwssbesyt ured by DuPont El ectronic Materials. | pepitsishgso
enbodi nent of the present invention, conductive layers 3 and 4" conprise a
metal particulate 20 selected from t heERaMEGE gonsi sting of silver, nickel,

copper, platinum and gold. Preferably, conductive |ayers 3 and 4
conprise silver flake or Aswwlﬁibﬁehlgwci%n%ﬁfepmmeﬂe&(@ﬁbt is
preferred that portions | ec des 5' and 6' are enbedded in, or in 25
di rect physi cal cont@latm‘\%lafﬁ C chBAPtYm under. khe (4rads -2ame

invention al so covergy e hadhoP i WaSHSn black (manufactured by Cabot
5 under the trade name BP 160-Beads) was dried by

placing it in an oven at 100°C overnight. A PTC

polyrqer composition was prepared using the polyeth-

ylene and carbon black in the amounts listed below

in Table 1.
10 TABLE 1
density volume weight weight
{agm/ecc) (%) (%) {em)
HDPE 0.96 65 4s.08 117.78
(Petrothene
15 1B8520-00)
Carkon Black
BP_ 160-Beads 1.85 35 50 1
Total 1L.2715 100 100 240

The polyethylene was placed in a C.W. Brabend-

20 er Plasti-Corder PL 2000 equipped with a Mixer-
Measuring Head and fluxed at 200°C for approxi-
mately 5 minutes at 5 rpm. At this point the
polyethylene was in a molten form. The carbon

black was then slowly dispersed into the molten

25 polyethylene over a 5 minute period at 200°C at 5
rpm. The speed of the Brabender mixer was then
increased to 80 rpm, and the HDPE and carbon black

were thoroughly mixed at 200°C for 5 minutes. The

21
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el ectrodes 5 and 6' are enbedded in conductive layers 3' and 4', and are
not in direct physical contact with PTC elenent 2'. 30 .
Referring nowto FIGS. 4 and 5, electrodes 5' and 6'' conprise a

three-dinensional, initially open, irregular cellular structure
characteri zed WpssmB6snner 10 boundary and an outer boundarycrusdsn6629
I nterface between PTC elenent 2'' and electrodes 5'' and 6'', and the
i nterface between cengyeYi irputaydue 8o theymixing, caubes] ddter sémpes-' and
~6'"" lie within the inner Ed outer 5 houndar i es of electrodes 5'" and
gkure o the composition to increase to

6'', not at a surf al&
After allowing the composition to cool,' the

composition was then placed into a C.W. Brabender

5 Granu-Grinder where it was ground into small chips.

The chips were then fed into the C.W. Brabender

Plasti-Corder PL 2000 equipped with an EBExtruder

Measuring Head. The extruder was fitted with a die

having an opening of 0.002 inch, and the belt speed

-10 of the extruder was set at 2. The temperature of

- the extruder was set at 200°C, and the screw speed

of the extruder was measured at 50 rpm. The chips

were extruded into a sheet approximately 2.0 inches

‘wide by 8 feet long. This sheet was then cut into

15 a number of 2 inch X 2 inch sample PTC elements,

and pre-pressed at 200°C to a thickness of approxi-
mately 0.01 inch.

A polymer based thick film ink (CB115, manu-
factured by DuPont Electronic Materials) was then

20 applied to the top and bottom surfaces of the 2
inch x 2 inch polymer PTC sample elements.

The electrode material selected was copper
wire cloth (No. 9224T39, distributed By McMaster-
Carr). The wire cloth electrode material had 100 x

25 100 mesh per linear inch, a wire diameter of 0.0045

_inch, and a width opening of 0.006 inch. The

22
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thereof. Any surface contact is along a plurality of cell walls and

I ntercies between cells in the electrode structure. In a preferred
enbodi ment, illustrated in FIG 5, instead of a |layered |anm nate el ectri cal
10 device, the electrical device is really conprised of seven separate

zones. Two OpPPRPE BEkeasHt er zones conprise enpty open el ectrodepegikssnsg@nes a
and b in FIG 5). These electrode cells may optionally be filled by

pl ati ng, sol dering etppére wikkeclothavas thenopktstedl adithbsibverinasing opposed
zones of electrode cells filled with conductive layers 3'' and 4'' (zones cC
and d in FIG 5). |qoavgnuifon§éne%l%cmwm§r emethedsppos Fez crdyrest-

el ectrode cells fllledﬂégth PTC e t 2" é ones e and f in FIG. 5. A
central inner zone P23 §°Pﬁe1§|"(§'rej)e £EEade] IRFFrEed FPRIXLAESTC

el ement 2°°. The §§S6ﬁﬂﬁ?1nch thick. The electrodes were then af-

5 fixed to the top and bottom thick £ilm ink coated

surfaces of the polymer PTC sample elements and

placed in a hot press for approximately four min-

utes at 400 p.s.i. and 230°C. The 2 inch x 2 inch

laminated sheet was then removed from the press and

10 allowed to cool without further pressure. The

laminated sheet was then sheared into a plurality

of 0.150 inch x 0.180 inch polymer PTC electrical

circuit protection devices. The circuit protection
devices had an average thickness of 0.0175 inch.

15 Conductive terminals or leads were attached to

the devices in the following manner: (1) terminals

were applied to the outer surface of each elec-

trode; (2) the terminals and the PTC device were

dipped into a flux (i.e., a solution used to remove

20 oxides from, and prevent further oxidation of,

fused metals); (3) the terminals and the PTC device

were dipped into a molten solder bath; and, (4) the

terminals and the PTC device were removed from the

solder bath and allowed to cool, whereby the solder

25 solidified, thus connecting the terminals to the

electrodes of the device.

23

L
‘“‘i\\\\\\\\\\\\\\\\\\\\\



bet ween the inner boundary and the outer boundary of each electrode is |ess

than 0.254 nm (0. 01 inch),

preferably between 0.0762 to 0.2032 mm (0.003 to

0.008 inch). PTC elenment 2'' and conductive layers 3'' and 4'' are 25
identical to those enbodinments described above and illustrated in
FIGS. 2 and 3. wWiédsgesyhe seven zone structure described above pcpogdspbasr ed
for an electrical device having cellular structured el ectrodes, in another
enbodi ment of the 30 pr¢oppariseantdevicesotweiiect prephirdédicuelingt rtheal

devi ce conprises five zones. Two opposed outer zones have enpty open

el ectrode cel |l s (whissmemapaggrisial | ynde rocesgeqi t Hescribed above,

except that the PTC element was not coated with a

conductive layer. Instead, the silver-plated

5 copper wire cloth electrodes were affixed directly

to the PTC sample elements and then placed in a hot

press for approximately four minutes at 400 p.s.i.

and 230°C. The laminated sheet was then removed

from the press and allowed to cool without further

10 pressure. The laminated sheet was then sheared

into a plurality of 0.150 inch x 0.180 inch polymer

PTC electrical circuit protection devices. The

comparison devices had an average thickness of

0.0145 inch. Terminals were applied to the com-

15 parison devices in the same manner as they were

applied to the devices of the present invention in

Example 1.

The electrical and mechanical properties of

the electrical circuit protection devices of the

20 present invention (wire cloth electrodes with a

conductive layer) and those of the comparison

devices (wire cloth electrodes without a conductive

layer) were then tested. These tests consisted of

measuring the initial electrical resistance of the

25 devices at 25°C with an ESI milliohmeter equipped

with Kelvin clip leads. The electrode adhesion of

24
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metal by plating, soldering or the like). Inward of the outer zones are two
opposed zones of electrode cells filled with conductive layers. A central

i nner zone is conprised solely of the PTC elenent. In this five zone 5
enbodi nent, the cellular structure of each electrode is not-in direct

physi cal cont aGlo YddebsyPTC el enent. Preferably, the three-di neper/osabesze
initially open cellular structured el ectrodes conprise a netal selected
fromthe group consittid ngewiced Ckas, meappeed dfingi ac tesistiver temtdrgol d.

It is especially preferred that the three-dinensional, initially open

cel lul ar structured wigthal ael &igitgde sreadpit sénamufacturad by efSokbl y

ni ckel , such as the nickel el ectrodes .manuf actu by Inco Specialty
Powder Products. FI dlods]; W/%oggophﬁ%é?%ﬁﬂ?%e 1{‘8#1'11@?€ed 50 times) of

the prpferred three- dlneq3| o%&tlonlng the leads so that they are
5 axial to the body of the device;
2) Insert one lead in pneumatically con-
trolled jaws;
3) Inéert opposite lead in manual vise
type jaw;
10 . 4) Set tensile tester at:
a) Tension (Pull),
b) 0.5 IN/MIN Pull Speed,
c¢) 5% Load (25 lbs. maximum);
5) Set Recorder at:
15 a) 5% Full Load (25 lbs. maximum),
b) Pen write on,
c) Sexrvo on;
6) Push "UP" button and allow to run
until separation is complete. Total Pull
20 (lbs.) will register on the Recorder.
The results of these tests are listed in Table 2

below.

25
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initially open cellular structured electrodes illustrated in FIG 5. The

el ectrical devices of the present invention generally have an el ectrical
resi stance at 25[err]C of less 20 than 1 ohm preferably have an

el ectrical resistance at 25[err]C of 0.1 ohmto 0.3 ohm and nore
preferably havevowsedsectri cal resistance at 25[err] C of |ess bﬁﬂﬂﬂﬂménﬂhn1
It has been found that PTC electrical devices of the present invention can
be prepared by dispersing 25 conductiv@apaEt2cles into a polyner to forma
pol ymer PTC conposition. The PTC conposition is then nelt sha-ed to forma

| am nar PTC el enent. ] ¥ , pDOSed sur e PJC el enent
are then coated MA h &% 6 . First anc second el§vjrodes
O O T T Udt © CIT O *

INITIAI. PULL

RESISTANCE TEST
(ohms) {1bs.}

1 0.1870 1.40 0.3412 0.90

2 0.1809 2.70 0.3542 0.70

3 0.1924 1.40 0.3393 1.20

4 0.2991 2.30 0.2941 1.20
13 0.1938 1.20 0.3899 1.60

6 0.1847 1.75 0.3001 1.10

7 0.1927 2.00 0.2887 1.10

8 0.1829 1.60 0.3354 1.10

9 0.2014 1.75 0.3007 0.75
10 0.1840 2.30 0.2879 1.25
AVERRAGE 0.1899 1.84 0.3231 1.08
MINIMUM 0.1809 1.20 0.2879 0.70
MAXTMUM 0.2014 2.70 0.3542 1.60

EXAMPLE 2

A number of 2 inch X 2 inch sample PTC ele-
ments were prepared in the same manner as disclosed
in Example 1. A polymer based thick £ilm ink
(CB115, manufactured by DuPont Electronic Materi-
als) was then applied to the top and bottom surfac-
es of the 2 inch x 2 inch polymer PTC sample ele-
ments and cured for 20 minutes at 120°C.

The electrode material selected was a nickél
foam supplied by Inco Specialty Powder Products.

5 The nickel foam had an initial volume thickness
between boundaries of approximately 0.080 inch.

The density of the supplied nickel foam material

26
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el enent . The el ectrodes can include any of those described above

(i.e., wire nmesh, screen nesh, wre 12 cloth, perforated sheet netal,
expanded netal, or electrodes with a three-dinensional, initially-open,
irregul ar cellular structure). The sandw ch structure, i.e., the coated PTC

el ement i nter paEeskessyween two 5 el ectrodes, is then heated weclressapgzyi ng
~pressure to forma [amnate. The lamnate is then further formed into a
- plurality of PTC el swter i60dl +devisdeg/mithivich lan maafe well- shagi By t he PTC

conposition into a | am nar shaged PTC el enent }\{ ,
the range of 500 to 700 pum. The n:.ckel foam mate-

rial was rolled down to a volume thickness between

. boundaries of approximately 0.005 inch and cleaned

5 in a solution comprised of 50% HNO, and 50% Acetic
Acid.

The nickel foam electrodes were then affixed
to the top and bottom thick f£ilm ink coated surfac-
es of the polymer PTC sample elements and placed in

10 ‘a hot press which had platés set at a temperature
of 235°C. The temperature of the lamina.te was
monitored until it reached 220°C, at which point a
total pressure of 1200 pounds (300 p.s.i.) was
applied to the laminate for 1 minute. The pressure

15 in the press was then relieved. The laminate was
then exposed to a total pressure of 2500 pounds
(625 p.s.i.) for 5 minutes, while maintaining the
plates of the press at 235°C. The 2 inch x 2 inch
laminate was then removed from the press and al-

20 lowed to cool without further pressure. The lami-
nate was then sheared into a plurality of 0.150
inch x 0.180 inch polymer 'PTC electrical circuit
protection devices. The circuit protection devices

had an average thickness of 0.0193 inch.

27
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10 carried out by commonly known pol yner shapi ng nmet hods, extrusion or
conpression nolding is preferred. The step of heating and applying pressure
to the sandwi ch structure is generally carried out at a pressure of at

| east 689.5 kPa (100 p.s.i.) and a 15 tenperature of at |east 180[err]C

for a period ofyglgméegist 1 mnute.  Preferably, the step of pepisosassand
applying pressure to the coated PTC el enent and el ectrodes is carried out

at a pressure of 2,413 tCoRdudRivePxerttifale dbleads iwereanppdiednper at ure
of 200 to 235[err]C for 20 approximately 3 to 5 mnutes. Excellent
resul ts have been obhai FEF destkars ofiHdie thresandy HIVeRiE ™ gimntPeppl yi ng
pressure is carried out at agﬁroxina elég€201err]c and 2,068 kPa (300
p.s.i.) for 1 minut&3"FePRRY gaﬁﬁé"a’(@ Fet- and then further subjecting

the coated PTC Comparison devices were prepared using the
5 same materials and processes described above,
except that the PTC element was not coated with a
conductive layer. Instead, the nickel foam elec-
trodes were affixed directly to the PTC sample
elements and placed in a hot press which had plates

10 set at a temperature of 235°C. The temperature of
the laminate was monitored until it reached 220°C,

at which point a total pressure of 1200 pounds (300
p.s.i.) was applied to the laminate for 1 minute.

The pressure in the press was then relieved. The

15 laminate was then exposed to a total pressure of
2500 pounds (625 p.s.i.) for 5 minutes, while
maintaining the plates of the press at 235°C. The
laminate was then removed from the press and al-

lowed to cool without further pressure. The lami-

20 nate was then sheared into a plurality of 0.150
inch x 0.180 inch polymer PTC electrical circuit
protection devices. The circuit protection devices

had anﬂaverage thickness of 0.0185 inch. Conduc-

tive terminals or leads were applied to the compar-

25 ison samples in the same manner as in Example 1.
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25 elenent and el ectrodes to 4,309 kPa (625 p.s.i.) at 235[err]C for 5
mnutes. In a preferred enbodi nent, the PTC electrical circuit protection

devices of the present invention include a conductive termnal electrically

connected to 30 the outer surface of each el ectrode. The conducti ve
termnal is cowpagbeesrt0 a source of electrical power, causi neEcTEsgsseemt
flow through the device. The 13 termnals are soldered to the

el ectrodes by applyi ng aThen@lettytcadspeoperties oof echsuillacerbéakach

el ectrode.

The term nals are brought into contact with the

10

circuit protection devices of the present invention
(nickel foam elec;rodes with a polymer based thick
film ink conductive layer) and those of the compar-
ison devices (nickel foam electrodes without a
éonductive layer) were then tested. The tests
consisted of measuring the initial electrical
resistance of the devices at 25°C using an ESI
milliohmeter equipped with Kelvin clip leads. The

results of these tegts are listed in Table 3 below.

TABLE 3
NI FO2M / THICK FILM NI FOAM
INK CONDUCTIVE LAYER
SAMPLE INITIAL INITIAL
NO. RESISTANCE . RESISTANCE
(Ohms) {Olhms}
1 0.1686 0.357%
2 0.1674 0.3509
3 0.1621 0.3859
4 0.1582 0.4213
-1 0.1770 0.4184
[ 0.16195 0.4008
7 0.1647 0.3717
8 0.1882 0.3557
9 0.1546 0.3867
10 0.1492 0.3852
AVERAGE 0.1652 0.3835
MINIMUM 0.31482 ’ 0.3509
MAXIMUM 0.1882 0.4213
EXAMPLE 3
29
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conductive paste and heated so that the conductive paste 5 is in a nolten
state. The nolten paste is then cooled until it solidifies, whereby the
conductive termnals are attached to the el ectrodes of the device. A

sol der preform may be substituted for the conductive paste in the above
described procensesskbsy I n anot her enbodi ment, ter mMppghRoddstze
applied to the outer surface of each electrode. The term nals and the PTC

device are dipped i nto aaf muitbeti of. 2 dntdl ® i20rin¢he @amplecPrce ede-des
from and prevent further oxidation of, fused netals). The PTC devi ce and

termnal s are then Ientd ppre preparedrdnt the szamtemahaeh. as Hisalesede i s

then allowed to cool, whereby the saolder solidifies, attaching the
terminals to the el @ EFaBRIe |4 t e 2piBERsE ek TEFH BITRLE tHE° @31‘?6@6‘Fi ve

paste was dipped in silver flake (Type SF 40 manufactured

by Degussa}.

The electrode material selected was a nickel
foam supplied by Inco Specialty Powder Products.
The nickel foam had an initial wvolume thickness
between boundaries of approximately 0.080 inch.
The density of the supplied nickel foam material
was 600 +/- 50 g/m?, with an average cell size in
the range of 500 to 700 um. The nickel foam mate-
rial was rolled down to a volume thickness between
boundaries of approximately 0.005 inch and cleaned
in a solution comprising 50% HNO; and 50% Acetic
Acid.

The nickel foam electrodes were then affixed
to the top and bottom silver-flake coated surfaces
of the polymer PTC sample elements and placed in a
hot press which had plates set at a temperature of
235°C. The temperature of the laminate was moni-
tored until it reached 220°C, at which point a
total pressure of 1200 pounds (300 p.s.i.) was
applied to the laminate for 1 minute. The pressure
in the press was then relieved. The laminate was

then exposed to a total pressure of 2500 pounds

30
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or the solder preform the device will be exposed to 20 tenperatures of
approximately 280[err] C during the step of heating the conductive paste or
sol der preformto a nolten state. In the process enploying a nolten sol der
bath, the device will be exposed to tenperatures of approximtely
265[err] C. Thergd fiesyt Ne conposition of the 25 conductive | odldecae DE
able to resi st vtﬂ](f'arrpe?sgtures of up to 280[err]C VWil e the nec asni smis

not conpletely undergd0pG;.dti.hs fpl isewdtutds @RIRIGh Mi-A3HikhigCLRE are
| eached fromthe conposition of the conductive |ayers when the conductive

| ayers cannot resi stplatgzercdt thespups80at t235280[ eTheé 2 imh nexulinchs a

device with an initially high electrical resistance,
laminate was then removed from the press and al-
lowed to cool without further pressure. The lami-
nate was then sheared into a plurality of 0.150
inch x 0.180 inch polymer PTC electrical circuit
protection devices. The circuit protection devices
had an average thickness of 0.0180 inch. Conduc-
tive terminals or leads were electrically connected
to the devices in the same manner as in Examples 1
and 2.

The test results of the comparison devices
prepared in Example 2 were used to illustrate the
improved electrical properties of the circuit
protection devices of the present invention pre-
pared in Example 3.

The electrical properties of the eleo_::trical
circuit protection devices of the present invention
(nickel foam electrodes with a silver-flake conduc-
tive layer) and those of the comparison devices
(nickel foam electrodes without a conductive layer)
were then tested. The tests consisted of measuring
the initial electrical resistance of the devices at
25°C using an ESI millichmeter equipped with Kelvin
clip leads. The results of these tests are listed

in Table 4 below.

31
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14 Thus, in a preferred embodi ment the conductive layer conprises CB115, a
pol ymer based thick filmink nmanuf actured by DuPont Electronic Materials
conprising the foll ow ng conposition: 10-15% (by wei ght) diethylene 5

gl ycol nonoethyl ether acetate, 1-5%terpineol, 1-5%n- butanol, and 65-75%
silver. Si ncwgdsbgés7can resi st sol dering tenperatures up topeRBERiosd0

the silver remains in the polynmer based thick filmink conposition. The
result is a device with a low electrical TaBLBtance, i.e., a 10 device

that has an electrical _resistance at 25[err]C of |ess Iess than 1 ohm

referably has an elec r| S Eﬁﬁe 2 er ~0.1 ghmto 0.3 ohm
mea

and nore preferably ha

0.1 ohm

SAMPLE INITIAL INITIAL
NO. RESISTANCE ) RESISTANCER

(Ohms) {ohms)

1 0.2886 0.3579

2 0.2520 0.3509

3 0.2466 0.3859%

4 0.2783 0.4213

5 0.2631 0.4184

6 0.3142 ' 0.4008

7 0.2497 0.3717

8 0.263% 0.3557

9 0.2959 0.3867

10 0.2772 0.3852

AVERAGE 0.2729 0.3835

MINIMOM 0.2466 0.3509

MAXTMOM 0.3141 0.4213

The test results in Tables 2-4 illustrate that
a lower resistant PTC device can be achieved when
practicing the present invention. In addition, the
results in Table 2 illustrate an improved mechani-
cal adhesion between the electrode and the PTC
element when practicing the present invention.

While the specific embodiments have been
illustrated and described, numerous modifications
come to mind without markedly departing from the
spirit of the invention. The scope of protection
is only intended to be limited by the scope of the

accompanying claims.
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In order to indicate nore fully the natmeof this

I nvention, the foll ow ng exanples are s_e, under st ood t hat
t hese exanples are presented as illustra ,I "”H ,mgi !ﬁ not |ntended to
limt the scope of the invention. 15 EXAMPLE 1 wA guawlity of high

density pol yet gy

¢ HDPE) (manufactured by Quantum under t hgcinigdélessanme

Petr ot hene) and carbon bl ack (manufactured by Cabot under the trade 5 nane

BP 160-Beads) was dried by placing it €. anIomes at 100[err] C overnight.

PTC pol ymer conposition was prepared

10

15

20

I claim:
1. An electrical device comprising:

a PTC element .including a polymer with
electrically conductive particles dispersed
therein, said PTC element having first and second
surfaces;

a pair of conductive layers respectively

contacting said first and second surfaces of said

PTC element;

a pair of electrodes, each said electrode
having an inner surface opposite and connected to a
different one of said conductive layers and an
outer surface with a plurality of voids; and,

said outer surface of each said electrode
being connectable to a source of electxrical power,
and when so connected, causing current to flow

through said PTC element.

- 2. An electrical device comprising:
a PTC element composed of a polymer having
electrically conductive particles dispersed
therein, said PTC element having first and second

surfaces;
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usi ng the pol yet hyl ene and carbon ts listed belowin

Table 1. TABLE 1 10 ¢ densij . wei ght wei ght (gni cc)
(% (gm) HDPE - H m “ lﬂg“os 117. 78 (Pet r ot hene
15 LB8520-00) Carbon Black (BP 1 M L.s00 * 35 50.92 122.22
Tot al 1wdhbeos 00 100 240 20 The pol yetingsssmes2anas
placed in a C.W Brabender Plasti-Corder PL 2000 equi pped with a
M xer - Measuri ng Head andaf|paxid af 2@ohdnctré orlaypraoxinespecyi®ely nut es at
5 rpm At this point the polyethylene was in a nolten .
contacting said first and second surfaces of said
PTC element;
a pair of electrodes respectively confronting
5 said conductive layers, each said electrode having
a three-dimensional, initially open cellular
structure characterized by an inner boundary and an
outer boundary, said inner boundaries of said
‘electrodes respectively extending into a different
10 one of said conductive layers; and,
sald outer boundary of each said electrode
being connectable to a source of electrical power,

‘'and when so connected, causing current to flow

through said PTC element.

15 3. An electrical device according to
claims 1 or 2, wherein said polymer comprises a

polyolefin.

4. An electrical device according to

claims 1 or 2, wherein said electrically conductive

20 particles comprise a conductive material selected
from the group consisting of pure metal particles,

metal alloy particles, and carbonaceous particles.
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form The carbon black was then slowy dispersed—+nto 25 the nolten

pol yet hyl ene over a 5 mnute period at 200[err] C at rpm The speed of

t he Brabender m xer was then increasﬁ“‘“ﬁ“ﬁﬂ“ihmﬂﬁlﬁ t he HDPE and car bon
bl ack were thoroughly m xed at 200]e sTTUL €S The energy i nput,
due to the m Xiwgesssastsed t he t enpérature of the 30 conposi t ipRinkos06629

I ncrease to 240[err]C. After allowng the conposition to cool, the

conposi tion was then placed iBt.o aaf. éleBeshealledeGieguacCorddng waere it
was ground into small chips. The chips were then fed into the C W
Brabender Pl asti - Cordbaims Br p0Wheygippeaidi eheahraBas REMPIMSSESE i ng

Head. The extruder was. fitted with a di e having an openi ng of
metal se ecteglI %rom tgxe group onsq.stgng OP nickel,

. copper, zinc, silver, and gold.

5 6. An electrical device according to
claims 1 or 2, wherein said PTC element includes a

non-conductive particulate filler.

7. An electrical device according to
claim 3, wherein said polyolefin comprises

10 polyethylene.
8. An electrical device according to

claim 4, wherein said conductive particles comprise

carbon black.

9. An electrical device according to
15 claim 6, wherein said non-conductive filler

comprises fumed silica.

10. An electrical device according to
claim 2, wherein the distance between said inner
boundary and said outer boundary of each said

20 electrode is less than 0.010 inch.
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16 0.0508 mm (0.002 inch), and the belt speed of the extruder was set at 2.
The tenperature of the extruder was and the screw speed
of the extruder was neasured at 50 rﬁm"ﬁlmmﬁﬂﬂmme extruded into a
sheet 5 approximately 50.8 nmwi de by 2 438 Meté&rs*long (2.0 inches wi de
by 8 feet | ongwoosddess sheet was then cut into a nunber of SOpdrnusosiess0. 8
mm (2 inch X 2 inch) sanple PTC el enents, and pre-pressed at 200[err]Cto
a thickness of approximately @1254ammeléc@iidaichdevi€e according #o pol yner

based thick film ink (CB115 manufactured by DuPont Electragnic
Mat erial s) was then clggm & tdherpint §pidndisfAnsinkgivesfe £33 £RABE50. 8 nm x

50.8 mm (2 inch x Zlalor&%@a&()lgn@r sgnl: &4 elre gé&rqganf'f "of each said

electrode is 0.003 to 0.008 inch.

s 12. 2An electrical device according to
claims 1 or 2, wherein said PTC element is less

than 0.03 inch thick.

13. An electrical device according to
claims 1 or 2, wherein said PTC element is less

10 than 0.02 inch thick.

14. An electrical device according to
claims 1 or 2, wherein said. PTC element has a

resistivity at 25°C of less than 5 ohm cm.

15. An electrical device according to
15 claime "1 or 2, wherein said PTC element has a

resistivity at 25°C of less than 1 ohm cm.
16. An electrical device according to

claims 1 or 2, wherein said PTC element has a

resistivity at 25°C of less than 0.8 ohm cm.
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The el ectrode material selected mas—m‘ﬁmmmoth (No. 9224T39,
distributed by McMaster-Carr). The W ode material had 39. 37
x 39.37 nesh per linear cm (100 x: 1ﬁm gmc“uumﬁﬂlnr inch), awre

di aneter of 0.1143 nm (0.0045 inch), ‘&ndc a wm dt hSopeni ng of 0..1524. nm

(0.006 inch). wohesémrpper wire cloth was .20 then plated w t hecanissenésasi ng
conventional el ectrolysis nethods. The silver-plated copper wire

el ectrodes neasured approxi matgl.y fnleléchri¢dl Odévioehpctbrding The

el ectrodes were then affixed to the top and bottomthick filmink coated
surfaces of the pol yAsimra oxndl ehezeis eatdtdevine PRECRF9ISLSEaMG® press
for approximately four mnutes.at 2 758 kPa (400 p.s.i.) and 230[err]C.
The 50.8 mm x 50.8 iy (P TNGF 1288 1Ry a‘ﬁi“ﬁat ed sheet was then renoved
fromthe press and allowed to cool wthout

18. An electrical device according to
5 claims 1 or 2, wherein said device has a resistance

at 25°C of 0.1 ohm to 0.3 ohm.

19. An electrical device according to
claims 1 or 2, wherein said device has a resistance

at 25°C of less than 0.1 ohm.

10 20. An electrical device accofding' to
claims 1 or 2, wherein said pair of conductive

layers comprise a conductive polymer.

21. An electrical device according to
claim 20, wherein said conductive polymer comprises

15 silver.

22. An electrical device according to
claims 1 or 2, wherein said pair of conductive
layer comprises metal particles selected from the
group consisting of silver, nickel, copper,

20 platinum, and gold.
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further pressure. The | am nated sheet was then—sheared 30 into a plurality
of 3.81 mmx. 4.572 mm (0.150 inch x 0.180 inch) _ pol Fe PTC el ectri cal
LA

circuit protection 17 devi ces. ;mmm “ on devices had an
aver age thickness of 0.4445 mm (0.01 e termnals or |eads

were attached o dehgesgievi ces in the fol I owing manner: (1) terpcakssmeese 5
applied to the outer surface of each electrode; (2) the termnals and the
PTC devi ce were dipped into a28lLuxafi eaeptaisaluﬁievhcesed:mdﬁ.ago\np oxi des
from and prevent further oxidation of, fused netals); (3) the termnals
claims 1 or 2, wherein said electrodes comprise

metal foam.

24. An electrical device according to
5 claimg 1 or 2, wherein said pair of conductive

layers can resist temperatures ﬁp to 280°C.

25. An electrical device comprising:
a PTC element including a polymer with
electrically conductive particles dispersed
10 therein, said PTC element having first and second
surfaces and a resistivity at 25°C of less than 5
ohm cm;
a pair of conductive thick film ink layers
respectively contacting said £first and second
15 surfaces of said PTC element, each -of said
conductive thick £ilm ink layers being able to
resist temperatures up to 280°C;
a pair of electrodes, each said electrode
having an inner surface opposite and connected to a
20 different one of said ink layers and an outer

surface with a plurality of voids;
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and the PTC device were dipped into » 10 and, (4) the

termnals and the PTC device were renoved from r bath and al | owed
to cool, whereby the sol der solidified, “MH“EQW&!@ r‘g the termnals to

t he el ectrodes of the device. Cbnparls repared using-the

- sanme 15 nmat er{@logs@esl Processes descri bed above, except t hatpdrosedbbé2s

el ement was not coated with a conductive |ayer. Instead, the silver-plated
copper wire cloth el ectreded veitemf buxtaceali oEctdach osahd EIEcsznpée

el enents and then placed in a hot press for approximately four mnutes at
20 2,759 kPa (400 peeding. rFomngch r‘?cj@ sopgpge | o HEREF 199de POWRE: t hen

rennved fromthe press._and al |l owed t 0 wi_t hout furthe% pres§xo The
| ami nat ed sheet was 3en"R$RaPfLd ‘?‘?ﬂnt?c %I’uﬁfl“\sll?gofc‘?ré?f o ¥72 mm
(0.150

through said PTC element; and,
5 said electrical device having an initial

registance at 25°C of less than 1.0 ohm.

26. An electrical device comprising:
a PTC element including a  polymer with
electrically conductive particles dispersed
10 therein, said PTC element having first and second
surfaces and a resistivity at 25°C of less than 5
ohm cm;
a pair of conductive thick £film ink layers
respectively contacting said first and second
15 surfaces of said PTC element, said conductive thick
film ink layers being able to resist temperatures
up to 280°C;
a pair of electrodes respectively éonfronting
said ink layers, each said electrode having a
20 three-dimensiocnal, initially open cellular
structure characterized by an inner boundary
extending into said PTC element through the

adjacent ink layer and an outer boundary;
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inch x 0.180 inch) polyner PTC electrical circuit 25 protection devices.
The conparison devices had an average thickness of 04245 nm (0. 0145 inch).
Termnals were applied to the conparl same nmanner as they
were applied to the devices of the pr m}m] m"m; [Ii Exanple 1. 30

The el ectri cal wyyisp@ehani cal properties o em eleClli cal ci perudesnss29

protection devices of the present invention (vmre cloth electrodes with a

conductive |ayer) 18 apdd thesr Wiundaiy oFOMgaH Selectimdecdseingwi r e
cloth el ectrodes without a conductive |ayer) were then tested.
connectable to - -a source of electrical power, and

when so connected, causing current to flow through
said PTC element; and,
5 said electrical device having an initial

.resistance at 25°C of léss than 1.0 ohm.

27. An electrical device comprising:
a PTC element iﬁcluding a polymer with
electrically conductive particles dispersed
10 thérein, said PTC element having first and second
surfaces and a resistivity at 25°C of less than 5
ohm cm;
a pair of conductive layers respectively
contacting said first and second surfaces of said
15 PTC element, each of said conductive layers
comprises metal particles selected from the group
consisting of silver, nickel, copper, platinum,'and
gold;
a pair of electrodes respectively confronting
20 said conductive layers, each said electrode having
a three-dimensional, initially open cellular
structure characterized by an inner boundary and an
outer boundary, said inner boundary of each said
electroée in physical contact with a different one

25 of said conductive layers;
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These tests consisted of nmeasuring the initial electrical resistance of the

devices at 25[err]Cwith an ESI 5 mlui,ﬂmH dwith Kelvinclip
| eads. The el ectrode adhesion of th ﬂmmgf! ﬂ’mgured using a
tensile tester with a digital readout (nanufaétureds cott, WMbdel

CRE/ 500). The wosaeise | ncl uded: 1) Positioning the I eads soptlmodoeissze

they are axial to the body of the device; 2) Insert one lead in
~pneumatically cont roll ed gaid; odreknsantfacppasi t eabbadsd i maheet rdie
vise type jaw,” 4) Set tensile tester at: a) Tension (Pull),

" being connectable to a source of e ectrical power,
and when so connected, causing current to flow
through said PTC element; and,

5 said electrical device having an initial

resistance at 25°C of less than 1.0 ohm.

28. A method of making an electrical
device comprising:
providing a laminar shaped PTC element having
10 first and second surfaces, said PTC element
including a polymer with conductive particles
dispersed. therein;
coating said first surface of said PTC element
with a conductive layer;
15 coating said second surface 6f said PTC -
element with a conductive layer;
bringing said first coated surface of said
laminar shaped PTC element into contact with a
first electrode, said electrode having an inner
20 surface and an outer surface with a plurality of

voids;

- "
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b) 12.7 miMN (0.5 INMN) Pull Speed, c) 5% Load (11.35 kg (25 Ibs.) 20
maxi mun); 5) Set Recorder at: a) 5% FulT LCoad (I1.35 kg (25 Ibs.) maximun),

b) Pen wite on, 25 ) Push "UP" button
and allow to run until separation is m"| 3I ﬁulm“ ul | (kgs) (I'bs.) will
regi ster on thgfRpessger- 30 The resu L tRese tests are popiossénsde

Tabl e 2 bel ow.

bringing said second coated surface of said
laminar shaped PTC element into contact with a
second electrode, said electrode having an inner
surface and .an outer surface with a plurality of

5 voids;

heating and applying pressure to said PTC
element and said electrodes to form a laminate;
and,

forming said laminate into a plurality of PTC '

10 electrical devices.

29. A method according to claim 28,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried
out at a pressure of at least 100 p.s.i and a

15 temperature of at least 180°C.

30. A method according to claim 28,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried
out at a pressure of 350 to 450 p.s.i and a

20 temperature of 200 to 235°C.
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19 TABLE 2 MESH
PULL
TEST
(Chs)

cororo

6351
2247
6351
0433
5443
1847

/THIG(FILMINKCOVW I NI TI AL

| NI TI AL PULL RESI STANCE

RESI STANCE \\M‘\H“H‘\‘ “ \“\ kgs (Ilbs.)

kgs (Ibs.) 10 0. 1870

(1.40) wéssdebds *0. 3082 (0.90) 2 PCI/US96HEEH
(2.70)  0.3542 0.3175 (0.70) 3 0. 1924
(1.40)  0.3393 31. A metRod44dcordifly 4o claim 20,1991
(2.30) 0.2941 0.5443 (1.20) 5 0.1938
(1.20) 0. 38gdherein the step of hepatizg @@66@pplsing pressgre

10

15

20

. 7938 75 3001 990 0
0 7to sg %C element and said electrodes is ré é')

out for at least 1 minute.

32. A method according to claim 30,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried

. out for 3 to 5 minutes.

33. A method according to claim 28,
wherein the step of heating and applying pressure
is carried out at 220°C and 300 p.s.i. for 1
minute, the pressure is then relieved, Dbefore

exerting 625 p.s.i. at 235°C for 5 minutes.

34. A method according to claim 28,
wherein the step of providing a laminar shaped PTC
element includes:

dispereihg conductive particles into a polymer
to form a polymer PTC composition;
extruding said PTC composition to form said

laminar shaped PTC element.
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7
(1.10) 8

0. 1927

0.4990 (1.10) 9

0.3402 (0.75) 10
0.567 (1.25)
0.4944 (1.09) 25

0. 2879

(2.70)  0.3542

50.8 mm x 50.8 mm (2Eumche 2comenisisgnpl

sanme manner as disclosed in Exanpl.e 1. A pol based t hick
RRA SR 425 P BIBGHL Ve VER orifis)o

t he 35
filmink
applied to

( CB115,

10

15

20

0.9072_(2.00) 0. 2887 0. 4990

0. 1829 0. 7258 (1.60) 0. 3354

0. 2014 75 0. 3007
o.18s0 |l llllﬂ’lﬂﬁﬂﬂlsﬁ i 33» 0. 2879
GE 0.1 " "C. 8346 (1.84) pchudiRdes
M NI MUM 0. 1809 0 5443 (1.20)
0. 31735.0. 20) méthddVUbkbcordiflg 2@d claim 28, 1.2247
0. 72581-39 60) 30 EXAMPLE 2 A nunber of
ep

T@@semis edectpiaaddived in
OUREE t hen

surface of each said electrode.

36. A method according to claim 35,
wherein said step of electrically connecting a
conductive terminal to said outer surface of each
said electrode includes:
applying conducti\}e paste to the outer surface
of each said electrode;

bringing said conductive terminals into

" contact with said conductive paste;

heating said conductive paste to a molten
state; and,

cooling ‘said molten paste so that said molten
paste solidifies, whereby said conductive terminals
are attached to said electrodes of said electrical

device.

37. A method according to claim 35,

wherein said step of electrically connecting a

conductive terminal to said outer surface of each
said electrode includes:

bringing a solder preform into contact with

the outer surface of each said electrode;
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the top and bottom surfaces of the 50.8 mm x 50.8 nm (2 inch x 2 inch)
el enents 40 or 20 m nutes at

pol ymer PTC sanpl e
120[err]C. The el ec
Inco Specialty Powd

t hi ckness bet wgg®wshgpgndari es of approx

i nch). The density
g/merr], wth an
[err]m The nickel

10

trode material select ' f oam suppl i ed by
er Products. The ni q@ m@gmglﬁ “‘ nitial volume
i "Y'L2.

s mm 45 PCT/US96/46829080

of the supplied nickel foammaterial was 600

+/ -

2Bringimyge sald scosductive rbegeinglss00into 700

foam material was rolled down to a
contact with said solder preforms;

heating said solder preforms to a molten
state; and,

cooling said molten solder preform so that
said molten solder preform solidifies, whereby said
conductive terminals are attached to said

electrodes of said electrical device.

38. A wethod according to c¢laim 35,
wherein said step of electrically comnecting a
conductive terminal to said outer surface of each
said electrode includes:

applying terminals to said outer surface of

.each said electrode;

15

20

dipping said device and said terminals into a
flux to remove any oxides from said terminals and
said electrodes;

dipping said device and said terminals into a

molten solder bath;

removing said device and said terminals from

said solder bath and allowing said solder to
solidify, thus connecting said terminals to said

electrodes.
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volume  thickness bet ween boundari-es—of—approxi matel y 0.127 mm
(0.005 inch) and cleaned 5 in a soluti ed of 50% HN( err] and
50% Acetic Acid. The nickel foam el ﬁm m mﬁﬁﬂw !ﬁn affixed to the top
~and bottomthick filmink coated su ymer PTC sanple

-~ elements and 1Q,09¢3eid7aced in a hot press Wwhi ch had pl at es sepCPUSHH6629

tenperature of 235[err]C. The tenperature of the | am nate was nonitored
until it reached 220[err]C, asswhiahmethotl sof ohaking essureledtBiaal32 kgs
(1200 pounds) (2,068 kPa (300 p.s.i.)) was applied to 15 the | am nate

for 1 mnute. The pﬂ@mﬂéomnrﬂ-ﬁenﬁress was then relieved. The [am nate

was then exposed to a. tot al vgagrslsurelaminar Ahapga %éoglement having’

first and second surfaces, said PTC element
5 including a polymer with conductive particles
dispersed therein;
coating said first surface of said PTC element
with a conductive layer;
coating said second surface of said PTC
10 element with a conductive layer;
bringing said first coated surface of said
laminar shaped PTC element into contact with a
first electrode and bringing said second coated
surface of said laminar shaped PTC element into
15 contact with a second electrode, said electrodes
having a three-dimensional, initially open cellular
structure characterized by an inner boundary and an
outer boundary;
heating and applying pressure to said PTC
20 element and said electrodes to form a laminate
where said inner boundaries of said electrodeé are
in physical contact with said respective first and
second surfaces of said PTC element; and,
forming said laminate into a plurality of PTC

25 electrical devices.
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pounds) (4,309 kPa (625 p.s.i.)) for 5 mnutes, while nmaintaining the

pl ates of the press at 20 235[ erri€ The 50.8 mm x 50.8 mm (2 inch x 2
inch) Iam nate was then renoved fromt owed to cool

wi t hout further pressure. The | am nait]ilﬂ!ﬁm m‘im“ dinto a plurality
of 3.81 nm (0. yefdehépsh X 0.180 inch) pol * el ectroTmsb6/06629r cui t
protection devices. The circuit protection devices had an average

t hi ckness of 0.4902 nmm (0. 01980i nch) me€baducidoredisgni htal slavin e3Rs were
applied to the PTC devices of the present invention in t he sane

manner as in Exanpl @hﬁre@nrﬁﬁﬂ%ohawl’ce%hm B't['gpfrléﬂl%l % R* sane
materi als and processles descil bed, ac:.vfty at 25°C of less than 5 ohm

ectrical resis

) cm.

5 41. A method according to claim 39,
wherein said lam:inar shaped PTC element has_ an
electrical resistivity at 25°C of less than 1 ohm

cm.

42, A method according to claim 39,
10 wherein said laminar shaped PTC element has an
electrical resistivity at 25°C of less than 0.8 ohm

cm.

43. A method according to claim 39,

wherein the step of heating and applying pressure

15 to said PTC element and said electrodes is carried
out at a pressure of at least 100 p.s.i and a

temperature of at least 180°C.

44. A method according to c¢laim 39,

wherein the step of heating and applying pressure

20 to said PTC element and said electrodes is carried
out at a pressure of 350 to 450 p.s.i and a

temperature of 200 to 235°C.
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except that the PTC el enent was not coat ductive | ayer.
| nstead, the nickel foam el ectrodes were affixed directl ﬁt o the PTC sanple

el enents and placed in a hot press which um“E mr“u “Imu a tenperature of
235[err]C. The 5 tenperature of the |

ored until it
reached 220[ er idos8bs7\hi ch point a total preSsur e "of * 544, 32 pckaiSo6nlsgad00
pounds) 2,068 kPa (300 p.s.i.) was applied to the lamnate for 1 mnute.
The pressure in the press was 4shenar aehetdusil. atkerding td aclaime 48s t hen
exposed to a total pressure of

wherein the step of heating and applying pressure

to said PTC element and said electrodes is carried

out for at least 1 minute.

5 46. A method according to claim 44,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried

out for 3 to 5 minutes.

47. A wethod according to claim 39,

10 wherein the step of heating and applying pressure
is carried out at 220°C and 300 p.s.i. for 1
minute, the pressure is then relieved, before

exerting 625 p.s.i. at 235°C for 5 minutes.

45. A method according to claim 39,
15 wherein the step of providing a laminar shaped PTC
element includes:
dispersing conductive particles into a polymer
to form a polymer PTC composition;
| extruding said PTC composition to form said

20 laminar shaped PTC element.
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1, 134 kgs (2500 pounds) 4,309 kPa (625 p.s.i.) for 5 mnutes, while

mai ntai ning the plates of the press at 235 err]C The | am nate was then
renoved from the press and allowed i t hout further
pressure. The |am nate was then shearlmllll(rmml“ﬁllll"m ty of 3.81 mm x
4.572 mm (0. 15Q,gdgibess 0. 180 i nch) pol yner PIC el ectr+ cal ci rpciss06629
protection devices. The <circuit protection devices had an average

t hi ckness of 20 0. 4699 nm4(sQ. 0A8Smetiicid) . acConding i @ t etaimalB.or | eads
were applied to the conparison sanples in the same nmanner_as in Exanple 1.
The el ectrical propefurthenf cemorisdegr i &die ciF @R t F ot BLFIL @ ces of

the present 25 © invention {miokel {925e! SALLAYST YEd M B1BOINERL

. surface of each said electrode.

5 50. A method according to claim 49,
wherein said step of electfically connecting a
conductive terminal to said outer surface of each
said electrode includes:

applying conductive paste to the outer surface
10 of each said electrode;
bringing said conductive terminals into
contact with said conductive paste;
heating said conductive paste to a molten
state; and,

15 cooling said molten paste so that said molten
paste solidifies, whereby said conductive terminals
are attached to said electrodes of said electrical

device.

51. A method according to claim 49,
20 wherein said step of electrically connecting a
conductive terminal to said outer surface of each

said electrode includes:
bringing a solder préform into contact with

the outer surface of each said electrode;
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based thick filmink conductive layer) and those of the conparison devices
(nickel foam el ectrodes w thout a conducyy n then tested. The
tests consisted of neasuring the initial m“‘" ““m‘ Mﬂ | resistance of
the devices at 25[err]C using an ESI mill=oheeter "eqdi pped with Kelvin clip
| eads. The r @wdeisgespf these tests are listed in Tabl e 3 bel pea/UsIcoa29
TABLE 3 NI FOAM / THI CK FI LM NI FOAM | NK CONDUCTI VE LAYER
bringing said conductive terminals into
contact with said solder preforms;
heating said solder preforms to a molten
state; and,
5 cooling said molten solder preform so that
said molten solder preform solidifies, whereby said

conductive terminals are attached to said

electrodes of said electrical device.

52. A method according to claim 489,

10 wherein said step of electrically connecting a
conductive terminal to said outer surface of each
said electrode includes:

applying terminals to said outer surface of
each said electrode;

15 dipping said device and said terminals into a
flux to remove any oxides from said terminals and
said electrodes;

dipping said device and said terminals into a
molten solder bath;

20 removing said device and said terminals from
said solder bath and allowing said solder to
solidify, thus connecting said terminals to said

electrodes.

-
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5 SAMPLE | NI TI AL I NI TI AL_NQ————RESFS'I—AN”

RES| STANCE ( Ohms) ms) 10 1 0. 3579
(2). 38590211674 0. 1582 > 3509 (1)5421 “m\““““ﬁ\l\i@m\ roat 0.4184

6 0.1619 wo 9636057 0.4008 7 0 1647 PCOUS6DF220
8 0. 1882 0.3557 9 0. 1546 0. 3867 10
0. 1492 0. 3852 53. A method according to c¢laim 39,

wherein said electrical device has a resistance at

25°C of less than 1 ohm.

54. A method according to claim 329,
5 wherein said electrical device has a resistance at

25°C of 0.1 ohm to 0.3 ohm.

55. A method according to c¢laim 39,
wherein said electrical device has a resistance at .

25°C of less than 0.1 ohm.

10 ' 56. The device of claimes 1 or 2 whexrein
each of said electrodes has an outermost connector
material-receiving cellular region which is adapted
to receive a hardenable connector material for

connecting the electrodes to an external circuit.

15 57. The device of claims 1 or 2 wherein
each of said electrodes has cellular central and
innermost zones whose cells contain respectively
some of the material forming the adjacent portions

of the adjacent conductive layer and PTC element.

is Sheet Has Been Replaced
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25 AVERACGE 0. 1652 0. 3835 M NMOM 01492 0. 3509

3 0 MAXIMUM 0. 1882 0.42 nunber of 50.8 mm x
50.8 (2 inch X 2 inch) sanple PTC eIe ﬁgﬁ%d in the sane 40
manner as di sclosed in Exanple 1. (2 inch x 2 inch)
sanpl e PTC el efpnkséygs di pped in si I ver flake (Type SF 40 marRCTARIGPESE by
Degussa). The el ectrode naterial selected was a nickel 45 f oam suppl i ed
by Inco SpeC|aIty Powder Prodsgts.The wmethod of claims 28 or 35

wherein said electrodes have outermost connector

material-receiving cellular regions which are

adapted to receive a hardenable connector material

5 for connecting the electrodes to an external

circuit.

59. The method of claims 28 or 39
wherein said electrodes have cellular central and
innermost zones whose cells contain respectively

10 some of the material forming the adjacent portions

of the adjacent conductive layer and PTC element.

"Ml il i
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The ni ckel foam had an initial volunme thickness between boundaries of
approximately 2.032 mm (0.080 inch). The density of the supplied nickel
foammaterial was 600 +/- 50 g/nmferr], wth an 50 aver age cell
size in the range of 500 to 700 [err]m The nickel foammaterial was rolled
down t o a REPL&g9dasis7SHEET 23 vol une t hi ckness bet weepcTruSssmesar i es
of approximately 0.127 nm (0.005 inch) and cleaned in a solution conprising
50% HN([ err] and 50% Acetic Acid.

1/3
. FIG. |
N .
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2
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5 The nickel foam el ectrodes were then affixed to the top and
bottom silver-flake coated surfaces of the polynmer PTC sanple el enents and
pl aced in a hot press which had plates set at a tenperature of 235[err]C
The tenperature of the 10 | am nate was nonitored until it reached
220[err] C, at \Waedhetydi Nt a total pressure of 544.32 (1200 pegiyesdenss2d68
kPa (300 p.s.i.) was applied to the lamnate for I mnute. The pressure in
the press was then relieved. The |am nate was then exposed 15 to a
total pressure of 1,134 kgs (2500 pounds) 4,309 kPa (625 p.s.i.) for 5

m nutes, while maintaining the plates of the press at 235 err]C. The 50.8
mm x 50.8 mm (2 inch x 2 inch) |am gage was then renoved fromthe press and
allowed to

‘ FIG. 4 ,,,

i
( " Zones
u
o

Q. *h
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20 cool without further pressure. The |am nate was then sheared into a
plurality of 3.81 mmx 4.572 mm (0. 150 inch x 0.180 inch) polynmer PTC
electrical <circuit protection devices. The circuit protection
devices had an average 25 t hi ckness of 0.4572 mm (0.0180 inch).
Conductive ter gasdsso’ | €ads were electrically connected to pOPUsks0s6es in
the same manner as in Exanples 1 and 2. The test results of the conparison
devi ces 30 prepared in Exanple 2 were used to illustrate the inproved
el ectrical properties of the circuit protection devices of the present

i nvention prepared in Exanple 3. REPLACEMENT SHEET

3/3
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245 The gl ectri cal

of the present

conducti ve

Ve
‘:l 1] "..

semf  5/13/97 2:54pm (21406}

propertles of the electrical circuit, protectlon devi ces

i nvention (nickel foam el ectrodes with . S|Iver- flake -

| ayer) and those of the 5 | conparison deV|ces (nlckel
foam electrodes without a conductive |ayer) were then tested. The tests
consi sted of neasuring the initial electrical resistance of the devices at
25[err]C using an ESI mlliohneter equipped With Kelvin 10 clip | eads.
The results of these tests are listed in Table 4 bel ow. .

10

15

20

25

PTC CIRCUIT PROTECTION DEVICE
AND MANUFACTURING PROCESS FOR SAME

DESCRIPTION

T_e_c_l'n_l_l_c.:_aLF_lgid
The present invention relates to polymer PTC
electrical circuit protection devices and methods for
producing them. i |
Background of the Invention
. It is well known that the resistivity of many
conductive _materials change with temperature.

Resistivity of a positive température coefficient (PTC)

‘conductive material increases as the temperature of the

material increases. Many crystalline polYmers; made
electrically conductive by dispersing conductive fillers.

‘therein, exhibit this PTC effect. These polymers

generally include polyolefins such as polyethylene,
polypropylene and ethylene/propylene copolymers. At
temperatures below a certain value, i.e., the crltlcal or

trip temperature, the polymer exhibits a relatively low,

constant resistivity. However, as the temperature of the
polymer increases beyond this point, the resistivity of
the polymer shafply increases. Devices exhibiting PTC
behavior have been used as over-current protection in
electrical circuits comprising a power source and
additional electrlcal components in series. Under normal
operating condltlons in the electrical circuit, the
resistance of the load and the PTC device is such that
relatively li;tle current flows through the PTC device.
Thus, the temperature of the device (due to I’R Heating)
remains below the critical or trip temperature. If the
load is short circuited or the circuit experiences a

power surge, the current flowing through the PTC device

"\“OED S“EE‘
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TABLE 4,15 NI FOAM / SI LVER NI FOAM FLAKE CONDUCTIVE LAYER

20 SAMPLE | NI TI AL I NI TI AL NQ.": RESISIANCE
RESI STANCE ( Chrrs) . (Chms) 25 Y] °0.2886 ;
0.3579 2 0. 2520 0.3509 3 . 0.2466 o, 3859 4
0.2783 0.4213 5 0.2631 2 0.4184 30 6

| 8.3;3% . 0. 4008 7 0.2497 0.3717 8 0. 2639

 increases and its temperature (due to IR heating) rises
rapidly to its critical temperature. As a result, the
resistance of the PTC device greatly increases. At this
point, a great deal of power is dissipated in the PTC

5 -device. This power dissipation only occurs for a short
period of time'(fraction of a second), however, because
the power disSipation will :aise'the temperature of the
PTC device to a value where the resistance of the PTC
device has become so high, that the original current is

10 limited to a negligible value. This new éurrent value is
enough to maintain the PTC device at a new, high

- temperature/high resistance equilibrium point This
‘negligible or trickle through current value w1ll not
damage the electrlcal ‘components which are connected in’

15 series with the PTC device. Thus, the PTC device acts as’
a form of a fuse, reducing the current flow through the
short circuit load to a safe, low value when the PTC
device is heated to the critical temperature range. Upon
interrupting the current in the circuit, or removing the

20 condition responsible for the short circuit (or power
surge), the PTC device will cool down below its critical
temperature to its normal operating, low resistance
state. The effect is a resettable, electrical circuit
protection device. _

25 Polymer PTC electrical circuit protection
dev1ces are well known in the industry. Conventional
polymer PTC electrical devices include a PTC element
interposed between a pair of electrodes. The electrodes
can be connected to a source of power, thus, causing

30 electrical current to flow through the PTC element. The
PTC element generally comprises a particulate conductive
filler which is dispersed in an organic polymer.

~ Materials previously used for electrodes include wire

REPLAC‘ME'@T 3"53 hefZHDED SHEET
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9 " 0.2959
0.2729
0.3141

0.3867 10  0.2772. .

0. 3835 40

0.4213 45 The test

M Nl MUM 0. 2465

. .. 0.3852 35 AVERAGE
I 7. :0.3509 MAXI MUM

results in Tabl es 2-4 illustrate that a

| ower resistant PTC device can be achi eved when pract|C|ng the present

i nventi on.

I n additi on,

| mproved nechani cal adhem
when practicing the present

P

5

10

15

20

25

30

mesh or screen,

the results in Tabld 2 illustrate an 50

on between the electrode and the PTC el enent

i nventi on.

solid and stranded wires, smooth and

microrough metal foils, perforated metal sheets, expanded

metal, and porous metals.
For example, U.S. Patent No. 3,351,882 (Kohler
-et al.) discloses a resistive element composed of a

polymer having conductive particles dispersed therein and
of meshed construction embedded in the

electrodes

polymer.
Kohler et

The mesh_constructed electrodes disclosed in

al. are in the form of spaced-apart small

wires, wire mesh or wire screening, and a perforated

sheet of

metal. Generally,

electrodes of this type

result in a PTC device with a high initial resistance
even when the resistivity of the conductive polymer is
addition, the ‘use of mesh electrodes with

low. In

polymer PTC devices are susceptlble to the formation of

electrical stress concentratlons, i.e., hot-spots, which
can lead to subpar electrical performance, or even

failure of the device.

Moreover, conductive terminals

which in turn are connected to a power source causing
current to flow through the device are difficult to
connect to mesh electrodes such as those disclosed in

Kohler et

al.
Japanese Kokai No.

5-108502 discloses an

electrical circuit protection device comprising a polymer
PTC element and electrodes of a porous metal material.

However,

eléctrodes of this

type also . present

difficulties when connecting conductive terminals to the
porous electrodes, resulting in initially high resistant

devices.

laminate.

U.S. Patent No. 4,330,704, issued to Jensen,
discloses an electrical device comprised of a seven layer
A PTC element has a conductive polymer layer

E-I:.
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!
25'CLAIMS | CLAIM 1. An electrical deV|ceaconpr|5|ng a PTC_ el enment
including a polyner with electrically conductive partlcles dlspersed

therein, said PTC el ement having first and second 5.:. .. surfaces! a pair of
conductlve | ayers respectively contacting said first "and second surfaces of
said PTC el enent; a pair of electrodes, each‘%ald el ectrode 10 conposed’

of a single structure havi ng an i nner

applied to top and bottom surfaces. Aluminum mesh
electrodes are applied to the outer surfaces of the
conductive polYmer layers. An insulating layer covers
the outer surface of the aluminum mesh electrodes. An
5 .electrical connection means comprised of conductive
 members and conductive filament members is embedded in
the insulating laYers The electrical connection means
prov1des a conductive surface for securing an electrlcal
lead to the device.

10 Summary of the Invention

_ Accordingly[ it is an object of the present
e . invention to provide an electr1cal device w1th improved
physical contact between the electrode and the PTC

element without sacrificing the electrical performance of

15 the device.

It is also an object of the present invention
to provide an electrical device which can be connected to
conductive terminals without producing an electrical
device with an initially high electrical resistance.

20 _ InIOne aspect the present invention provides an
electrical device comprising a PTC element including a
polymer with electrically conductive particles dispersed
therein. The PTC element has first and second opposed

S surfaces with a conductive layer contacting the first and
; 25 second opposed surfeces of the PTC element. A pair of
electrodes, each said electrode having an inner surface

and outer surface with a plurality of voids, are affixed

to the opposing surfaces of the PTC element. The outer

surface of each electrode can be connected to a source of

30 electrical power, causing current to flow through the PTC

" element.

REPLACEMENT SHEST
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surface :extendi ng through one of said conductive |ayers.so that said inner
surface is in direct physical contact with sai-d PTC &l ement —and an olter
swface with a plurality of voids; and, 15 - a.portion of ‘said outer
surface of each said el ectrode proj ecting outwardly from each
conductive layer, respectively, so as to be connect able to a source of

el ectrical power, and when so connected, causing current to flow 20

t hrough said PTC el enent. 2. An electrical device conprising: a PTC

el ement Conpqsed of a p0|yh?ﬁ1h%¥i%%cond 'aspect the present invention
. provides an electrical device compriéing a PTC element
composed of a polymer haVing electrically conductive
particles dispersea therein. The PTC element has first

5 .and second opposed surfaces with a conductive layer
contacting the first and second opposed surfaces of the

PTC element. A pair of electrodes, each said electrode
having a thtee-dimenéional, initially open cellular
structure characterized by an inner boundary and an outer

10 . boundary, are affixed to the first and second opposed
surfaces of the PTC element. The outer boundary of each

o said electrode can be connected to a source of electrical

power, causing current to flow through said PTC element.

In a ;hird aspect the present inVéntion

15 provides a method of making an electrical device:
- comprising providing a laminar shaped PTC element having
first and second surfaces. The PTC element includes a
polymer with conduqtive particles dispersed therein. The
first and second surfaces of the PTC element are coated

20 with a conductive layer. The first coated surface of the
laminar shaped PTC element is brought into contact with

a first electrode, said electrode having an inner surface

and an outer surface with a plurality of voids. The
second coated surface of the laminar shaped PTC element

25 . is brought into contact with a second electrode, said
electrode having an inner surface and an outer surface
with a plurality of voids. Heat and pressure are applied
to the coated PTC element and the electrodes to form a
laminate. The laminate is then further formed into a

30 plurality of PTC electrical devices.’ -_

' 'In yet another aspect the present invention
provides a method of making an electrical device

| | AMENDED SHEET



{ : : : : : :
electrically conductive particles dispersed therein, .said PTC el enent

having first and second 5 surfaces; a pai’r .of codductive layers: :
respectively contacting said first and second surfaces .of "said PTC élenment;
a pair of el ectrodes respectively 10 confronting said

conductive layers, each said electrode havindsa t hr ee- di nensi onal , B
initially open cellular structure characterized by an inner boundary and a
out er boundary, said inner boundaries of said electrodes respectively

18 o1 Xt enIL g a3 (gIMG) XEILAYRLS bikesobc el ik 1AR
- first and second surfaces. The PTC elemert includes a
polymer with conductive particles dispersed therein. The
first and second surfaces of the PTC element are coated
5 .with a conductive‘layer. The first coated surface of the
laminar shaped PTC element is brought into contact with
a first electrode and the second coated surface of.the

laminar shaped PTC element is brought into contact with .-
a second electrode. The electrodes have a three-
10 dimensional, initially open cellular structure
. characterized by an inner boundary and an outer boundary.
éiﬂ - ' Heat and pressure are'applied to the coated PTC element
| and the electrodes to form a laminate. The laminate-is
then further formed into a plurality of PTC electrical

15- devices. '

Other advantages and aspects of the present
inventionwill become apparent.upon reading the following
description of the drawings and detailed description of
the invention.:

20 Brief Description of the Drawings

FIG. 1 is a perspective view of an electrical
circuit protection device according to the present
invention. |

= FIG. 2 is a perspéctive view of an electrical

LTy

25 circuit protection device according to a first embodiment
of the present invention.
FIG. 3 is a cross-sectional view of the
electrical circuit protection device in FIG. 2.
"FIG. 4 is a perspective view of an electrical
30 circuit protection . device according to a .second
embodiment of the present invention.

| REPLAGEMENT 517
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saud el ectrode projecting outwardly fron1each conductiye | ayer,
respectively, so as to be 20 connectabl et ¢ a sdudrie of‘eiectrlcaﬂ
power, and when so connected, causing current to flow thréugh said PTC
el ement. 3. An el ectrical device according to 25 clains 1 or 2,
wherein said polyner conprises a polyolefin.'h. An el ectrical device
according to clains 1 or 2, wherein said electrically 30 conductive -
~particles conprise a conductive material selected fromthe group

- consi sting of pure netal pa%&bgle§ ggtag aé{ggspgé&££$ggl a@ge&agggnqﬁﬁgus

particles. _ _
electrical circuit protection device in FIG. 4.

FIG. 6 is a microphotograph (enlarged 50 times)
'of the electrodé material illustrated in the electrical
5 .circuit protection device in FIGS. 4 and 5.
Detailed Descrigtion |
While this invention is susceptible of
embodiment in many“different forms, there is shown in the
drawings and will herein be described in detail a
10 preferred embodiment of the invention with the
_ 'understanding that the present disclosure is to be
:; . ' considered as an exemp1ification of the principles of the
invention and is not intended to limit the broad;aspect-
of the invention to the embodiments illustrated.
15 FIG. 1 illustrates an electrical circuit-
protection device 1 according to the present invention.
The device 1 comprises a PTC element 2, conductive layers
3 and 4, and electrodes 5 and 6. '
Electrodes 5 and 6 include a plurality of voids
20 in a metal material selected from the group consisting of
nickel, copper, zinc, silver, and gold. Specifically,
electrodes 5 and 6 can be wire mesh, QCreenfmesh, wire
cloth, perforated sheet metal, or expanded metal.
A, FIGS. 2 and 3 illustrate a preferred embodiment
o 25 of the present invention in which electrodes 5’ and 6’
are wire cloth (distributed by McMaster-Carr, No.
9224T39) having 39.37 x 39.37 mesh per linear centimeter
(hereinafter "cm") (100 x 100 mésh per linear inch), a
wire diameter of 0.1143 millimeter (hereinafter "mm")
30 (0.0045 inch), and a width opening JSf 0.1524 mm (0.006
inch). - Electrodes 5’ and 6’ are generally less than
0.254 mm (0.01 inch) thick, however, it is preferred that

-REPLAGEMENT SHEET |
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s
27:5. :An electrical device according to clains 1 or, 2, wherein sai d
el ectrodes conprise a netal selected fromthe §ioup eonS|st£ng “af ni ckel ,

copper, zinc, silver,_and gold. 5 6. An el ectrical, -device’ accofdlng to
claims 1 or 2, wherein said PTC el ement includes a non-conductive
particulate filler. 10 : 7. An &l ectrical -device according to
claim3, wherein said polyolefin conprises polyethylene 8. An el ectrical

devi ce according to
electrodes 5’ and 6’ are 0.0762 to 0.2032 mm (0.003 to
0.008 inch) thick. -
PTC element 2’ includes a conductive polymer
exhibifing PTC behavior. The polymer is made conductive
5 .by dispersing conductive particles therein. " Preferably
the polymer is a polyolefin. Examples of polymers which
can be used in the ©present invention - include
polyethylene, polypropylene, polybutadiene, polyethylene
~ acrylates, ethylene acrylic acid copolymers, and ethylene
10 propylene copolymers. In a preferred embodiment, the
. polymer is a high density polyethylene such as Petrothene
{;; LB 8520-00, manufactured by Quantum. The electrically
conductlve particles dispersed in the polymer comprlse a
conductive material selected from the group consisting of
15 pure metal particles, metal alloy particles, and
carbonaceous particles. Examples . of electrically
conductive particles which can be used in the present
invention include materials such as nickel powder, silver
powder, gold powder, copper powder, silver-plated copper
20 powder, powders of metal alioys, carbon black, carbon
powder, and graphite. In a preferred embodiment, the
electrically conductive particles comprise carbon biack,
preferably one that has a ASTM classification N660, such
as Raven 430, manufactured by Columbian Chemical Co.
25 : In another embodiment of the present invention,

PTC element 2’ includes a non-conductive particulate
filler which increases.the stability of the composition
at higher temperatures. Examples of non-conductive
particulate fillers to be used in the preSeﬁt invention

30 include fumed silica.and ceramic microspheres.
Generally, PTC element 2’ is less than 0.762 mm
(0.03 inch) thick, preferably less than 0.508 mm (0.02

REPLACEMENT SHEET
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?
15 . claim 4, wherein said conductive partlcles conprise carbon
bl ack. 9. An el ectrical device accordlng to’ cIa|n1’6 . mhereln sai'd’
non-conductive filler 20 conprises funed silica,” 10. AA el ectri cal
devi ce according to claim 2, wherein the distance between sai'd inner”
boundary and sai d outer boundary of each sai d®25 el ectrode is |less than
0.254 nm (0.010 inch). 11. An electrical device according to claim2,
wherei n_sai d di stance between said i nner boundary and sai d outer boundary

?Lcﬁ?ChREg:_ngﬁ/El\ﬂi | e-Clél'EJE)c € an d qqa(.)s,?%% mTec?:rlcanresn.SQ:g.vg. S t% 95988of
generally less than 5 ohm cm, preferably less than 1 ohm
cm, and more preferably less than 0.8 ohm cm.

. Conductive layers 3/ and 4' are applied to

5 .first and second opposed surfaces of PTC element 2’.
' Conductive layers 3’ and 4’ can comprise a conductive
polymer such as a conductive thermoset resin, a
conductive thermoplastic, or a conductive
thermoset/thermoplastic mixture. Generally, the polymer

10 is made conductive by the presence of silver, nickel, or

) carbon. -Excellent results have been obtained when

i: : conductive layers 3’ and 4’ comprise polymer based thick
film ink compositions. Preferably, conductive laYers 3
and 4' can resist temperatures of up to 280°C. In a

15 preferred embodiment, conductive layers 3’ and 4"
comprise a polymer based thick film ink such as CB115,
manufactured by DuPont Electrohic Materials.

In another embodiment of the present invention,

. conductive layers 3’ and 4’ comprise a metal particulate

20 selected from the group consisting of silver, nickel,
copper, platinum, and gold. Preferably, conductive
layers'3’ and 4’ comprise silver flake or silver powder.

With reference to FIG. 3, it is preferred that
i, portions of electrodes 5’ and 6’ are embedded in, or ‘in
' 25 direct physical contact with, PTC element 2'. However,
the present invention also covers embodiments where
electrodes 5’ and 6’ are embedded in'conductive layers 3’
and 4', and are not in direct physical contact with PTC
element 2’. : '

30 'Referring now to FIGS. 4 and 5, electrodes 57
and 6’’ comprise a three-dimensional, initially open,
irregular cellular structure characterized by an inner

| REPLACEMENT SHEET
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28.12. An electrical device according to claims 1 or 2, wherein said PTC
element is less than 0.762 nm (0.03 inch) thicki 5 = . 7 :"7"13.". An’
el.ectrical device according to claims 1 or 2, wherei@d, sai'd PTC etenent S
| ess-than 0.508 mm (0.02 inch) thick. 14. An el ectrical device "accof di ng
to 10 clains 1 or 2, wherein said PTC el ¢fent has a resistivity at
25[err]C of less than 5 ohmcm 15. An electrical device according to
~claims 1 or 2, wherein said PTC el enment has a

boundary and an outer boundary. The interface between
PTC element 2’’ and electrodes 5'’ and 6’’, and the
interface between conductive layere 3’7 and 4’’ and
electrodes 5’ and 6’’ lie within the inner and outer
5 boundarles of electrodes 5’’ and 6'', not at a surface
thereof. Any surface contact is along a plurality of
cell walls and intercies between cells in the electrode
structure. In.a preferred embodiment, illustrated
in FIG. 5, -instead.:df a layered' laminate electrical
10 device, the electrical device is really comprised of

seven separate zones. Two opposed outer zones comprise

~r
BS

empty open electrode cells (zones a and b in FIG. 5).
These electrode cells may optionally. be filied by
plating, soldering or the like. Inward of zones a and b

~——

15 are two opposed zones of electrode cells filled with

' conductive layers 3'’ and 4’’ (zones ¢ and d in FIG. 5).

Inward of zones ¢ and d are two opposed zones of

electrode cells filled with PTC element 2’’ (zones e and

£ in FIG. 5). A central inner zone (zone g in FIG. 5) is

20 comprised solely of PTC element 2’’. The distance

between the inner boundary and the outer boundary of each

electrode is less than 0.254 mm (0.01 inch), preferably

between 0.0762 to 0.2032 mm (0.003 to 0.008 inch)r PTC

element 2’' and conductive layers 3’’ and 4’’ are

25 . identical to those embodiments described above and
illustrated in FIGS. 2 and 3. '

While the seven zone Structure described above

is preferred for an electrical device having cellular

‘structured electrodes, in another embodiment of the

30 present invention (not pictured) the electrical device

comprises five zones. Two opposed outer zones have empty

open electrode cells (which may optionally be filled with

F REPLACEMENT SuFET | |
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15. resistivity at 25[err]C of less than 1 ahmcm, 16. An electrlcal
devi ce according to clains 1 or 2 wherei n sair ¢ PTCT@Ienent has”a ° %e T

-

resistivity at 25[err]C of |ess than 0.8 ohmcm 20 17 An electtlcar‘
device according to clains 1 or 2, wherein said device has .a
resistance at 25[err]C of less than 1 ohm 251 18. An

el ectrical device according to clains 1 or 2, wherein said device
has a resistance at 25[err]C of 0.1 ehmto 0.3 ohm 19. An electrical

ool stance i 25 bRrad b pEelifRaer8bnifls eEpRELhuRGR S defRld br R

outer zones are two opposed zones of electrode cells

" filled with conductive layers. A central inner zone is

comprised solely of the PTC element. In this five zone

5 .embodiment, the cellular structure of each electrode is
not in direct physical contact with PTC element.

Preferably, the three-dimensional, initially

open cellular structured electrodes comprise a metal .

selected from the group con51st1ng of nickel, copper;

10 zinc, silver, and gold. It is especially preferred that

the three-dimensional, initially open cellular structured

I

- metal electrodes comprise metal foam, preferably nickel,
such as the nickel foamed electrodes manufactured by Inco
Specialty Powder Products. FIG. 6 is a microphotegraph

15 (enlarged 50 times) of the preferred three-dimensional, -
initially open cellular structured electrodes illustrated
in FIG. 5.

- The electrieal devices of the present inﬁention
generally have an electrical resistance at 25°C of less
20 than 1 ohm, preferably have an electrical resistance at
250C of 0.1 ohm to 0.3 ohm, and more preferably have an

electrical resistance at 25°C of less than 0.1 ohm.
| It has been found that PTC electrical devices
2 of the present invention can be prepared by dispersing
' 25 conductive particles into a polymer to form a polymer PTC
composition. The PTC composition is then melt-shaped to
form a laminar PTC element. First and second opposed
surfaces of the PTC element are then coated with a
conductive layer. First and second electrodes are
30 brought into contact with the coated surfaces of the PTC
| element. The electrodes can include any of those
described above (i.e., wire mesh, screen mesh, wire
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29:20. -An electrical device according to clains 1 oL 2, whqgeln sald palr
of conductive | ayers conprise a conductive poryner S‘H« . 5 300 . An
el.ectrical device according to claim 20, wherein ,Sald“ oqnductlv A

pol ymer conprises silver. 22. An electrical device according to 10

clains 1 or 2, wherein said pair of conduct i ¥% | ayer conprises netal
particles selected fromthe group consisting of silver, nickel, copper,

pl ati num and gol d. .

cloth, perforated sheet metal, expanded metal, or
electrodes with a three-dimensional, initially¥open,
irregular ceilular structure). The sandwich structure,
i.e., the coated PTC element intérpoéed. between two
5 ﬁglectrodes, is then heated while applying pressure to
form a laminate. The laminate is then further formed
into a plurality of PTC electrical devices.
While the step of melt-shaping the PTC
composition into a laminar shaped PTC element may be
10 carried out by commonly known polymer shaping methods;
extrusion or compression molding is preferred.

P
{
N\

The step of heating and applying pressure to

the sandwich structure is generally carried out at a

pressure of at least 689.5 kPa (100 p.s.i.) :and a

15 temperature of at least 180°C for a period of at least 1:

minute. Preferably, the step of heating and applying

pressure to the coated PTC element and electrodes is

carried out at a pressure of 2,413 to'3,102 kPa (350 to

450 p.s.i.) and a temperature of 200 to 235°C for

20 approximately 3 to 5 minutes. Excellent results have

been obtained, however, when the step of heating and

applying pressure is carried out at approximately 220°cC

and 2,068 kPa (300 p.s.i.) for 1 minute, relieving the

T pressﬁre, and then further subjecting the coated PTC

N 25 . element and electrodes to 4,309 kPa (625 p.s.i.) at 235°C
for 5 minutes.

_ In a preferred embodiment, the PTC electrical

cifcuit. protection devices of the present invention

include a conductive terminal electrically connected to

30 the outer surface of each electrode. The conductive

_terminal is connected to a source of electrical powér,

causing current to flow throﬁgh the device. The
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15 . 23. An electrical device acgording tp claing 1 or 2,
wherein said el ectrodes conprise nmetal foam :24; An & detri ¢al: ‘devi c€;
according to 20 claims 1 or 2, wherein sai d- pai r,@f conductive | ayers-
can resist tenperatures up to 280[err]C. 25. An el ectrical device
conprising: a PTC el ement including a polyneﬁ3mdth electrically conductive:
particles dispersed therein, said PTC el ement having first and second 5
surfaces and a resistivity at 25[err]C of less than 5 ohmcm

terminals are soldered to the electrodes by applying a

conductive paste to the outef surface of each electrode.

The terminals are brought into contact with the

conductive paste and heated so that the conductive paste

5 ,}s in a molten state. The molten paste is then cooled

until it solidifies, whereby the conductive terminals are

attached to the electrodes of the device. A solder

- preform may be substituted for the conductive paste in
the above described process.

10 In.anqther'embodiment, terminals are applied to
the outer surface of each electrode. The terminals and
the PTC device are dipped into a flux) (i.e., a solution
used to remove oxides from, and prevent further oxidation
of, fused metals). The PTC device and terminals afe then

15 dipped into a molten solder bath. The device is then
allowed to cool, whereby the solder solidifies, attaching
the terminals to the electrodes. ' |

_ In the processes employing the conductive paste
or the solder preform, the device will be exposed to

20 temperatures of approximately 280°C during the step of
heating the condudtive paste or solder preform to a
molten state. In the process employing a molten solder
bath, the device will be exposed to temperatures of

L approximately 265°C. Therefore, the compositioh of the

25 conductive layer must be able to resist temperatures of
up'to 280°C. . While the mechanism is not completely
understood, it is believed that conductive particles are
leached from the composition of the conductive layers
when the conductive layers cannot résist'temperatures up

,30  to 280°C. The result. is a device with an initially high

electrical resistance.

e —
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a palr of conductive thick filmink |ayers respectlvely contacting said
first and second surfaces of said PTC eIenenf”%ach ﬁf sald’10. s
conductive thick filmink |layers being able 1o ye5|stﬁtenpefaturés up. to
280[err]C, a pair of electrodes, each said el ectrode conposed of a single
structure having an inner surface ext endi ng t4rough said conductive thick

15 filmink layer and in direct physical contact with said PTC el enent,
resgectlvely, ?nd an outer surface with a pIuraIity of voids; a portion of
said outer surface of each said electrode ct| put war from each
thick 20 film ink |ayé"husrré§péc9¥%$ m?% b%‘%cﬁﬂ%bég‘]{“aftﬁv

a source of electnh¢alr pOMprisesl CB115, a polymer based thick film ink
manufactured by DuPont Electronic Materials comprising
the following composition: 10-15% (by weight) diethylene

5 .glycol monoethyl ether acetate, 1-5% terpineol, 1-5% n-
butanol, and 65-75% silver. Since CB115 can resist
soldering temperatures up to 280°C, the silver remains in
the polymer based thick film ink composition. The result
-is a device.with a low electrical resistance, i.e., a

10 device that has an electrical resistance at 25°C of less
than 1 ohm, preferably has an electrical resistance at

- 259C of 0.1 ohm to 0.3 ohm, and more preferably has an

electrical resistance at 25°C of less than 0.1 ohm.
In order to indicate more fully the natﬁre and
15 ‘utility of this invention, the following examples are set
| forth, it being understood that these examples are
presented as illustrative only and are not 1ntended to
limit the scope of the invention. '
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when so ‘connected, causing current to f|OM/th[Oth said PTC elqu and,

said electrical

deV|ce having an initial 25 ° - reS|siaﬁee at 25{err]C of

| ess than 1.0 ohm .31 26. An electrical deVIce conpr|5|ng a.-PTC
el.ement including a polyner'mﬁth electri- caIIy conductive particles

di spersed therein, said PTC el enent having.flPst and second surfaces 5
and a resistivity at 25[err]C of less than 5 ohmcm a pair of conductive
~thick filmink |layers respectively contacting said first and second

5

“10

,..
v

15

20

25

i
T

30

'35

EXAMPLE 1
A quantity of high deﬁsity polyethylene (HDPE)
(manufactured by Quantum under the trade name Petrothene)
and carbon black (manufactured by Cabot under the trade
.name BP 160-Beads) was dried by placing it in an oven at
100°C overnight. A PTC polymer composition was prepared
using the polyethylene and carbon black in the amounts

listed below in Table 1.
TABLE 1

density volume  weight weight
{gm/cc) (%) (%) (am)

HDPE 0.96 65 49.08 117.78

(Petrothene :

LB8520-00)

Carbon Black

(BP _160-Beads) 1.85 35 50.92 122.22
" Total 1.2715 .100 100 240

The polyethylene was placed in a C.W. Brabender
Plasti-Corder PL 2000 equipped with a Mixer-Measuring
Head and fluxed at 200°C for approximately 5 minutes at
5 rpm. At this point the polyethylene was in a molten
form. The carbon black was then slowly dispersed into
the molten polyethylene over a 5 minute period at 200°C
at s rpm. The speed of the Brabender mixer was then
increased to 80 rpm, and the HDPE and carbon black were
‘thoroughly mixed at 200°C for 5 minutes. The energy
‘input, due to the mixing, caused the temperature of the
composition to increase to 240°C.

After allowing the composition to cool, the
composition was then placed into a C.W. Brabender Granu-
Grinder where it was ground into small chips. The chips
were then fed into the C.W. Brabendér Plasti-Corder PL
2000 equipped with an Extruder Measuring Head. The

extruder was fitted with a die having an opening of
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surfaces of said.PTC el ement; a pair of electrodes, each elegtrgde haV|ng
10 a three-dinensional, initially open ceF}uIar-s&;ucture
characterized by an inner boundary extendi ng’ into saj:d PTC elenent thfough
one of said conductive ink l|ayers and an outer boundary; a portlon of said
outer boundary of each 15 el ectrodé prﬁfecting out war dl y from
each conductive |ayer, respectively, so as to be. connectable to a source
of electrical power, and when so connected, causing current to flow through
sai d PTC el enment

resi stance at approorxagr%t eE“K/n 2&? e??f SCai:f?cq L’ggtaglhig EQS\QO%% hgil)le % 20t m’ﬁé_al
extruder was set at 2. The temperature of the extruder
was set at 200°C, and the screw speed of the extruder was
measured at 50 rpm. The chips were extruded into a sheet

5 .approximately 50.8 mm wide by 2.438 meters long (2.0
inches wide by 8 feet long). This sheet was then cut
into a number of 50.8 mm x 50.8 mm (2 inch X 2 inch)
sample PTC elements, and pre-pressed at 200°C to a:
thickness of approxlmately 0.254 mm (0.01 inch).

10 A polymer based thick film ink (CB115,
manufactured by DuPpnt Electronic Materials) was then

- applied to the top and bottom surfaces of the 50.8 mm x
'50,8 mm (2 inch x 2 inch) polymer PTC sample elements.

The electrode material selected was copper wire

15 cloth (No. 9224T39, distributed by McMaster-Carr). The
wire cloth electrode material had 39.37 x 39.37 mesh: per
linear cm (100 x 100 mesh per linear inch), a wire
diameter of 0.1143 mm (0.0045 inch), and a width opening
of 0.1524 mm (0.006 inch). The copper wire cloth was

20 then plated with silver using conventional electrolysis
methods; - The silver-plated copper wire electrodes
measured approximately 0.1016 mm (0.004 inch) thick. The
electrodes were then affixed to the top and bottom tthk
film ink coated surfaces of the polymer. PTC sample

£y

I HA
$ S

25 elements and placed in a hot press for approximately four
minutes at 2,758 kPa (400 p.s.i.) and 230°C. The 50.8 mm
x 50.8 mm (2 inch x 2 inch) laminated sheet was then
removed from the press and allowed to cool without
further pressure. The laminated sheet was then sheared
30 into a plurality of 3.81 mm Xx. 4.572 mm (0.150 inch x
0.180 inch) polymer PTC electrical circuit protection
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.32.27. . An el ectrical device conprising: a PTC el ement including a pelyner
with electri- cally conductive particles di spersed t@enein,:said“PTC”; '
el.enent having first and second surfaces 5 and a:resi-stivity:-dt

25[err]C of less than 5 ohmcn a pair of conductive |ayers respectively
contacting said first and second surfaces oflZaid PTC el enent, each of said
conductive layers conprising nmetal particles selected fromthe 10 group
consisting of silver, nickel, copper, platinum and gold;

devices. The circuit .protec':tion devices had an average
thickness of 0.4445 mm (0.0175 inch). _

Conductive terminals or leads were attached to

the devices in the following manner: (1) terminals were

5 '—_applied to the outer surface of each electrode; (2) the
terminals and the PTC device were dipped into a flux
(i.e., a solution used to remove oxides from, and prevent
further oxidation of, fused metals); (3) the terminals
and the PTC device were dipped into a molten solder bath;

_ iO and, (4) the terminals and the PTC device were removed
from the solder bath and allowed to cool, whereby the -

.

solder solidified, thus connecting the terminals to the
electrodes of the device. | '

Comparison devices were prepared using the same

15 materials and pfocesses describéd above, except that thé'

PTC element was not coated with a conductivé layer.

Instead, the silver-plated copper wire cloth electrodes

were affixed directly to the PTC sample elements and then

placed in a hot press for approxiinately four' minutes at

20 2,759 kPa (400 p.s.i.) and 230°C. The laminated sheet

was then removed from the press and allowed to cool

| without further pressure. The laminated sheet was then

sheared into a plurality of 3.81 mm x. 4.572 mm (0.150

inch x 0.180 inch) polymer PTC electrical circuit

25 protection devices. The comparison devices had an
average thickness of 0.4445 mm (0.0145 inch). Terminals
were applied to the comparison' devices in the same 'manner
as they were app'lied to the devices of the present
invention in Example 1. _

30 The electrical and mechanical properties of the

- electrical circuit protection devices of the present

invention (wire cloth electrodes with a conductive layer)
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a pair of electrodes, each electrode having a three-dinensional, initially
open cellular structure characterized by an inner botndary 15- :’ ext’endi ng
into said PTC el enent _through one of said conductive -l ayérs: and an ouf er
boundary; a portion of said outer boundary of each ei’ectrode” proj ecting
outwardly from each conduc- tive |layer, resp&8tively, so as to be
connectabl e 20 to a source of electrical power, and when so connect ed,
“causing current to flow through said PTC el enent; and, said electrical

device having an initial resistance at a rOX|nateI 25[err] C of less. than
1.0 25 Oﬁﬁl and those of the cggparlson %ev1Les] (wire cloth

electrodes without a conductive layer) were then tested.
These tests consisted of measuring the initial electrical
resistance of the devices at 25°C with an ESI
5 -milliohmeter equipped with Kelvin clip leads. The
electrode adhesion of the devices was measured using a
tensile tester with a digital readout (manufactured by
Scott, Model CRE/500). The procedure included:
1) Positioning "the leads so that
10 ~they are axial to the body of the
device;
&} : 2) Insert one lead in pneumatically
controlled jaws; |
3) Inserﬁ.opposite lead in manual
15 ' vise type'jaw; '
4) Set tensile tester at:
a) Tension (Pull),
- b) 12.7 mm/MIN (0.5 IN/MIN) Pull Speed,
c) 5% Load (11.35 kg (25 1lbs.) '
20 ' maximum) ;
5) Set Recorder at:
a) 5% Full Load (11.35 kg (25 lbs.)
- maximum) ,
s : ' b) Pen write om,
25 : | c) Servo .on;
6) Push "UP" button and allow to run
until separation is complete. Total
Pull (kgs) (lbs.) will register on
the Recorder. | _
30 The results of these ‘tests are 1isted in Table 2 below.
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28. A method of meking an electrical device conprising: providing a |amnar
shaped PTC el enent having first and second surfaces, °Sai,d PTC: 5" €L énent
including a polymer with conductive parti- cl es? dlspersed Therelm coatlng
said first surface of said PTC el enent with a conductive | ayer; coating .
said second surface of said PTC 10 el emem® with a conductive |ayer;
bringing said first coated surface of said | am nar shaped PTC el enent into
contact with a first electrode, said first electrode conposed of

TABLE 2
MESH / THICK FILM INK- MESH
CONDUCTIVE LAYER
5
SAMPLE INITIAL PULL : INITIAL PULL
‘. NO. RESISTANCE TEST RESISTANCE . TEST -
(Ohms) kgs (lbs.) (ohms) kgs (Ibs.)
10 1 0.1870 0.6351 (1.40) 0.3411 0.4082 (0.90)
2 0.1809 1.2247 (2.70) 0.3542 0.3175 (0.70)
3 0.1924 0.6351 (1.40) 0.3393 0.5443 (1.20)
4 0.1991 1.0433 {2.30) 0.2941 0.5443 (1.20)
5 0.1938 0.5443 (1.20) 0.3899 0.7258 (1.60)
15 6 0.1847 0.7938 (1.75) 0.3001 0.49920 (1.10)
7 0.1927 0.9072 (2.00) 0.2887 0.4990 (1.10)
8 0.1829 0.7258 (1.60) 0.3354 0.4990 (1.10)
9 0.2014 - 0.7938 (1.75) 0.3007 0.3402 (0.75)
10 0.1840 1.0433 (2.30) 0.2879 0.567 (1.25)
20
f } ' " AVERAGE 0.1899 0.8346 (1.84) 0.3231 ‘ 0.4944 (1.09)
25 MINIMUM 0.1809 0.5443 (1.20) 0.2879 0.3175 (0.70)
MAXIMUM 0.2014 " 1.2247 (2.70) 0.3542 0.7258 (1.60)
30
EXAMPLE 2
A number of 50.8 mm x 50.8 mm (2 inch X 2
inch) sample PTC elements were prepared in the
35 same manner as disclosed in Example 1. A polymer

based thick film ink (CB115, manufactured by
DuPont Electronic Materials) was then applled to
the top and bottom surfaces of the 50.8 mm x 50.8
mm (2 inch x 2 inch) polymer PTC sample elements
40 and cured for 20 minutes at 120°C.
The electrode material selected was a nickel
foam supplied by Inco Specialty Powder Products.
The nickel foam had an initial volume thickness
between boundaries of approximately 2.032 mm
45 (0.080 inch). The‘dehsity of the supplied nickel
foam material was 600 +/- 50 g/m*, with an

RS
R
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a S|ngle structure and having an inner surface 15 - and an, outer surface
with a plurality of voids; bringing said secand: coat &d surface Qf said

| am nar shaped PTC el enent into contact with.a Seconcf el ect Fode, ‘sai d-
second el ectrode conposed of a single structure and having an inner surface
20 and an outer surface with a plurality28f voids; heating and applying
pressure to said PTC el enent and said el ectrodes so that the i nner surface
of each el ectrode extends through the conductive |layers respectively and
are in 25 - physi cal contact_wi th-said respective %ir 6 an ggcond
surfaces of said PTCRBPERSA CaAY S478 Bt ERS LIRFSR $ dﬁ et®rtrode
projects outwardly frae pdictteleshsmii matepndlicwase tallbsd down to a

volume thickness  between boundaries  of
approximately 0.127 mm (0.005 inch) and cleaned
5 - in a solution comprised of '50% HNO, and 50%
Acetic Acid. _
The nickel foam electrodes were then affixed
to the top and bottom thick £ilm ink coated
. surfaces of the polymer PTC sample elements and
10 placed in a ‘hot press which had plateé set at a
temperature of 235°C. The temperature of the
laminate was monitored until it feached 220°C, at
which point a total pressure of 544.32 kgs (12Q0
pounds) (2,068 kPa (300 p.s.i.)) was applied to
15 the laminate for 1 minute. The pressure in the
press was then relieved. The laminate was then
exposed to a total'pressure of 1,134 kgs (2500
pounds) (4,309 kPa (625 p.s.i.)) for 5 minutes,
while maintainihg the plates of the press at
20 ~ 235°C. The 50.8 mm x 50.8 mm (2 inch x 2 inch)
laminate was then removed from the press and al-
lowed to cool without further pressure. The
laminate was then sheared into a plurality of
S 3.81 mm (0.150 inch x 0.180 inch) polymer PTC
o 25 ‘electrical circuit protection devices. The
~ ‘circuit protection devices had an average
thickness of 0.4902 mm (0.0193 inch).
Conductive terminals or leads were applied
to the PTC devices of the present invention in
30 the same manner as in Example 1.
Comparlson devices were prepared using the '
same materials and processes described above,
except that the PTC element was not coated with
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to.forma |am nate; and, 30 formng.said lamnate jntg a
plurality of PTC electrlcal devi ces. 29. A .réet hod™ accord}ng 1.0 cl®aj m 28,
wherein the step of heating and applying pressure ta-said PIC el érent and
said electrodes is carried out at a pressure of at |east 689.5 kPa 5

(100 p.s.i.) and a tenperature of at least 18D[err]C. 30. A nethod

according to claim28, wherein the  step of heating and applying
pressure to said PTC el ement and sai d el ectrodes 10 is carried out at a
pressure of 2,413 kPa to : g

a conductive layer. Instead, the nickel foam

electrodes were affixed directly to the PTC
sample elements and placed in é hot press which
had plates set at a temperature of 235°C. The
5 -. temperature of the laminate was monitored until
| it reached 220°C; at which point a total pressure
of 544.32 kgs (1200 pounds) 2,068 kPa (300
p.s.i.) was épplied to the laminate for 1 minute.
The pressuré in the press was then relieved. The
10 laminate was then exposed to a total pressure of
_ 1,134 kgs (2500 pounds) 4,309 kPa (625 p.s.i.)
AT _ for 5 minutes, while maintaining the plates of
the press at 235°C. The laminate was thén
removed from the press and allowed to cool
15 without further pressure. The laminate was then
sheared into a plurality of 3.81 mm x 4.572 mm
(0.150 inch x 0.180 inch) polymer PTC electrical
c1rcu1t protectlon devices. The circuit-
protection devices had an average thickness of
20 0.4699 mm (0.0185 inch). Conductive terminals or
| leads were applied to the comparison samples in

the same manner as in Example 1. '
The electrical properties of the electrical
e circuit protection devices of the present
T 25 invention (nickel foam electrodes with a polymer
based thick film ink conductive layér) and those
of the comparison devices (nickel foam electrodes
without a conductive layer) were then tested.
The tests consisted of measuring the initial
30 eleCtrical"resistance of the devices at 25°C
using an ESI milliohmeter equipped with Kelvin
clip leads. The results of these tests are

.. listed in Table 3 below.
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3:102 kPa (350 to 450 p.s.i.) and a tenperature of 200 to 235[err]C. = 35
A met hod according to claim29, whergin the %tep of - heallng'and
appl ying pressure to said PTC el enent and sai d el ectrodes is carried out

31.

f or

at

| east 1

mnute. 5 32. A nmethod accordlng to claim30, wherein the

step of heating and applying pressure to sai 42PTC el enent and sald
i electrodes is carried out for 3 to 5 m nutes.

oo

10
15
20
25
30

35

40

45

50

TABLE 3
NI FOAM / THICK FILM NI FOAM .
INK CONDUCTIVE LAYER

- SAMPLE  INITIAL INITIAL

¥o. RESISTANCE RESISTANCE
(Ohms) (Ohms)
1 0.1686 0.3579
2 0.1674 0.3509
3 0.1621 0.3859
1 0.1582 0.4213
5 0.1770 0.4184
6 0.1619 0.4008
7 0.1647 0.3717
8 0.1882 0.3557
9 0.1546 0.3867
10 0.1492 0.3852
AVERAGE  0.1652 0.3835
MINIMUM  0.1492 ' 0.3509
MAXIMUM  0.1882 0.4213

EXAMPLE 3

A number of 50.8 mm x 50.8 (2 inch X 2 inch)
sample PTC elements were prepared in the same
manner as disclosed in Example 1. A 50.8 mm X
50.8 mm (2 inch x 2 inch) sample PTC element was
dipped'in silver flake (Type SF 40 manufactured
by Degussa) . | '

The electrode materlal selected was a nickel
foam supplied by Inco Specialty Powder Products.
The nickel foam had an initial volume thickness
between boundaries of approximately 2.032 mm
(0.080 inch). The density of the sﬁpplied nickel
foam material was 600 +/- 50 g/m?, with an
average cell size in the range of 500 to 700 pum.
The nickel foam_material was rolled down to a

" REPLACEMENT SHEET

26 JAN 1998 AMENDED S“E.a |




10 33. A nethod according to claim 28, wherein the step of heating and

k]

appl ying pressure is carried out at 220[efr}C and=2:168 kPa:. (300 p.S.i.)

for 1 mnute, the pressure is then 15 . relieved, -befofe exerting 4,309
kPa (625 p.s.i.) at 235[err]C for 5 minutes.” 34. ‘A it hod "according to
claim 28, wherein the step of providing a. |a&inar shaped 20  PTC

- el enment includes: dispersing conductive particles into a polyner to

forma pol ynmer
| am nar shaped

10

- 15

20

25

30

PTC conposi tion; extruding said PTC conposition to formsaid

PTC el enent. 25 ;
volume thickness between boundaries of

approximately 0.127 mm - (0.005 inch) and cleaned
in a solution comprising 50% HNO, and.SO% Acetic
Acid. | : | '

- The nickel foam electrodes were then affixed
to the top and bottom silver-flake coated
surfaces of the polymer PTC sample elements and
placed in a hot press which had plates set at a
temperature of 235°C. The temperature of the
laminate was monitored until it reached 220°C, at
which point a total pressure of 544.32 (1200
pounds) 2,068 kPa (300 p.s.i.) was applied to the
laminate for 1 minute. The pressure'in the,preés
was then relieved. The laminate was then exposed
to a total pressure of 1,134 kgs (2500 pounds)
4,309 kPa (625 p.s.i.) for 5 minutes, while
maintaining the plafes of the press at 235°C.
The 50.8 mm x 50.8 mm (2 inch x 2 inch) laminate
was then removed from the press and allowed to
cool without further pressure. The laminate was
then sheared into a plurality of 3.81 mm x
4.572 mm (0.150 inch x 0.180 inch) polymer PTC
electrical circuit protection devices. The.
éircuit - protection devices had ‘an average .
thickness of 0.4572 mm (0.0180 inch). Conductive
- terminals or leads were electrically connected to
the devices in the same manner as in Examples 1
and 2. :

The test results of the comparison devices
prepared in Example 2 were used to illustrate the
improved electrical properties of the circuit
protection devices of the present invention

prepared in Example 3.
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35i.- A met hod accor di ng to claim 28, further conprisj.ng the step of .

electrically connecting a conductive term-ndl

sai d el ectrode.

of each said electrode includes: 5 &Ml ying conductive paste

30

to $aid-outer:surface of each

.36 36. A nethod according to .¢claim35, wherein said
step of electrically connecting a conductive termnal to said outer surface

the outer surface of each said el ectrode,

10

15

20

25

30

35

40

45

50

The electrical properties of the electrical
circuit protection devices of the present
invention (nickel foam electrodes with a silver-
flake conductive layer) and those of the
comparisdn devices (nickel foam electrodes
without a conductive layer) were then tested.
The tests consisted of measuring the initial
electrical resistance of the devices at 25°C
using an ESI milliohmeter equipped with Kelvin
clip leads. The results of these tests are
listed in Table 4 below.

. TABLE 4 .
NI FOAM / SILVER " NI FOAM
FLAKE CONDUCTIVE

LAYER ) :

SAMPLE INITIAL . INITIAL
NO. RESISTANCE RESISTANCE

{Ohms} {Ohme)

1 0.2886 0.3579

2 0.2520 0.3509

3 0.2466 0.3859

a 0.2783 0.4213

s 0.2631 0.4184

6 0.3141 : 0.4008

7 0.2497 - 0.3717

8 0.263% : 0.3557

9 0.2959 . 0.3867

10 0.2772 ) 0.3852

AVERAGE 0.2729 _ 0.3835

MINIMUM 0.2466 : : " 0.3509

MAXIMUM 0.3141 0.4213

The test results in Tables 2-4 illustrate
that a lower resistant PTC device can be achieved
when practiéing the present invention.. In
addition, the results in Table'z'illustrate an
improved mechanical adhesion between the
electrode and the PTC element when practicing the

present invention.
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brlnglng sai d conductive termnals into contact with said conductive paste;
heating sai d conductive paste to a nolten~10 . -state; antt. cool'ing said
mpl ten paste so that said nolten paste sdlidifies, whereby said conductive
terminals are attached to said el ectrodes of said el’ectrical device. 15 37.
A method according to claim 35, wherein said2sep of electrically
connecting a conductive termnal to said outer surface of each said

el ectrode includes: 20 bringing a solder preforminto contact with
t he outer surface of each said el ectrode;. i
| cianes | [N T ORDONN
: ) * [ L M S *
I CLAIM:
- 1. = An electrical device comprising:

a PTC element including a polymer with
electrically conductive particles dispersed
therein, said PTC element having first and second

5 surfaces; '

a pair bf_conductive layers réSpectively

contacting said first and second surfaces of_séid

b PTC element; _ '
a pair of electrodes, each said electrode
10 composed of a single structure having an inner
surface extending through one of said conductive
layers so that said inner surface is in direct
physical contact with said PTC element and an
outer surface with a plurality of voids; and,
15 - a portion of said outer surface of each said
electrode projecting outwardly from each
conductive layer, respectively, so as to be
connectable to a source of electrical power, and
‘'when so connected, causing current to flow

2 20 through said PTC element.
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br'i.ngi ng said conductive terminals into cont act WI th said solder

preforms; heating said solder preforns ta:g nolten pids state; and,
cooling said nmolten sol der preformso thdt said nmolte

solidifies, whereby said conductive term nal s are attgu g’ﬂmulmmr IiII
el'ectrodes of said electrical device. 30 FA38. A ms od accorading to

- claim35, wherein said step of electrically connecting a

2. An electrical device comprising:

a PTC element composed of a polymer having

electricélly conductive particles dispersed
therein, said PTC element having first and second

5 . surfaces; '
. a pair of conductive layers respectively
contacting said first and second surfaces of said
PTC element; '

a pair of electrodes respectively
10 confronting said conductive layers, each said
electrode having a three-dimensional, initially
open cellular structure characterized by an inner

al

boundary and an outer boundary, said innér
boundaries of  said electrodes respectiveiy

15 extending through said conductive layers into
said PTC element; and, ' . .

a’ portion of said outer boundary of each

said electrode projecting outwardly from each
‘conductive layer, respectively, so as to be.

.20 connectable to a source of electrical power, and
when so connected, causing current to flow

through said PTC element.

3. An electrical device according to

25 '~ claims 1 or 2, wherein said polymer compfises_a
_polyolefin.

4. An electrical device according to

claims 1 or 2, wherein said electrically

30 conductive particles comprise 'a conductive

material selected from the grbup'consisting of
pure metal particles, metal alloy particles, and -
carbonaceous particles. '
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cor]ductlve termnal to said outer surface of each said el ectrode includes:
5 applying termnals to said outer.surface:0f each said electrode,;
di.ppi ng said device and said term nals into a flux to:r

fromsaid termnals and said el ectrodes; 10 IR | aHIWI Imnnmﬁﬁ“'
and said termnals into a nolten sol der bath;2Yenoving satd dewi c# and said

termnals fromsaid sol der bath and ‘all owi ng said solder to solidify, thus
connecting said termnals to said 15 el ect r odes.

5. An electrical device according to
claims 1 or 2, wherein said electrodes comprise
a metal selected from the group consisting of
nickel, COppér, zinc, silver, and gold.

5 -
6. An electrical device according to
claims 1 or 2, wherein said PTC element includes
a non-conductive particulate filler.

10 7. An electrical device according to
claim 3, wherein said polyolefin comprises
polyethylene. ' '

8. An electrical device according to

15 claim 4, wherein said conductive particles
comprise carbon black.

9. An electrical device according to
claim 6, wherein said non-conductive filler

.20 comprises fumed silica.

10. An electrical device according to
‘claim 2, wherein the distance between said inner
boundary and said outer boundary of each said

25 electrode is less than 0.254 mm (0.010 inch).

11. An electrical dev1ce accordlng to
claim 2 wherein said distance between said inner
boundary and said outer boundary of each said

30  electrode is 0.0762 mm to 0.2032 mm (0.003 to

0.008 inch).
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39 A method of making an electrical device conprising: prOV|d|ng a
| ami nar shaped PTC elenent having first,and segond,

element including a.polyner with conductive partlel
therein; coating said first surface of said ‘PTC el enent Mu] ﬁjﬂﬁ HSI ||||e
| ayer; coating said second surface of said PTEE 10

conductive layer; bringing said first coated surface of said | am nar shaped

PTC el enent into contact with a first electrode and bringing said second

coated surface of said | am nar fgapegnFﬂféégfgggg déUlce according to
claims 1 or 2, wherein said PTC element is less
than 0.762 mm (0.03 1nch) thick.

-

5 . | 13. An electrical device according to
claims 1 or 2, wherein said PTC element is less
than 0.508 mm (0.02 inch) thick.

1l4. An electrical device according to
10 claims 1 or 2, wherein said PTC element has a
| resistivity at 25°C of less than 5 ohm cm.

15. An electrical device acqordin§ to
claims 1 or 2, wherein said PTC element has a
15 resistivity at 25°C of less than 1 ohm cm.

16. An eiectridal device according to
_claims 1 or 2, wherein said PTC element has a

resisfiﬁity at 25°C of less than 0.8 ohm cm.

20
17. An electrical device according to
claims 1 or 2, wherein said device has a
resistance at 25°C of less than 1 ohm.
¥ 25 - _ 18. An electrical device according to -
claims 1 or 2, wherein said device has ‘a
resistance at 25°C of 0.1 ohm to 0.3 ohm.
- 19. An electrical device according to
30 claims 1 or 2, . wherein said device has a

resistance at 25°C of less than.O.l ohm.
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15. gontact with a second el ectrode, said electrodes having a

t hr ee-di nensi-onal , initially open cellu|€r stricture ch cterized:by an
i nner boundary and an_outer boundary; heating and-applying pressure to said
PTC 20 el enent and said electrodes to forma [am [ﬂ“ﬂm"m ﬁﬂlltﬂ I“rner
boundari es of. said el ectrodes extend through ¢he cond m
respectively and are in physical contact with said respectivé ff'rst ahd

‘'second surfaces of said PTC el enent and 25 sai d outer boundaries of

sai d el ectrodes project outwardzll from sai d conduciive, | to be
connectable to a source of elec % c Ig"bg‘?&awawér%ylﬁge ?gggﬁﬁd}?nlgilz:toe into
a plurality of PTC eldcimsal deyacemherein said pair of conductive

layers_compfise a conductive polymer.

5. . 21._,An_electrical device according to
claim 20, wherein said conductive polymer

comprises silver.

22. An electrical device according to
10 claime 1 or 2, wherein said pair of conductive
layer comprises metal particles selected from

£
£
e

the group consisting of silver, nickel, copper,

platinum, and gold.

15 _ : 23. An electrical device according to
claims 1 or 2, wherein said electrodes comprise

metal foam.

24. An electrical device accoxrding to
20 claims 1 or 2, wherein said pair of cqnductive

layers can resist temperatures up to 280°C.
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30, 39 40. A nethod according to claim39, wherein said | an nar shaped
PTC el enent has an electrical resistivity'at 25[err].C of l:ess t han "5 0hm
cm 5 41. A nethod acgording to claim 39, wherein.said | am nar shaﬁed PTC .

?I Qnent has an electrical resistivity at-‘ 25['e3rpr] C of | Tﬂl'“!l“m!l“’!m ﬂ”!" 10

S

25. An electrical device comprising:

a PTC element including a polymer with

electrically conductive particles dispersed

therein, said PTC element having first and second

5 - surfaces and a resistivity at 25°C of less than

' 5 ohm cm; o

a pair of conductive thick film ink layers

respectively contacting said first and second

surfaces of said PTC element, each of said

10 conductive thick film ink layers being able to
~ resist temperatures up to 280°C; '

s a pair of:electrodes} each said electrode'
composed of a single structure having én innér
surface extending through said conductive thick

15 film ink layer and in direct physical contact
with said PTC element,'respectively, and an outer
surface with a plurality of voids;

. a portion of said outer surface of each said
electrode projecting outwardly from each thick

20 film ink layer, 'respectiﬁely, so as to be
connectable to a source of electrical power, and
when so connected, causing current to flow
through said PTC element; and,

said electrical device having an initial

.25 . resistance at 25°C of less than 1.0 ohm.
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42.. A method accor di ng to claim 39, \/\herel n said | agnar shaped PTC el ement
has an electrical resistivity at 25[err]C0f‘ l.ess®it Ran_0. 8 ohm cm -15 43. A
nmet hod according to claim39, wherein the: step of ‘heati ng and appl yi ng

pressure to said PTC element and said el ec rodes qumm lmj
pressure of at |east 689.5 kPa 20 (100 p. .) an mmm at
| east 180[err]C. 44. A nmethod according to cIa|n139 wher i n* the S *step

of heating and applying pressure to said PTC el enent and sai d el ectrodes

25 is carried out at a pressyre gh 21413,4Ba1! 031402 kRArE3AAG.0 450

p.s.i.) and a tenperature

a PTC element including a polymer with electri-
cally conductive particles dispersed therein,
said PTC element having first and second surfaces

5. and a resistivity at 25°C of less than 5 ohm cm;

a pair of conductive thick film ink layers

respectively contaicting said first and second
surfaces of said PTC element;

a pair of electrodes, each electrode hav1ng

10 a three-dimensional, initially open cellular
strﬁcture characterized by an inner boundary

. extending into said PTC element through one of

said conductive ink layers. and an outer boﬁndary;

a portion of said outer boundary of each

15 electrode projecting outwardly fl_”om each

conductive layer, respectively, so as to be.

connectable to a source of electrical power, and

when so connected, causing current to flow
through said PTC element; and, |

20 | said electrical device having an initial

resistance at approximately 25°C of less than 1.0

ohm.

]
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of .200 to 235[err]C. 45. A nethod according to claim43, 30 wherein

the step of heating and applying pressure-fQ said:PLC el-emeyif and’-sard
electrodes is carried_out for at least 1:mnute. . 40 46 A nethod: — .
according to claim44, wherein the step of heating and ' ssure to
said PTC el ement and said electrodes is carri®d out folrlmummmkmﬁﬂ 5

47. A nmethod according to claim 39, . * ¢ L o 5 '

27. An electrical device comprising:
a PTC element including a polymer with electri-
cally conductive particles dispersed therein,
said PTC element having first and second surfaces
5 . and a resistivity at 25°C of less than 5 ohm cm;
a pair of conductive layers respectively
contacting said first and second surfaces of said
PTC. element, each of said conductive layers
comprising metal particles selected from the
10 group consisting of silver, nickel, copper,

platinum, and gold; |
I _ a pair of electrodes; each electrode having
a three-dimensional, initially open cellular
structure characterized by an inner boundafy
15 . extending into said PTC element through one of

| said conductive layers and an outer boundary;

a portion of said outer boundary of each
"electrode projecting outwardly from each conduc-'
tive layer, respeccivelyy so as to be connectable
20 to a source of electrical power, and when so
.~ comnected, .causing current to flow through said

PTC element; and, |
said electrical device having an initial
resistance at épproximately 25°C of less than 1.0

25 ohm.
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wher ei n,the step of heating and applying pressure is carri ed out at
220[err]C and 2,068 kPa (300 p.s.i.) for ;i nute, i.he pressure is ‘then 10
relieved, bef or e exerting 4,309 kPa (625:p.s.i.) at 235[err]C for 5

m nutes. 48. A method according to claim39, wherein din
a | am nar shaped 15 PTC el ement i ncl udes:33i sper si “mmmnmmmm“l )
particles into a polyner to forma pol yner PTC conpositi#on¢ extrudi®ng*said -
PTC conposition to formsaid | am nar shaped PTC el ement. 20 49. A met hod

according to claim39, further é:OfT[KI L0941 gmgfcggg g e'i RIndn icglly

device comprising:

providing a laminar shaped PTC element
having first and second surfaces, said PTC
-5 . element including a polyin‘er with conductive parti-
cles dispersed therein;
coating said first surface of said PTC.
element with a conductive laYer;_
coating said second surface of said PTC
10 _élement with a conductive layer;
- bringing said first coated surface of said
C ' laminar shaped PTC element into contact with a
first electrode, said first electrode composed Qf
a single structure and having an inner surface
15 and an outer surface with a plurality of voids;
' bringing'said'second coated surface of said
“laminar shaped PTC element into contact with a
second electrode, said second electrode composed
of a single structure and having an inner surface
20 and an.outer surface with a,plurality of wvoids;
heating and applying pressure to said PTC
element and said electrodes so that the inner
surface of each electrode extends through the
conductive layers respectively and are in

25 phy51ca1 contact with said respectlve first and
second surfaces of said PTC element and said
outer surface of each electrode progects
outwardly from said respectlve conductive layer
to form a 1am1nate, and,

30 forming sald-laminate_into d plurality of
PTC electrical devices. '
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connecting a conductive termnal to said outer surfagce of each sgjd..

el ectrode. 25 50. A nethod according to. ¢|alHV4QL{mhéffw%fiﬁﬁﬁiéﬁ4ﬂ}4ﬁ
el.ectrically cdnnectlng a conductive ternminal to, Saj.d e of each
sai'd el ectrode includes: 5 appl yi ng Eonductl m HI " u| ,’e
outer surface of each said el ectrode; bringi nﬁ said co S

|nfo contact with said conductive paste heating said conductlve paste to a
nol t en

29. A method according to claim 28,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is
carried out at a pressure of at least 689.5 kPa

5. (100 p.s.i.) and a temperature of at least 180°C.

_ 30. A method according to claim 28,
wherein the step of heating and applying
pressure to said PTC element and said electrodes

10 ig carried out at a pressure of 2,413 kPa to
3,102 kPa (350 to 450 p.s.i.) and a temperature
(: | of 200 to 235°C. :
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10. « state; and, cooling sald mol ten paste so thagt said nolten paste

solidifies, mhereby sai d conductive term.nal s are: at.t achet-t o—said
electrodes of said electrical device. 15:51. A nethod” ac

49, wherein said step of electrically connect g a conduﬁmﬂHﬂ &“

said outer surface of each said el ectrode inc#gdes

sol der preforminto contact with the outer surface of each sald electrode

Eringing saldlgonductlve terminals into contact with said sol der preforms;
eating said solder preforms to;f MAtEAnoG according to claim 29,

wherein the step of heating and applying pressure

C

to said PTC element and said electrodes is

carried out for at least 1 minute.

32. A method according to claim 30,
wherein the step of heating and applying pressure
to said PTC eiement and said electrodes 1is
carried out for 3 to 5 minutes.

10 |

33. A methoa according to claim 28,
wherein the step of heating and applying pressure
is carried out at 220°C and 2,068 kPa (300
p.s.i.) for 1 minute, the pressure is then

15 relieved, before exerting 4,309 kPa (625 p.S.l.)
at 235°C for 5 minutes.

_ 34. A method according to claim 28,
wherein the step of providing a. laminar shaped
20 PTC element includes:
| dispersing conductive particles into a |
polymer to form a poiymer PTC compbsition;
extruding said PTC composition to form said
laminar shaped PTC element.
- 25 | _
35. A method according to claim 28,
further comprising the step of electrically
connecting a conductive terminal to said outer

surface of each said electrode.
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25, . State; and, cooling said nolten sol der preformso t hat sal d nol ten
sol der preformsolidifies, whereby said coaductlve«ferntngks areg aft'ached

'to said electrodes of said electrical deV|ce 30: 42 52. A nethod
according to claim49, wherein said step of electri’c
conductive terninal to said outer surface of ¥ach saaicllmmm:]mﬂlmﬂlclmdes

5 applylng termnals to said outer surface of

36. A method according to claim 35,
wherein said step of electrically connecting a
conductive terminal to said outer surface of each
said electrode includes: '
5 -~ applying conductive paste to the outer
surface of each said electrode;
bringing said conductive terminals into
contact with said conductive paste;
heating said conductive paste to a molten
io0 state; and,
cooling said molten paste so that said
EE _ molten paste solidifies, whereby said conductive
terminals are attached to said electrodes of sald

electrical device.

15 .
37. A method according to claim 35, -
wherein said step of electrically . connecting a
conductive terminal to séid outer surface of each
said electrode includes: |
20 bringing a solder preform into contact with

the outer surface of each said electrode;
bringing said conductive terminals into
contact with said solder preforﬁs;'
heating said solder preforms to a molten
25 state; and, | _ '
cooling'said molten solder preform so that

said molten solder preform solidifies, whereby
said conductive terminals are attached to said
electrodes of said electrical device.

- 30
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each-sai d el ectrode; di ppi ng sald device and said term nal s |nto a qux to
renove any oxides fromsaid terninals and-said ePengodes-eiO 22

di.ppi ng sai d device and said termnals |ht0«a nolt en “sol der bath; renoving
said device and said termnals fromsaid sol der bath’ andlﬂl"ﬁ\mm"mzﬁn'"l"'
solder to solidify, thus connecting said ternﬂlal s to sai
el ectrodes. 53. A nethod dccording to claim39, wherein dai § efteclrital®
'devi ce has a resistance at 25[err]C of less than 1 ohm 20 54. A nethod
according to cIa|n139 38. A method according to claim 35,
wherein said step of electrically connecting a
conductive terminal to sald outer surface of each
said electrode includes: .
5 - applying terminals to said outer surface of
each said electrode; _ _
dipping said device and said terminals into
a flux to remove.any oxides from said terminals
and said electrodes;
10 dipping said device and said terminals into
a molten solder bath;
(- , removing said device and said terminals from.
said solder bath and allowing said solder @o
solidify, thus connecting said terminals to said

15 electrodes.
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whereirn said el ectrical device has a resistance at 25[err]C of 0.1 ohm to
0.3 ohm 25 55. A net hod atcordlng-tqmcla1n139 whérein said

electrical device has a resistance at 25[err]C of :l ess than 0.1 ohm
43 56. The device of claims 1 or 2 wherein éach of s
has an outernost connector material-receiving3llular regﬂ“"mm "IH)W" llll
adapted to receive a hardenable 5  connector nmaterial for cbnn@ctnng
el ect rodes
39. A method of making an electrlcal
dev1ce comprising:
providing a laminar shaped PTC element’
‘ having first and second surfaces, said PTC
5. element including a polymer with conductive
particles dispersed therein;
~coating said first surface of said PTC
element with a cdnductive layer; '
coating said second surface of said PTC
10 element with a conductive layer; )
bringihg said first coated surface of said
laminar shaped PTC element into contact with a

™

first electrode and bringing said second coatéd
surface of said 1aminar shaped PTC element into
15 contact with a second electrode, said electrodes
having a three-dimensional, - initially open
cellular structure characterized by an inner

boundary and an outer boundary;
heating and applying pressure to said PTC
20  element and said electrodes to form a laminate
‘where said inner boundaries of said electrodes
extend through the conductive layers respectively
and are in physical contact with said respective
. first and second surfaces of said PTC element and
i 25 said outer boundaries of said electrodes project
outwardly from said conductive layers so as to be
connectablé to a soufce of electric power; and,
| forming said laminate into a pluraliEy of
PTC electrical devices.

30
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to am external circuit. 57. The deV|ce of clainms 1 or 2 wherein each of
said el ectrodes has cel lular 10 centgal. and rnnﬁrnnst‘ZUﬁeS~an§§_ceIIs
contain respectively sone of the materi af forn1ng t he adja ortlon‘““T“~
the adj acent. conductive |ayer and PTC el enent, 15 *°

method of claims 28 or 39 wherein said el ectrddes have out H‘”H 4"
mat erial-receiving cellular regions which are adapted to recelve "a
hardenabl e connector material for connecting the el ectrodes to an 20

external circuit. 59. The nethog,of £l alpp 48 a%rco:i%lwrt% Ncgakf &gectrodes

have cel lul ar .central and
' wherein said laminar shaped PTC element has an

electrical resistivity at 25°C of less than 5 ohm

cm.

'41. A method according to claim 39,
wherein said laminar shaped PTC elemeﬁt has an
electrical resistivity at 25°C of less than 1 ohm
cm. ' '

10 | | _
42. A method according to claim 39,
(ﬁ~ wherein said laminar shaped PTC element has an
electrical resistivity at 25°C of less than 0}8
6hm_cm{ ' :
15 | |
43. A method according to claim 39,
wherein the step of heating and applying pressure
to said PTC element and said electrodes 1is
carried out at a pressure of at least 689.5 kPa
20 (100 p.s.i.) and a temperature of at least 180°C.

44. A method according to claim 39,

wherein the step of heating and applying

______ pressure to said PTC element and said electrodes
EE 25 is carried out at a pressure of 2,413 kPa to
' 3,102 kPa (350 to 450 p.s.i.) and a temperature

of 200 to 235°C.

45. A method according to claim 43,

30 wherein the step of heating and applying pressure

‘to said PTC element and said electrodes is
carried out for at least 1 minute.
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ir'irier-.:_rmst zones whose cells contai n respectively 25 . sone,, of the
material fornming the adjacent portions of theradiacent .conducti:ve-layer
and PTC el enent. - : o

o M

46. A method according to claim 44,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is
carried out for 3 to 5 minutes.

47. A method according to claim 39,

wherein the step of.heating and applying pressure

is carried out .at 220°C and 2,068 kPa (300

p.s.i.) for 1 minute, the pressure is then

10 relieved, before exerting 4,309 kPa (625 p.s.i.)
at 235°C for 5 minutes. | :

48. A method according to claimlag,
wherein the step of providing a laminar shapod
15 . PTC element includes: '
dispersiﬁg conductive particles into a
polymer to form a polymer PTC composition;
extruding said PTC composition to form said
laminar shaped PTC element.
20 .

49. A method according to claim 39,
further comprising the step of electrically
connecting a conductive terminal to said outer
surface of each said electrode. '

25
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50. A method according to claim 49,
whereln said step of electrlcally connecting a
conductive terminal to said outer surface of each
said electrode includes:
5 . applying conductive paste to the outer
surface of each said electrode; -
bringing said ‘conductive terminals into
contact with said conductive paste;
_ 'heatiﬁg said conductive paste to a molten
10 state; and,
cooling said molten paste so that said
{:Q " molten paste solidifies, whereby said conductive
terminals are attached to said electrodes of said
electrical device. '

15
51. A method according to claim 49,
wherein said step of electrically cohnedting a
conductive terminal to said outer surface of each
said electrode includes:
20 bringing a solder preform into contact with

the outer surface of each said electrode;
bringing said conductive terminals into
contact with said solder preforms;
heating said solder preforms to a molten
25  state; and,
cooling said molten solder préform so that

said molten solder preform solidifies, whereby
said conductive terminals are attached to said
electrodes of said electrical device.

30
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52. A method according to claim 49,
wherein said step of electrically connecting a
conductive terminal to said outer surface of each
said electrode includes:
5 . - applying terminals to said outer surface of
each said electrode; -
dipping said device and said terminals into
a flux to remove any oxides from said terminals
and said electrodes; |
10 | dipping said device and said terminals into
' a molten solder bath; '
- . removing said device and said terminals from
said solder bath and allowing said solder to'
solidify, thus cqnnecting‘said terminals to said

15 electrodes.

53. A method according to claim 39,
wherein said electrical device has a resistance
at 25°C of less than 1 ohm.

20 .

54. A method according to claim 39,
wherein said electrical device has a resistance
at 25°C of 0.1 ohm to 0.3 ohm.

25 55. ‘A method according to claim 39,

wherein said eleétrical device has a resistance
at 25°C of less than 0.1 ohm.
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56. The device of claims 1 or 2
wherein each of said electrodes has an outermost
connector material-receiving cellular region
which is adapted to receive a hardenable
connector material for connecting the electrodes

to an external circuit.

« iy

I

57. The device of claims 1 or 2

wherein each of said electrodes has cellular
central and innermost zones whose cells contain
respectively some of the material forming the
adjacent portions of the adjacent conductive
layer and PTC element. | '

58. The method of claims 28 or 39

wherein said electrodes have outermost connector

material-receiving ~cellular regions which are

adapted to receive a hardenable connector
material for connecting the electrodes to an

external circuit.

59. The method of claims 28 or 39
wherein said electrodes have cellular central and
innermost zoﬁes whose cells contain respectively
some of the material forming the adjacent

portions of the adjacent conductive layer and PTC -

element.

v
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ABSTRACT OF THE DISCLOSURE

Electrical devices (1) comprising a PTC
element (2) comprised of a polymer having
conductive particles dispersed therein. Top and
bottom surfaces of the PTC element (2) are coated
with a conductive layers (3,4) respectively.
Electrodes (5,6) with a plurality of voids are
affixed the conductive layers (3,4) on each
surface of the PTC element (2) respectively. The
devices (1) are made by dispersing conductive
particles into a polymer to form a polymer PTC
composition; The polymexr PTC composition is melt
shaped to form a laminar shaped PTC element (2).

First and second opposing surfaces of the PTC

element are coated with a conductive layer {(3,4).
The electrodes (5,6), characterized by a
plurality of voids, are brought into contact with
the conductive layers (3,4) and heated while
applying pressure to form a laminate. The
laminate is then further shaped into a plurality
of PTC electrical circuit protection devices.
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