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0 Abstract . -

PTC CIRCUIT PROTECTION DEVICE
AND MANUFACTURING PROCESS FOR SAME

DESCRIPTION

The present invention relates to polymer PTC

electrical circuit protection devices and methods

for producing them.
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ound of the Invention

It is well known that the resistivity of wmany
conductive materials change with temperature.
Resistivity of a positive temperature coefficient
(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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ences a power surge, the current flowing through
the PTC device 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 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
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-
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
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
surge), the PTC device will cool down below its

critical temperature to its normal operating, low
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resistance state. The effect is a resettable,
electrical circuit protection device. '
Polymer PTC electrical circuit prof:ection
devices are well known in the industry. Conven-
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

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-
ed 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 electrodes of meshed construction
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, e-lectrodes of this type result in a PTC
device with a high initial resistance even when the

resistivity of the conductive polymer is low. In
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addition, the use of mesh electrodes with polymer
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.

This Sheet Has Been R

M



‘WO 96/36057

10

15

20

25

. Summary of the Invention

Accordingly, it is an object of the present
invention to provide an electrical device with
improved physical contact between the electrode and
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

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
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
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.

In a second aspect the present invention

provides an electrical device comprising a PTC
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element composed of a polymer having electrically
conductive 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 a three-
dimensional, initially open cellular structure
characterized by an imner boundary and an outer
boundary, are affixed to the £first and second
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-
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
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
second coated surface of the laminar shaped PTC

element is brought into contact with a second elec-
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trode, 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 lami-
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
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
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

characterized by an inner boundary and an outer

PCT/US96/06629

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.

Other advantages and aspects of the present

invention will become apparent upon reading the
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following description of the drawings and detailed

description of the invention.
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Brief Degcription of the Drawipgs

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

FIG. 2 is a perspective view of an electrical
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
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.

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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Detailed Description

While this invention is susceptible of embodi-
ment in many different forms, there is shown in the
drawings and will herein be described in detail
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
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, aﬁd electrodes 5 and 6.

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
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
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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generally less than 0.01 inch thick, however, it is
preferred that electrodes 5’ and 6’ are 0.003 to
0.008 inch thick.

PTC element 2’ includes a conductive polymer
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-
ene, polybutadiene, polyethylene acrylates, ethyl-
ene acrylic acid copolymers, and ethylene propylene

copolymers. In a preferred embodiment, the polymer

- is a high density polyethylene such as Petrothene

LB 8520-00, manufactured by Quantum. The electri-
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
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,
the electrically conductive particles comprise

carbon black, preferably one that has a ASTM clas-

12
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sification N660, such as Raven 430, manufactured by
Columbian Chemical Co.

In another embodiment of the present inven-
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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bodiment, conductive layers 3’ and 4’ comprise a
polymer based thick film ink such as CB115, manu-
factured by DuPont Electronic Materials.

In another embodiment of the present inven-
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.

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
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
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
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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intercies between cells in the electrode structure.
. In a preferred embodiment, illustrated in FIG.
5, instead of a layered laminate electrical device,
the electrical device is really comprised of seven
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
filled with conéuctive 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 comprised solely
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-
gscribed 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
device comprises £five zones. Two opposed outer

zones have empty open electrode cells {(which may

15
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optionally be filled with metal by plating, solder-
ing or the like). Inward of the outer zones are
two opposed zones of electrode cells filled with
conductive layers. A central inner 2zone is com-
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
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
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-
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,
and more preferably have an electrical resistance

at 25°C of less than 0.1 ohm.
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It has been found that PTC electrical devices
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
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.
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-
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.

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.

The step of heating and applying pressure to

the sandwich structure is generally carried out at

17
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a pressure of at least 100 p.s.i. and a temperature
of at least 180°C for a period of at least 1 min-
ute. Preferably, the step of heating and applying
pressure to the coated PTC element and electrodes
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
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
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
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
state. The molten paste is then cooled until it

solidifies, whereby the conductive terminals are

18"
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attached to the electrodes of the device. A solder

preform may be substituted for the conductive paste

. in the above described process.

In another embodiment, terminals are applied

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
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 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.
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

layers when the conductive layers cannot resist
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temperatures up to 280°C. The result is a device
with an initially high electrical resistance.

Thus, in a preferred embodiment the conductive
layer comprises CB1l1l5, a polymer based thick film

5 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 températures up to

10 280°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

15 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
20 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.
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EXAMPLE 1
A quantity of high density polyethylene (HDPE)
(manufactured by Quantum under the trade name
Petrothene) and carboﬁ 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
polyrqer composition was prepared using the polyeth-

ylene and carbon black in the amounts listed below

in Table 1.
TABLE 1

density volume weight weight

{agm/ecc) (%) (%) {em)
HDPE 0.96 65 4s.08 117.78
(Petrothene
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-
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
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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energy input, due to the mixing, caused the temper-

"ature 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. 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

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

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
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

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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copper wire cloth was then plated with silver using
conventional electrolysis methods. The silver-
plated copper wire electrodes measured approximate-
ly 0.004 inch thick. The electrodes were then af-
fixed to the top and bottom thick f£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
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.
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
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
solidified, thus connecting the terminals to the

electrodes of the device.

23
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Comparison devices were prepared using the
same materials and processes described 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 parisog 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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the devices was measured using a tensile tester
with a digital zreadout (manufactured by Scott,
Model CRE/500). The procedure included:

1) Positioning 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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TABLE 2
MESH / THICK FIIM INK MESH ‘
CONDUCTIVE LAYER
SAMPLE INITIAL PULL INITIAL PULL
NO. RESISTANCE TEST RESISTANCE TEST
{ohms) {ibs.) (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
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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 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

a hot press which had plates 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
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-
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.
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Conductive terminals or leads were applied to
the PTC devices of the present invention in the
same manner as in Example 1.

Comparison devices were prepared using the
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
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
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-
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-

ison samples in the same manner as in Example 1.
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The electrical properties of the electrical
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-

5 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

10 results of these tegts are listed in Table 3 below.

TABLE 3

NI FOAM / THICK FIIM NI FOAM
INK CONDUCTIVE LAYER

SAMPLE  INITIAL INITIAL
NO. RESISTANCE . RESISTANCE

(Ohms) (Ohms)

1 0.1686 0.3579

2 0.1674 0.3509

3 0.1621 0.3859

2 0.1582 0.4213

5 0.1770 0.4184

s 0.1619 0.4008

7 0.1647 0.3717

3 0.1882 0.3557

s 0.1546 0.3867
10 0.1492 0.3852
AVERAGE  0.1652 0.3835
MINTMOM  0.1482 ' 0.3509
MAXIMUM  0.1882 0.4213

EXAMPLE 3
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A number of 2 inch X 2 inch sample PTC ele-
ments were prepared in the same manner as disclosed
in Example 1. A 2 inch x 2 inch sample PTC element
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
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(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-
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.
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TABLE 4
NI FOAM / SILVER NI FORM
FLAKE CONDUCTIVE
LAYER
SAMPLE  INITIAL INTTIAL
NO. RESISTANCE ) RESISTANCE

(Otms) {otms)

: 0.2886 0.3579

2 0.2520 53572

3 0.2466 e

4 0.2783 5-3853

3 0.2631 0.4184

6 0.3141 : T

7 0.2497 0.3717

s 0.2639 0.3557

H 0.2959 0.3867

10 0.2772 0.3852

AVERAGE  0.2729 Py

MINIMOM  0.2466 53508

MAXTMUM 0.3142 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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CLAIMS
I claim:
1. An electrical device comprising:
a PTC element .including a polymer with
5 electrically conductive particles dispersed
therein, said PTC element having first and second
surfaces;
a pair of conductive layers respectively
contacting séid first and secoﬁd surfaces of said
10 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,
i5 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:
20 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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a pair of conductive layers respectively
contacting said first and second surfaces of said
PTC element;
a pair of electrodes respectively confronting
5 sald 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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5. An electrical device according to
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claims 1 or 2, wherein said electrodes comprise a
metal selected from the group consisting of 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.

35

_—

This Sheet Has B

[T



* € L M s %

‘WO 96/36057 PCTI0S96/06629
11. An electrical device according to
claim 2, wherein said distance between said inner
boundary and said outer boundary '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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17. An electrical device according to
claims 1 or 2, wherein said device has a resistance

at 25°C of less than 1 ohm.

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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claime 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;

38

\

This Sheet

i



‘WO 96/36057

10

15

20

-

L

said outer surface of each said electrode
being 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

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

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
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
three-dimensional, 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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said outer boundary of each electrode being
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

.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
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
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
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
electrode in physical contact with a different one

of said conductive layers;
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said outer surface of each said electrode
being 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

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
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;

PCT/US96/06629

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
surface and an outer surface with a plurality of

voids;

"
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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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31. A method according to claim 29,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried

out for at least 1 minute.

5 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,

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, Dbefore

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

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

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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bringing said conductive terminals into
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;

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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39. A method of making an electrical

device comprising:

PCT/US96/86629

providing a laminar shaped PTC element having

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;

coating said second surface of said PTC
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
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
element and said electrodes to form a laminate
where said inner boundaries of said electrodes' are
in physical contact with said respective first and
second surfaces of said PTC element; and,

forming said laminate into a plurality of PTC

electrical devices.
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40. A method according to claim 39,
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wherein said laminar shaped PTC element has an
electrical resistivity at 25°C of less than 5 ohm

cm.

5 41. A method according to claim 39,
wherein said laminar 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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45. A method according to claim 43,
wherein the step of heating and applying pressure
to said PTC element and said electrodes is carried

out for at least 1 minute.

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

out for 3 to 5 minutes.

47. A wethod according to claim 39,
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,
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

laminar shaped PTC element.
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49. A method according to claim 39,
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further comprising the step of electrically
connecting a conductive terminal to said outer

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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bringing said conductive terminals into
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.

52. A method according to claim 489,

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;

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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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.
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58. The wmethod of claims 28 or 389
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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.
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