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3IN THE UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION
LITTELFUSE, INC. )
an Illinois corporation, ) 01 C 3 0 .
) ;
Plaintiff, )
) Civil Action No.
) ! .
) judge JUDGE ANDERSEN
) = =2
) Jury Trial Demanded %~ -
COMPUSA INC. ) o 3o
a Delaware corporation, o i) - &
AGISTRATE JUDGE ROSEMOND Z %
Defendant. ) AT - 2
DOGKETED o T %
FEB 1512001 & 3

COMPLAINT

Plaintiff Littelfuse, Inc. (“Littelfuse”), for its complaint againfst defendant CompUSA,

Inc. (“CompUSA”), alleges as follows: | |
The Parties

1. Littelfuse is an Illinois corporation with its principal place of business at 800 East
Northwest Highway, Des Plaines, Illinois 60016.

2. Upon information and belief, CompUSA is a Delaware corporation with its
principal place of business 14951 North Dallas Parkway, Dallas, Texas 75240.

3. CompUSA advertises and sells products and conducts continuous and systematic
business 1n this judicial district. Specifically, CompUSA has retail stores in this judicial district.

CompUSA sells its products through its retail stores and on the World Wide Web to customers in

this judicial district.
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Jurisdiction
4. This Court has jurisdiction in this action for patent infringement pursuant to 28
U.S.C. §§ 1331 and 1338(a).
5. Venue lies in this judicial district under 28 U.S.C. §§ 1391 and 1400 because
CompUSA solicits and conducts continuous and systematic business in this district and has
committed the violations complained of herein in this district.

Count I

Patent Infringement— 35 U.S.C. § 271

6. Littelfuse realleges and incorporates by reference the allegations contained in
paragraphs 1 through 5.

7. This action arises under the patent laws of the United States, Title 35 of the
United States Code.

8. On February 8, 2000, United States Letters Patent No. 6,023,403 (Exhibit A,
hereinafter “the ‘403 patent™) was duly and legally issued for an invention entitled “Surface
Mountable Electrical Device Comprising a PTC and Fusible Element.”

9. Littelfuse is the assignee and owner of the ‘403 patent.

10.  CompUSA imports, sells and/or offers for sale motherboards manufactured by
Soyo Computer, Inc., a Taiwanese corporation (the “Soyo motherboards™).

11. The Soyo motherboards carry surface mountable devices manufactured by
Polytronics Technology Corporation, a Taiwanese corporation (the “Polytronics devices™).

12.  The Polytronics deviées infringe at least one claim of the ‘403 patent.

13. CompUSA is infringing at least one claim of the ‘403 patent by using, selling,
offering for sale and/or importing for sale Sovo motherboards carrying the Polytronics devices

and will continue to do so unless enjoined by this Court.
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14.  Upon information and belief, CompUSA will not stop selling and offering to séll
the Soyo motherboards carrying the Polytronics devices to avoid infringing the '403 patent.

15.  Because of its ongoing importation, sale and offers to sell the Soyo motherboards
~ containing the Polytronics devices, CompUSA willfully infringes the ‘403 patent.

Praver For Relief

A That this Court adjudge and decree that CompUSA has infringed one or more of
claims of the ‘403 Patent, and that such infringement is willful and that this case is exceptional
under 35 U.S.C. § 285;

B. That Littelfuse be awarded damages and an assessment of interest and costs
against CompUSA for its infringement of the ‘403 patent, and that such award be trebled under
35U.8.C. § 284

C. | That this Court permanently enjoin CompUSA, its officers, agents, servants,
employees, attorneys, successors, and assigns, and all others in active concert of participation
with CompUSA, from continued infringement of the ‘403 patent under 35 U.S.C. § 283; and

D. Such other relief that this Court deems meet and just.

367541/D/1 BATLO1 -~
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Jury Demand

Plainti{f hereby demands trial by jury.

LITTELFUSE, INC.

ert
an L. Barry

Patricia Kane Schmidt

BELL, BOYD & LLLOYD, LIC.

Three First National Plaza Suite 3300

70 West Madison Street

Chicago, IL 60606

312.372.1121

Attorneys for Plaintiff

ett

Dated this 14th day of February, 2001
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O R

6,023,403
*Feb. 8, 2000

(113 Patent Number:
(451 Date of Patent:

[54] SURFACE MOUNTABLE ELECTRICAL
DEVICE COMPRISING A PTC AND FUSIBLE
ELEMENT

[75] Ioventors: Katherine M. McGuire, Dowpers
Grove; Honorio Luciano, Elk Grove
Village, both of IIL.

[73] Assigoee: Littlefuse, Inc., Des Plaines, H1.

[*] Notice:  This patent issued on a continued pros-

ecution application filed under 37 CFR

1.53(d), and is subject to the twenty year

patent term provisions of 35 US.C.
154(a}2).

[21] Appl. No.: 08/978,657
[22] Tiled:  Nov. 26, 1997

Related U.S. Application Data

f63] Continuation-in-parl of application No. 08/642,597, May 3,
1996, Pal. No. 5,900,800, and a confinuation-in-patt of
application No, 08/642,655, May 3, 1956, Pat. No, 5,699,
607, and a continuation-in-pari of application No. 08/884,
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[571 ABSTRACT

The present invention is a2 device for protecting an elecirical
circuit. The device includes a resistive clement having a first
and a second surface. A first electrode is in electrical contact
with the first surface of the resistive element and a second
elecirode is in electrical contact with the second surface of
the resistive element. A first end termination electrically
connects the circuit and the first electrode. A second end
termination electrically connects the second electrode and
the circuit. An elecirically insulating layer is interposed
between the first and second end terminations and is in
conlact with the first and second electrodes. The end termi-
nations allow for an electrical connection to be made to both
electrodes from the same side of the electrical device.
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SURFACE MOUNTABLE ELECTRICAL
DEVICE COMPRISING A PTC AND FUSIBLE
ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-pari of application
Ser. Nos. 08/642,597 and 08/642,655 U.S. Pat. No. 5,699,
607 filed May 3, 1596, and 08/884,711 U.S. Pat. No.
5,884,391 and 08/685,084 filed Jun. 30, 1997.

TECHNICAL FIELD

The present invention relates generally to a surface
mountable electrical circuit protection device and a methad
for making the device.

BACKGROUND OF THE INVENTION

It is weil known that the resistivity of many conductive
materials change with temperature. Resistivity of a positive
temperature coefficient (“PTC”) material increases as the
temperature of the material increases. Many crystalline
polymers, made electrically conductive by dispersing con-
ductive fillers therein, exhibit this PTC effect. These poly-
mers generally include polyolefins such as polyethylene,
polypropylene and ethylene/propylene copolymers. Certain
doped ceramics such as barium titznate also exhibit PTC
behavior.

Al temperatures below a certain value, i.e., the critical or
switching temperature, the PTC material exhibiis a rela-
tively low, constant resistivity. However, as the temperature
of the PTC material increases beyond this point, the resis-
tivity sharply increases with only a slight increase in tem-
perature.,

Electrical devices employing polywer and ceramic mate-
rials exhibiting PTC behavior have been used as overcurrent
protection in electrical circuits. Under mormal operating
conditions in the electrical circuit, the resistance of the load
and the PTC device is such that relatively little current flows
through the PTC device. Thus, the temperature of the devics
due to F’R heating remains below the critical of switching
temperature of the PTC device. The device is said to be ia
an equilibrium state (i.¢., the rate at which heat is generated
by I?R heating fs equal 1o the rate at which the device is able
10 lose heat 1o its surroundings).

If the load is short circuited or the circuit experiences a
power surge, the cwrent flowing through the PTC device
increases and the temperature of the PTC device {due to I’R
heating) rises rapidly to its critical temperature. At this point,
a great deal of power is dissipated in the PTC device and the
PTC device becomes unstable (i.e., the rate at which the
device geperates heat is greater than the rate at whick the
device can lose heat to its swrrovndings). This power dissi-
pation only occurs for a short period of time (i.e., a fraction
of a second), however, because the increased power dissi-
pation will raise the temperature of the PTC device to a
value where the resistance of the PTC device has become so
bigh that the current in the circuit is limited to a relatively
low value. This new current value is enough to maintain the
PTC device at a pew, high temperature/high resistance
equilibrium point, but will not damage the electrical circnit
components. Thus, the PTC device acts as a form of a fuse,
reducing the current flow through the short circuit load to a
safe, relatively low value when the PTC device is heated to
its critical temperature range. Upon interrupting the current
in the circuit, or removing the condition responsible for the
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short cireuit {or power surge), the PTC device wiil cool
down below its critical temperature to its normal operating,
low resistance state. The effect is a resettable, electrical
circuit protection device,

Particularly useful devices of this type generally include
a PTC element sapdwiched between a pair of laminar
electrodes. In order 1o conpect devices of this type to other
electrical components, terminals are commonly soldered to
the electrode. The soldering process, however, can adversely
affect the resistance of a polymeric PTC element. Moreover,
since electrical connection generally occurs on opposing
sides of the PTC clement, devices of this type commonty
take up more space ot a PC board than is necessary.

SUMMARY OF THE INVENTION

We have now discovered that important advantages result
from malang ¢lectrical corneclion to both electrodes from
the same side of the PTC device. The wrap-around configu-
ration of the PTC devices of the present invention allow oze
to make an electrical connection to an electrode on the
opposite side of the PTC device. Further, since electrical
devices of the present invention make electrical connection
by wrapping a conductive layer around the PTC element
rather than putting a conductive layer through an aperture in
the PTC element, the device utilizes more cross-seclicnal
area of the PTC element, resulting in higher-rated devices.

Moreover, the manufacturing steps necessary to produce
electrical devices according to the present invention allow
for numerous steips to be prepared simultaneously, with the
final strips ultimately divided into a plurality of electrical
devices. This process makes it possible to reduce the size
and, hence, the resistance of the clectrical devices of the
present ipvention.

In & first aspect of the present invention there is provided
a device for protecting au electrical circuit. The device
comprises a resistive element having a first and a second
surface. A first electrode Is in elecirical contatct with the first
surface of the resistive element and a second electrode is in
electrical contact with the second surface of the resistive
element. A first end termination ¢lectrically connects the
circuit and the first electrode. A second end fermination
electrically connects the second electrade and the circuit. An
electrically insulating layer is interposed between the first
and second end terminaiions and is in contact with the first
and second electrodes,

In a second aspect of the present invention there is
provided a device for protecting an elecirical circuit. The
device comprises a conductive polymer PTC ¢lement having
a first and a second surface and z first and a second side wall.
A first etectrode is in electrical contact with the first surface
of the PTC element and 2 second electrode is in electrical
contact with the second surface of the PTC element. A first
end termination electrically connects the circuit and the fisst
electrode and is in contact the first side wall of the PTC
element. A second end termination electrically connects the
second electrode and the circuit and is in contact with the
secord side wall of the PTC clement. An electrically insu-
lating layer is interposed between the first and second end
terminations and is in contact with the first and second
elecirodes.

Ta a third aspect of the present invention there is provided
an electrical device for protecting a circuit. The device
inchudes a resistive element in scries with a fusible element.
The resistive element has a first and a second surface. A first
electrode is in electrical contact with the first surface of the
PTC element and a second electrode is in electrical contact
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with the second surface of the PTC element. A first end
termination provides electrical connection between the cir-
cuit and the first electrode. The fusible element is electrically
connected In serfes with the PTC element. A second end
termination provides elecirical connection between the fus-
ible clement and the circuit.

In a fourth aspect of the present invention there is pro-
vided a device for protecting an electrical circuit. The device
inchides a PTC element in series with a fusible element. The
PTC element comprises a conductive polymer and includes
first and a second surfaces and first and second side walls.
A first electrade is in elecirical contact with the first surface
of the PTC element and a second electrode is in ¢lecincal
contact with the second surface of the PTC clement. A first
end termination provides electrical connection between the
circuit and the first elecirode and is in contact with the first
side wall of the PTC element. The fusible element is
electrically connected in series witk the PTC element. A
second end termination provides electrical connection
between the fusible element and the cireuit and s in contact
with the second side wall of the PTC element.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention will be
had upon reference {o the following detailed description and
accompanying drawings. The size and thickness of the
various elements ilfustrated in the drawings has been greatly
exaggeraled 1o more clearly show the electrical devices of
the present imvention.

FIG. 1 is a top view of an electrical device according to
the present invention.

FIG. 2 is a cross-sectional view along line a—a of a first
embodiment of the electrical device illustrated ia FIG. 1.

FIG. 3 is a cross-sectional view along line a—a of 2
second embodiment of the electrical device illustrated in
FI1G. 1.

FIG. 4 is a perspeciive view of a laminar PTC sheet
having a plurality of strips created in a regular pattern.

FIG. 4A. is a perspective view of the laminar FTC sheet
illustrated in FIG. 4 having a plurality of break points
created on each strip.

- FIG. 5 is a partial enlarged perspective view of the
laminar PTC sheet having a plurality of strips as iHustrated
in FIG. 4.

FIGS. 6A-611 illustrate the various steps of a preferred
method of manufacturing electrical devices of the present
invention, as applied to a cross-section of a single sirip of the
PTC sheet in FIG. 4A.

FIGS. 7A-7D illustrate the steps of a second preferred
method of manufacturing electrical devices of the present
invention, slarling with the device illusirated in FIG. 6E.

FIG. 8 is a cross-sectional view of a preferred embodi-
ment of the device in FIG. 1 soldered to a PC board.

FIGS. 9A-9G illustrate the steps of a third preferred
method of manufacturing electrical devices of the present
invention as appked to a cross-section of a single strip of the
PTC sheet in FIG. 4A.

FIG. 10 is a cross-sectional view of a preferred embodi-
ment of the device in FIGS. 9A-9G soldered to a PC board.

FIGS. 11A-11G illustrate the steps of a fourth preferred
method of manufacturing electrical devices of the present
invention as applicd to a cross-section of a single sirip of the
PTC sheet in FIG. 4A.

FIG. 12 is a cross-sectional view of a preferred embodi-
ment of the device in FIGS. 1IA-11G soldered to a PC
board.
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FIG. 13 is a front view of a preferred embodiment of a
device for protecting an electrical circuit according to the
present invention.

FIGS. 14A~14H illustrate the steps of a preferred method
of manufacruring the device illustrated in FIG. 13 as applied
10 a cross-scction of a single sirip of the laminar PTC sheet
in FIG. 4A.

FIG. 15 is a front view of a preferred embodiment of 2
device for protecting an electrical cirenit according to the
present invention.

FIGS. 16A-16G illustrate the steps of a preferred method
of mamnfacturing the device illustrated in FIG. 15 as applied
10 a cross-section of a single strip of the Jaminar PTC sheet
in FIG. 4A. '

DETAILED DESCRIPTION OF THE
INVENTION

While this invention is suscepiible of embodiment in
many different forms, there is shown in the drawings and
wili herein be described in detail preferred embodiments of
the ipvention with the understanding that the present dis-
closure is 1o be considered as an exemplification of the
pricciples of the invention. For example, the present inven-
tion will be described below generally with reference to a
polymer PTC element having electrodes formed on the top
and bottom surfaces, It is to be understood, however, that the
present invention contemplaies electrical devices with a
ceramic PTC element, or a resistive element thai does not
exhibit PTC characteristics.

Generally, the resistive element of the present invention
will be composed of a PTC composition comprised of a
polymer component and a conductive filter component. The
polymer component may be a single polymer or a mixture of
two or more different polymers. The polymer componeat
may comprise a polyolefin having a crystallinity of ai least
40%. Suitable polymers include polyethylene,
polypropylene, polybutadiene, polyethylene acrylates, eth-
vlene acrylic acid copolymers, and ethylene propylene
copolymers. In 2 preferred embodiment, the polymer com-
ponent comprises polyethylene and maleic anhydride (such
a polymer is mapufactured by Du Pont and sold under the
tradename Fusabond™). The conductive filler component is
dispersed throughout the polymer componert i an amouat
sufficient to ensure that the composition exhibits PTC
behavior, Alternatively, the conductive filler can be grafted
to the polymer. Generally, the conductive filler component
will be present in the PTC composition by approximately
25-75% by weight. Suitable conductive fillers to be used in
the present invention include powders, flakes or spheres of
the following metals; mickel, silver, gold, copper, silver-
plated copper, or metal alloys. The conductive filler may
also comprise carbon black, carbon flakes or spheres, or
graphite. In a preferred embodiment, the conductive filler
componrent used in the present invention is carbon black
{mamufactured by Columbian Chemicals and sold under the
tradename Raven™). Particularly useful PTC compositions
have a resistivity at approximately 25° C. of less than 10
ohm cm, partictlarly less than 5 ohm cm, and especially less
than 3 ohm cm. Suitable PTC compositions for use in the
present invention are disclosed in U.S. patent application
Ser. No. 08/614,038, and U.S. Pat. Nos. 4,237,441, 4,304,
987, 4,849,133, 4,880,577, 4,910,389 and 5,190,667.

The PTC element has a first electrode in electrical contact
with the top surface and a second electrode in electrical
contact with the bottom surface. The elecirodes may be in
direct physical contact with the top and bottom surfaces of
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the PTC element, however, electrical devices of the present
invention may also inchide a conductive adhesive compo-
sition which lics between the electrodes and the PTC ele-
ment.

In 2 preferred embodiment, the PTC element is sand-
wiched between two metal foil electrodes to form a lami-
nate. Alternatively, the elecirodes can be formed on the top
and bottom surfaces of the PTC element using conventional
electroless or electrolytic plating processes. The first and
second electrodes preferably comprise a metal selected from
the gronp consisting, of mickel, copper, silver, tin, gold and
alloys thereof.

Embodiment Ilustrated in FIGS. 1-3

With reference now to FIGS. 1-3, the electrical device 10
of the present invention comprises a resistive element 20
having a top surface 30, a bottom surface 40, a first side 30
and a secord side 60. Both the top aed bottom surfaces 30,
40 have two end portions 70, 80 and 70°, 80° scpasated by
mid-portions 90, 0'. A first clectrode 100 is formed on the
top surface 30 of resistive element 20 amxd a second electrode
110 is formed on the bottom surface 40 of resistive element
20. As previously mentioned, preferably resistive element 26
is composed of a polymer PTC composition.

An insulating fayer 120 is formed on electrodes 100, 110
and the first side 50 and the second side 60 of the resistive
element 20. The insulating Iayer 120 can be composed of a
photo tesist material, a dielectric material, a ceramic
materal, a solder mask, or any electrically non-conductive
material. The insulating layer 120 has a porticn Temoved
from the first electrode 100 to define a first contact point 130
and a portion removed from the second electrode 110 1o
define a second contact point 140. In the preferred embodi-
ments illusirated in FIGS. 2-3, the first contact point 130 is
adjacent the end portion 70 of the top surface 30 of the
resistive element 20, while the second contact point 140 is
adjacent the end portion 8¢ of the bottom surface 40 of the
resistive element 20 (i.¢., the first and second contact points
130, 140 are located on opposite sides and oppuosite ends of
the electrical device 10). While ihis coefiguration is
preferred, the present inveniion covers electrical devices
having contact points located anywhere along the first and
second electrodes provided that electrical connection can be
made (o both electrodes from the same side of the electrical
device.

A first conductive layer 150 is formed on the insulating
layer 120 and makes electrical contact with the first and
second electrodes 100, 110 at first and second contact points
130, 140. Conductive layer 150 may be comprised of amy
conductive material, but preferably comprises a metal
selected from the group consisting of copper, tin, silver,
wickel, gold and atloys thereof. It is important that the first
conductive layer wrap-around the sides of the electrical
device, This wrap-around configuration allows for efectrical
connection io be made to both electrodes from the same side
of the electrical device.

The first conductive layer 150 has portions removed from
insulating layer 120 to form end terminations 155, 156. Each
end termination includes a contact point. The end termina-
tions 155, 156 are separated by electrically non-conductive
gaps 168, 170. FIGS. 2-3 illustrate an electrical device 10
wherein the electrically non-conductive gaps 160, 170 are
formed adjacent the mid-portions 90, 98" of the top and
bottom surfaces 30, 40 of resistive elemeni 20. It should be
vndesstood, however, that the electrically non-conductive
gaps 160, 170 can be formed anywhere in the first conduc-
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tive layer 150 as long as the electrically non-conductive gaps
separate end terminations 155, 156, with each end termina-
tion including a contact point. This configuration prevents
current from flowing circularly around the electrical device.
Instead, cumrent may flow around either end portion of the
electrical device via 2n end termination, 1o the first contact
point, and through the resistive element to the second
contact point formed on the opposite side of the electrical
device.

The electrically non-conductive gaps 160, 170 can be
formed by a conventional etching process. In FIGS. 2-3, the
noo-conductive gaps 160, 170 are left vacant, thus exposing
insulating layer 128. Altemmatively, the non-conductive gaps
160, 170 can be filled with any electrically non-conductive
material.

Referring specifically to FIG. 3, in a preferred embodi-
ment of the present invention, a second conductive layer 180
is formed on the first conductive layer 156. The second
conductive layer should not bridge non-conductive gaps
166, 170 or any elecirically non-conductive material which
might #1f the noa-conductive gaps 160, 170. The second
conductive layer 180 is preferably a selder composition
which allows the device 1€ to be easily connected to the
conductive terminals of a PC board. By completely coating
the first conductive layer 156 with the second conductive
Iayer 180, the electrical device 160 of the preferred embodi-
ment is symmetrical. Accordingly, the device 10 does not
need to be oriented in a special manner before it is mounied
to a PC board or connccted to additional electrical compo-
pents. It should be understood, however, that the present
invention covers an electrical device 10 where the second
conductive layer 180 contacts only a portion of the first
conductive layer 150, or is in contact with the first conduc-
tive layer 150 on one side of the device oaly, ie., a
non-symmetrical device.

Flectrical devices of the present invention have a resis-
tance at approximately 25° C. of less than 1 obm, preferably
less than 0.5 ohm, and especially Jess than 0.2 ohm.

Embodiments Hiustrated in FIGS. 4-5

The electrical devices of the present inveation can be
manufactured in various ways. However, as iflustrated in
FIG. 4, the preferred method provides for carying out the
processing steps om a relatively large faminar sheet 185
which comprises a plurality of strips 186, 186", 186", eic.
The final processing step includes dividing the strips into a
plurality of electrical devices. Accordingly, exiremely small
electrical devices with low resistances can be produced in an
economical fashion.

In a preferred method, electrodes are formed on the top
and bottom swrfaces of a solid laminar PTC sheet of con-
venient size. As previously mentioned, preferably the PTC
sheet is lammnated between two metal foil electrodes.
Alternatively, electrodes may be plated directly on the top
and botiom surfaces of the PTC sheet using conventional
electrolytic or electroless plating processes. Referring 1o
FIG. 4, the termirated laminar PTC sheet is then routed or
punched to create a plurality of strips 186, 186", 186", eic.
The strips are created in a regular pattern and preferably
have a width, W, approximately the desired length of the
final electrical device. For example, a laminar PTC sheet
approximately & inches wide by 8 inches long by 0.0150
inckes thick may be routed or punched to create a plurality
of strips 186, 186, 186", elc. approximately 7 Inches in
length with a width of approximately 0.160-0.180 inches or
less. The top and bottom surfaces of each strip are composed
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of the first and second electrodes 100, 110. The side surfaces
of each strip are composed of PTC element 20 due to the
routing or punching procedure.

After the laminated PTC sheet is touted, a plurality of
break points 187, 187, 187" .. . 187qa, 187/, 187a" .. . 187D,
1870, 187b" . . . eic. are created horizontaily across each
strip (FIG. 4A). The break poiuts allow the final strips to be
divided into a plurality of electrical devices by exerting
minimal pressure at each break point. Thus, the final strips
can be efficiently divided inlo a plurality of electrical devices
by snapping or simply running the strip over an edge.
Laboratory tests have indicated that without break points,
the conductive layers {(described in detail below) lend fo
smear upon dividing the strips into electrical devices with
conventional dicing and shearing techniques. Smeared con-
ductive layers lead to faulty electrical devices and the
increased possibility of short circuits.

Generally, the break points are created by removing
portions of the electrodes on both the top and botlom
surfaces of each strip. This can be accomplished by Iami-
pating the routed, terminated PTC sheet illusirated in FIG. 4
with a dry film photo resist material. A masking material is
laid over the portions of the photo resist material which are
to be developed or cured, leaving a plurality of unmasked
regions approximately 5 mils thick stretching horizontally
across ¢ach strip. Preferably, the unmasked regions are
formed on the routed, terminated laminar PTC sheet in the
same direction as the direction in which the PTC composi-
tion was extruded. Since the polymer chains in the PTC
composition are elongated in the direction of extrusion, the
brittleness of the PTC sheet is anisotropic. That is, the PTC
sheet is stronger in one direction {i.e., perpendicular 10 the
direction of extrusion) than it is in the direction paralle] to
extrusion. Thus, by creating the break points parallel to the
direction of exirusion, the final strips may be easily divided
mnto a plurality of elecirical devices.

The unmasked regions should be created to leave a
plurality of masked portions having 2 dimension approxi-
mately equal to the desired width of the final electrical
device, e.g., 0.100-0.150 inches or less. The strips are then
exposed lo ultravioket light whereby the unmasked regicns
of the photo resist material degrade. The degraded photo
sesist materiai is rinsed away to expose portions of the
electrode surfaces. The exposed portions of the electrodes
are then removed by a conventional etching process {(e.g.,
subjecting the exposed elecirode surfaces to a ferric chloride
sclution), thus, creating a pharality break poiats. Finally, the
developed or cured dry film photo resist material is chemi-
cally removed by dipping the PTC shest into a solvent such
as potassium hydroxide.

F1G. 5 illustrates a partial enlarged cross-sectional view of
several strips of the laminar PTC sheet. While the various
process steps are 1o be carried oul after the break points have
been formed on the routed PTC sheet, for purposes of clarity,
the various process steps will be discussed with reference to
a cross-section of a single strip (illustrated in FIGS. 6A—6H
and TA-7D).

Embodiment Iilustrated in FIGS. $§A—6H

After the break points have been created on each strip of
the routed, terminated laminar PTC sheet (FIG. 6A), the
strips of the laminar PTC sheet are coated with an insulating
layer 120 (FIG. 6B). The insulating layer 120 may be
applied using any one of the following conventional tech-
piques: brushing, laminating, dipping, screen printing or
spraying. The ipsulating layer 120 may comprise aay elec-
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trically non-conductive material, however, preferred matfe-
rials include a photo resist matenal, a ceramic material, a
dielectric material, or a solder mask.

A plurality of coptact points 130, 140, are formed in a
regular patiern on the top and bottom surfaces of each strip
(FIGS. 6C-6D). It should be understood that the present
invention covers methods where the insulating layer 120 is
applied to the strips leaving portions of the electrodes 106,
110 initially exposed to create the contact points 130, 148
Additionally, the present invention covers methods where
the insulating laver 120 is initially applied lo the entire
surface of each strip. Contact points 130, 140 are then
formed by removing portions of the insulating layer 120. For
example, referring to FIGS. 6B—6D, a positive working
pholo resist material is used as the insulating layer 124, A
mask, reference letter M in FIG. 6C, is applied to the
portions of the photo resist material which are to be devel-
oped or cured on the surfaces of each strip, leaving portions
of the photo resist malerial which will form the contact
points 130, 149 unmasked (shown as cross-hatched portions
of the insulating layer in FIG. 6C). The strips are then
exposed to ultraviolet light whereby the unmasked portions
of the photo resist material degrade, The degraded photo
resist material is rinsed away to expose the electrode sur-
faces (FIG. 6D}, thus, forming a plurality of conlact poinis
on the top and bottom surfaces of each strip. This process
can be reversed using a negative photo Tesist material (i.¢.,
the unmasksd portions will develop or cure upon exposure
to ultraviclet light).

After the plurality of contact points 130, 140 has been
formed, a first conductive layer 150 is applied to the sirips
(FIG. 6E). The condactive layer 150 may be applied by a
conventional plating fechunique {e.g., electroless plating).
Alternatively, the conductive layer may be applied by
dipping, spraying or brushing a conductive material to the
strips iz a liquid form. In a preferred embodiment the first
conductive layer 150 comprises a metal selected from the
group consisting of pickel, copper, tig, silver, gold or alloys
thereof. The first conductive layer 150 must make electrical
contact with the electrodes 100, 110 at each contact poini
formed on the sirips.

As iHustrated in FIGS. 2-3 and 6E, the first conductive
layer 150 wraps around the end portions of the electrical
device 18, This wrap-around configuration makes it possible
to make electrical contact to both electrodes from the same
side of the electrical device.

In ke next step, a plurality of electrically non-conductive
gaps 166, 1708 are formed ic the first conductive layer 150 in
a regular patiern on the top and bottom surfaces of each strip
(FIGS. 6F—6G). The electrically non-conductive gaps 160,
170 may be formed by applying the first conductive layer
150 initially in a manner which leaves portions of the
insulating layer 120 exposed. However, the present inven-
tion also covers methods where each strip is completely
covered with the first conductive Tayer 150 and the electri-
cally non-conductive gaps 160, 170 are created by removing,
portions of the first conductive layer 150 in a regular patiern
on the top and bottom surfaces of each strip. Either process
reskls in forming on each strip a plurality of first and second
end terminatons 155, 156 separaled by the slectrically
nor-conductive gaps 160, 170.

For example, with reference to FIGS. 6E-6G, a protective
mask, reference letter M in FIG. 6F, is applied to the
conductive layer 150, leaving predetermined portions
exposed {the exposed portions are represented by the cross-
hatched sections of the conductive layer 150 in FIG. 6F).
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The exposed portions are then removed by a conventional
etching process, e.g., subjecting the exposed portions to a
ferric chloride sclution.

Embodiment [llustrated in FIGS. 7A-7D

Alternatively, the electrically non-conductive gaps 160,
170 and end terminations 155, 156 can be formed by the
following method. First conductive layer 150 is applied 1o
each strip, coating insulating layer 120 and contact points
130, 140 (FIG. 6E). Referring now to FIGS. 7A-7D, a photo
resist material 194 is applied 1o the conductive layer 150. If
a photo resist material is used to form insulating layer 120,
then the second photo resist maierial 190 used in this step
must have an opposite reaction to ultraviolet Might (ie., if a
negative-working photo resist material was used to form the
insulating layer, than a positive-working pholo resist mate-
rial must be used to form the electrically non-conductive
gaps in the conductive layer and vice-versa). A masking
material, reference letter M in FIG. 7B, is applied to the
outer photo resist layer 190, leaving a plurality of portions
of the top and botiom surfaces of the layer 190 exposed in
a regular patiern. The strips are then subjected to ultraviolet
light, causing the unmasked portions of the outer photo resist
layer 190 to degrade. The degraded portions of the photo-
resist material 190 are ripsed away, leaving a plurality of
portions of the first copductive layer 150 exposed in a
regular pattern on the top and bottom surfaces of each sixip
(FIG. 7C). The exposed portions of the conductive layer 150
(shown as cross-hatched sections of the conductive layer in
FIG. 7C) are then removed by dipping the strips in a
stapdard etching solution. As 2 result, portions of insulating
layer 120 ars exposed. The outer photo resist material 190 is
then removed by further exposing the stirips to ultraviolet
Tight (FIG. 7D). Since poriions of the insulating layer 120
are exposed during this step, it is important to use a photo
resist material 190 which bas an opposite reaction to ultra-
violet light than the pholo resist material that may have been
used to form insulating layer 120,

As a result of either process, Le., (1) applying the con-
ductive layer to the entire surface of the strips and then
removing portions of the conductive layer or, (2) initially
applying the conductive layer in a manner which leaves
portions of the insulating layer exposed, first and second end
terminations 155, 156 are formed (FIG. 6G).

In the preferred embodiment illustrated in FIGS. 3 and
6H, a second corductive layer 180 is applied to the first
conductive layer 150. The second conductive layer 180 is
preferably comprised of a solder composition and can be
applied by any conventional process, including electrolytic
plating or solder dipping. The layer of solder permits the
electrical devices 10 of the present invention to be easily
connecied 1o the conductive terminals of a PC board.

Tn ihe final step, the strips are divided at each break point
into a phurality of electrical devices such that each device has
a contact point and an elecirically non-conductive gap on
both sides {i.c., top and bottom) of the device. As previously
mentioned, the strips may be divided into a plurality of
electrical devices by simply applying a minimal amount of
pressure at ¢ach break point.

Embodiment Hustrated in FIG. 8

With reference to FIG. 8, the arrows indicate the flow of
current through the device. The end iterminations allow
curreni to flow from a conduciive terminal of a PC board,
around the outer edge of the device {(via the first end
termination), to the first electrode at the first coniact point.
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The current then flows through the PTC clemeni to the
second electrode. Current exits the device through the con-
tact point of the second end termination and continues o
flow through the remainder of the cirenit.

Embodiment Hlustrated in FIGS. 9A-9G

In another preferred method, electrodes are formed on the
top and bottom surfaces of a solid laminar PTC sheet of
convenient size. A plurality of break points are alse formed
as previously described. The process steps for formation of
the final electrical device of this embodiment are now
described with reference 10 a cross-section of a single strip
(illustrated in FIGS. 9A-9G and 10).

A masking material, reference letter M in FIG. 9B, is
applied to the electrodes 109, 110, leaving a plurality of
unmasked regions horizontally across each elecirode. As
previously described, the unmasked portions of tie first and
second electrodes 100, 110 are then removed by a conven-
tional etching process (e.g., subjecting the exposed electrode
surfaces to a ferric chloride solution), thus, creating a
plurality of electrically non-conductive gaps 160, 170 in the
first and second electrodes. Forming electrically mon-
conductive gaps 160, 17¢ directly in the first and second
elecirodes 100, 110 results in fewer process sieps required
for the formation of the electrical device 10 of this embodi-
ment.

Alfter creation of the nonconductive gaps 160,170 on each
electrode, the electrodes and the laminated PTC sheet are
coated with an insulating layer 120. As shown in FIG. 9C,
the insulating layer 120 fills the non-conductive gaps 169,
170. As previously described, the insulating layer 120 may
be applied using any one of the following conventional
techniques: brushing, laminating, dipping, screen printing or
spraying. The mnsulaling layer 120 may comprise any elec-
trically non-conductive material; however, preferred mate-
rials include a photo resist material, a ceramic material, a
dielectric material, or a solder mask.

After application of the insulating layer 120, 2 masking
material, reference letier M in FIG. 9D, is applied to the side
portions of strip. The masking material covers the insulating
layer 120 and slops short of the electrically non-conductive
gaps 160, 170, lcaving the insulating layer 120 on the two
top and bottom middle porticns of the PTC element exposed.
The result is a masked, U-shaped portion 121 of the insu-
lating Iayer 120 around each end portion of the PTC element
(FIG. 9D). Tke strip is then exposed to ultraviolet light,
causing the unmasked portions of the insulating layer 120 1o
harden or eure. The masked portions are unaffected by the
ultraviolet light and rinsed away with a conventional
solvent, leaving the two end poriions 70, 80 of the PTC sheet
and portions of the first and second electrodes 100, 110
exposed (FIG. 9E).

FIG. 9F iflustrates the next siep in the process wherein 2
first conductive layer 150 is applied to the exposed ends 70,
80 of the PTC sheet and adjacent to the electrically non-
conductive gaps 160, 170 in the electrodes. As previously
described, the first conductive layer 150 may be applied by
a conventional plating technigue {e.g., electrolytic plating).
Alternatively, the conductive layer 150 may be applied by
electroless plating, direct metallization, or dipping, spraying
or brushing a liquid copductive material to the strips. The
first conductive layer 150 may comprise a metal selected
from the group consisting of nickel, copper, tin, silver, gold
of alloys thereof. However, in a preferred embodiment, the
first conductive layer 150 is copper. The first conductive
layer 150 wraps around the exposed end portions 70, 80 of
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the elecirical device, ending adjacent to the non-conductive
gaps 160, 170 formed in the electrodes. The first conductive
layer 150 forms first and second end terminations 155, 156
on each end of the device. The end terminaticns 155,156 are
separated by the electrically non-conductive gaps 160, 170
ic the first and second electrodes.

With reference to FIG. 9G, a second conductive layer 180
is applied to the first conductive layer 150. The second
comductive layer 180 is preferably comprised of a solder
composition (1.e., a tinflead mixture) and can be applied by
any conventional process, including electrolytic plating or
solder dipping. The layer of solder permits the electrical
devices 10 of the present invention fo be easily connecied to
the conductive terminals of a PC board. To further improve
solderability, a mickel layer may be applied o the copper
Iayer prior o the application of the solder layer.

The final step in the process again involves dividing the
strips at each break point into a plurality of electrical
devices. The strips may also be divided into individual
clectrical devices by using 2 conveational shearing or
punching process.

Embodiment 1lusirated in FIG. 10

With reference to FIG. 10, the arrows indicate the flow of
electrical current through the device, which is in a manner
different from the previously-described embediments of the
present invention. The first end termination 135 allows
current to flow from a conductive terminal of a PC board, up
through the second 110 {or bottom) electrode. The current
flows through the PTC element 20 1o the first 108 (or top)
electrode. Current then flows around the second end termi-
pation 156, exits the device, and continues 1o flow through
the remainder of the eircuit.

Embodiment [lustrated in FIGS. 11A-11G

In another preferred method, electrodes are formed on the
top and bottom surfaces of a solid laminar PTC sheet of
convenient size. A plurality of break points are also formed
as previously described. The process steps for formation of
the final electrical device of this embodiment are now
described with teference to a cross-section of a single strip
(illustrated in FIGS. 11A-11G and 12}.

A masking material, reference letter M in FIG. 11B, is
applied to the electrodes 100, 110, leaving & plurality of
unmasked regions horizontally across each electrode.
Optionally, a stencil material kaving a plurality of blackened
areas is Iaid over the masking material with the blackened
arcas aligned with the unmasked regions of the electrodes
{not shown). The strip is then exposed to ultraviolet light,
which penetrates through the stencil material, excepi the
blackened areas, and to the masked portions. The stencil is
removed and as previously described, the unmasked por-
tions of the first and second electrodes 100, 110 are then
removed by a conventional etching process (e.g., subjecting
the exposed electrode surfaces to a ferric chloride solution),
thus, creating a plurality of electrically nonconductive gaps
160, 170 in the first and second elecirodes. In this preferred
embodiment, the non-conductive gap 160 in the first elec-
trode is formed at the end of the electrode adjacent the first
end portion 70 of the device (FIG. 1IB). Forming electri-
cally non-conductive gaps 160, 170 directly in the fizst and
second electrodes 100, 110 resulis in fewer process steps
required for the formation of the elscirical device 10 of this
embodiment.

After creation of the non-conductive gaps 160, 170 on
each electrode, the electrodes and the laminated PTC sheet
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are coated with an insulating laver 120. As shown in FIG.
11C, the insulating layer 120 fills the non-conductive gaps
166, 170, The insulating layer 120 is applied by any of the
techniques previously described. The insulating layer 120
may comprise any electrically non-conductive material, but
preferred materials include 2 photo resist material, a ceramic
material, a dielectric material, or a solder mask.

With reference to FIG. 11D, after application of the
insulating layer 126, a masking rmaterial, reference letter M,
is applied to the top and botiom surfaces of each strip. In this
preferred embodiment, the masking material covers the
insulating fzyer 120 on the first end portion 78 leaving an
L-shaped area 120z of insulating material, adjacent the first
elecirically ron-conductive gap 160. On the opposed second
end portion 80, the masking material covers the insulating
layer falling just short of the second electrically non-
conductive gap 170, resulting in a U-shaped area 1205 of
insulating layer (FIG. 11D). The strip is then exposed to
uliraviolet light curing the unmasked portions of the insu-
lating Tayer 120. The masked portions of the insulating layer
120 are rinsed away, leaving the two end portions 70, 80 of
the PTC sheet and portions of the first and second electrodes
100, 110 exposed (FIG. 11E).

FIG. 11F illustrates the next step in the process wherein
a first conductive layer 150 is applied by a conventional
plating technique {e.g., clectralytic plating), or aiternatively,
by dipping, spraying or brushing a liquid conductive maie-
ral to the stps. The first conductive layer 150 is also in
contact with the exposed ends 70, 8¢ of the PTC sheet and
adjacent to the electrically non-conductive gaps 166, 170 in
the electrodes. While the first conductive layer 150 rhay
comprise a metal selecled from the group consisting of
nickel, copper, tin, silver, gold or alloys thereof, in this
preferted embodiment, the first conductive Iayer 150 is
copper. The first conductive layer 15¢ forms an L-shaped
end termination 155 around the first end portion 70 of the
electrical device, and a U-shaped end termination 156
around the second end portion 80 of the PTC device (FIG.
11F). The end terminations 155, 156 are adjacent to and
separated by the electrically non-conductive gaps 160, 170
in the first and second electrodes.

With reference to FIG. 11G, a second conduclive layer
180 is applied 1o the first conductive layer 150. The second
conductive layer 180 is preferably comprised of a solder
comgposition (L.c., a tinllead mixture) and can be applied by
any conventional process, including electrolytic plating or
solder dipping. The layer of solder permits the electrical
devices 10 of the present invention to be easily connected io
the conductive terminals of a PC board.

The final step in the process again involves dividing the
strips at each break point imto a plurality of clectrical
devices; e.g., shearing, spapping, or punching,

Embodiment 1lustrated in FIG. 12

‘With reference to FIG. 12, the arrows indicate the flow of
electrical current through the device 10. The end termina-
tions 155, 156 aliow current to flow from a conductive
terminal of a PC board, up through the second 110 (or
bottom} electrode. The current flows through the PTC ¢le-
ment 20 10 the first 100 (or top) electrode. Current then flows
arourd the U-shaped end termination 156, exits the device,
and continues 1o flow through the remainder of the circuit,
While previous embodimentis were symmetrically oriented,
the device of this embodiment works most efficiently when
attached to the circuit board in the manner illustrated in FIG.
12, or where the current enters at the U-shaped end termi-
nation 156 and exits via the L-shaped end termination 155.
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Embodiment [lustrated in FIG. 13

With reference to FIG. 13 there is illustrated a preferred
embodiment of a device 10 for protecting an electrical
circuit. The device 10 comprises a resistive element 20
having first and second surfaces 30,48, and first and second
side walls 31,32. As previously mentioned, preferably the
resistive element 20 exhibits PTC behavior and comprises a
conductive polymer. A firsi electrode 100 is in electrical
contaci with the first surface 30 of the resistive element 20
and a second electrode 110 s in electrical contact with the
second surface 40 of the resistive element 20. The device 19
includes first and second end terminations 155,156. The first
end termination 155 efectrically connecis the circuit to be
protected with the second electrode 110. The second end
termination 156 electrically connects the first ¢lectrode 100
with the circuit 1o be protected. An electricaily insulating
layer 120 is interposed between the first and second end
terminations 155,156 and is in contact with the first and
second electrodes 100,110. The elecirically insulating layer
120 acts as a barrier (o current flow through the device 1,
ensuring that current flows from the first end termipation
155 to the second electrode 110, through the resistive
element 20 to the first electrode 100, and from the first
electrode 100 io the second end termination 156.

In the preferred embodiment of FIG. 13, the electrically
insulating layer 126 is formed on the first and second
elecirodes 100,110. To ensure proper cument flow through
the device 10, the insulating layer 120 contacts the first and
second surfaces 30,40 of the resistive. The contact point with
the first surface 30 of the resistive element 20 is intermediate
the first ¢nd termination 135 and the first electrode 100. The
contact point with the second surface 40 of the resistive
element 20 is intermediate the second end termination 156
and the second electrade 110.

In the preferred embodiment illustrated in FIG. 13, the
first and second end terminations 155,136 are each com-
prised of a first conductive layer 150 and a second conduc-
tive layer 180. The end termirations 155,156 wrap-around
the side walls 31,32 of the resistive element 20. In this
embodiment, the first conductive layer 150 of the first and
second end terminations 155,156 contact a portion of the
first and second surfaces 30,40 of the resistive element 26,
respectively. In the preferred wrap-around configuration, the
first conductive layer 150 of the first and second end
terminations 155,156 also contacts the first and second side
walls 31,32 of the resistive element 20.

The first end termination 155 must be in electrical contact
with the second clectrode 110 and the second end termina-
tion 156 must be in electrical contact with the first electrode
100. However, in the preferred embodiment of FIG. 13, the
first end termination 155 is in direct physical contact with
the second electrode 110 and the second end tenmination 156
is in direct physical contact with the first electrode 100.

The preferred materials for use i the device 10 iHlustrated
in FIG. 13 are the same as those previously discussed in
connection with the embodiments illustrated in FIGS. 1-12.

Embodiments [Hustrated in FIGS. 14A-14H

The process for manufacturing the device 10 iflustrated in
FIG. 13 is similar to the process explained above with
respect to FIGS. 6A—6H, 7A-TD), 9A-9G and 11A-11G.
The process is carried out on a routed laminar PTC sheet as
illustrated in FIG. 4A. However, for purposes of clarity, the
various process steps will be discussed with reference to a
cross-section of a single sirip.

With reference to FIGS. 14A-14C gates 210 are formed
in the efectrades 108,110. The routed sheet is precleaned and
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a pholo resist material 200 is applied to each sirip of the
sheet. A photo resist material 200 is imaged using 2 mask or
photolithographic art work as is well known in the art 1o
define the gates 210 on the top and bottom of the device 10.
As will be explained further below, the gates 210 will aliow
the insulating layer 120 to contact the first and second
surfaces 30,40 of the resistive efement 2¢ and form an
insulating barrier between the first end termination 155 and
the first electrode 100, and the second end termination 156
and the second electrode 110,

The unmasked photo resist material is cored and
developed, removing the unmasked material and exposing
the electrodes 100,110 under the gates 210 (FIG. 14B). The
exposed portions of the electrodes 100,110 are eiched away
by subjecting the electrode portions to z ferric chlonde
solution (indicated in FIG. 14B by arrows).

As a result, portions of the first and second surfaces 30,40
of the resistive element 20 are exposed. The remaining photo
resist maierial is then siripped away and the panel is cleaned
(FIG. 14C).

With reference to FIGS. 14D-14F, the end terminations
155,156 are defined. Insulating layer 128 comprising a
dielectric materizl is applied to the device 10 by any
conventional method (e.g., screen prinl or spray
application). Solder mask is the preferred dielectric material,
The erd terminations are imaged onto the solder mask
material 120 using a mask or photolithographic art work. As
shown in FIG. 14E, the unmasked material 220 is cured and
developed, removing the uncured material 220 and exposing
portions of electrodes 100,110’ and the side walis 31,32 of
the resistive element 20. With reference to FIG. 14F, the
exposed portions of the electrodes 100,110 are removed by
a conveptional etching process (e.g., dipping in a ferric
chioride solution).

Finally, referring to FIGS. 14G—14H, the first and second
end terminations 155,156 are created by depositing a first
conductive layer 150 to the exposed end portions (indicated
by reference numeral 20 in FIG. 14F) of the resistive
element 20. Preferably, the first conductive layer 150 com-
prises copper and 1s deposited using a conventional electro-
Iytic plating process and has a thickness of approximately
0.001 inch to approximalely 0.0015 mnch. To improve the
solderability of the device 10 to a conventional PC board, a
second conductive layer 180 is applied to the first conduc-
tive layer 150 (FIG. 14H). In a preferred embodiment, the
second conductive layer 180 comprises a mixture of tin and
lead (e.g., solder).

Embodiment Ilustrated in FIG. 15

In the preferred embodiment of the preseni invention
illustrated in FIG. 15 there is provided a surface-mountable
device 10 for protecting an electrical circuit comprising a
resistive element 20 in series with 2 fusible element 256.

The resistive element 20 has first and second surfaces
30,40 and first and second side walls 31,32, A first electrode
100 is in elecirical contact with the first surface 30 and a
second electrode 110 is in electrical contact with the second
surface 40.

Similar to the embodiment illustraied i FIG. 13, the
device shown in FIG. 15 bas a first end termination 133
which provides an ¢lectrical connection between the cirguit
to be protected and the second electrode 119, However, since
the fusible element 250 is electrically connected in series
with the resistive element 20, the second end termination
156 provides an elecirical commection between the fusible
element 250 and the circuit to be protected.
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A first electrically insulating layer 120 is formed on the
first electrode 100 and is interposed between the first elec-
trode 100 and the fusible element 250. The insulating layer
120 comprises a main portion 1202 and a sub-portion 1205.
The fusible element 250 is electrically connected to the
resistive element 20 through a conductive member 260.

In the preferred embodiment ilustrated in FIG. 15, the
conductive member 260 extends through the first insulating
layer 120 and the first electrode 100, and contacts the
resistive element 20 at a point on the first surface 30
intermediate the main portion 120z and the sub-portion 1205
of the insulating layer 120.

The main portion 120a of the insulating layer 120 con-
tacts the resistive element 20 intermediate the first electrode
100 ard the second end termination 158, acting as a barmier
to direct current flow from the first electrode 100 to the
second end termination 156. Likewise, the sub-porticon 1206
of the insutating layer 120 contacis the resistive element 20
intermediate the first end termination 155 and the first
electrode 100, acting as a barrier to direct current flow from
the first end termination 155 to the first electrode 100.

Asecond electrically insnlating layer 121 is formed on the
second electrode 110. The second insulating layer 121
makes conlact with the resistive clement 20 intermediate the
second electrode 110 and the second end termination 156,
acting as a barrier to direct current flow from the second
electrode 118 te the second end termination 156.

As shown in FIG. 15, the fusible element 250 extends
from the sub-portion 1205 of the insulating layer 126 to the
second end termination 156. A protective layer 270 covers
the fusible element 250 to protect the fusible element from
impact and oxidation.

The end terminations 155,156 of the device illustrated in
FIG. 15 are also comprised of first and second conductive
layers 150,180, respectively. The end terminations 155,156
preferably include the wrap-around configuration contacting
the first and second surfaces 30,40 and the side waills 31,32
of the resistive element, respectively.

The preferred materials for use in the device 10 illusirated
in FIG. 15 are the same as those previously discussed in
connection with the embodimnents illustrated in FIGS. 1-14.

Embodiment IHustrated in FIGS. 16A-16G

The device 10 comprising 2 fusible element 250 clectri-
cally connected in series with a resistive element 20 can be
manufactured by a method similar to the methods discussed
above.

In the first siep illustrated in FIG. 16A, using the
photolithographic, eiching and dielectric applications dis-
cussed above, portions of the first and second electrodes
100,110 are removed to develop the gate (i.e., the aperture
through the first electrode 108 and the first insulating layer
120 where the conductive member 260 will be formed) and
the end terminations. In developing the gate, the main
portion 120z and the sub-portion 1205 of the insulating layer
128 are formed.

Referring to FIG. 16B, a conductive material is plated
onto the exposed portions of the resistive element forming
the conductive member 260 and the first conductive layer
150 of the end terminations 155,156, respectively.

Next, the entire sirip is electroless plated with copper
(FIG. 16C). To form the fusible element 258, a photo resist
waterial is applied 1o the strip, the fusibie element 260 is
imaged onto the restst material, and the material is cured and
developed. The umprotected electroless copper layver is
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etched away and the cured photo resist is stripped, leaving
behind the fusible element 260 (FIG. 16D).

Referring to FIG. 16E, the protective layer 276 comprised
of a dielectric material is applied fo the fusible element 250
by coating the entire surface of the strip comprising the
fusible efement 250. Referring now to FIG. 16F, the pro-
tective tayer 270 is imaged and developed to expose the first
conductive layer 150 of the end terminations 155,156. In
doing so, a small portion of the fusible elemnent 250 in direct
contact with the first conductive layer 150 of the second end
iermination 156 is also exposed.

Finally, a second conductive layer 180 is applied to the
first conductive Iayer 150, completing the first and second
end terminations 155,156. Each strip in the laminated sheet
is then divided into a plurality of devices for protecting
electrical circuits.

In the finished device 10 illastrated in FIG. 15 and made
according to the method illustrated in FIGS. 16A-16G,
electrical current flows from the cirenit into first end termi-
pation 155 to the second clectrode 110, Current then travels
through the resistive element 20 to the first electrode 100 and
through the conductive member 264 to the fusible element
250, From the fusible element 250, the current fiows through
the second end termination 156 and out fo the circuit.

What is clajmed is:

1. A device for protecting an electrical circuit comprising:

a resistive element having a first and a second surface
connected to a first and a second side wall;

a first elecirode disposcd on the first surface of the
Tesistive element and a second electrode dispesed on
the second surface of the resistive element;

a first end termipation wrapping around the first side wall
of the resistive element and electrically connecting the
circuit and the second electrode;
second end termmination wrapping around the second
side wall of the resistive element and electrically con-
necting the first electrode and the circuit; and

an electrically insulating layer disposed cn the first and
second electrodes and interposed between the first end
termination and the first clectrode amd interposed
between the second end termination and the second
elecirode.

2. The device of claim 1, wherein the resistive element

exhibits PTC behavior.

3. The device of claim 1, wherein the resistive element is
comprised of a conductive polymer.

4. The device of claim I, wherein the electrically insu-
lating layer is in contact with the first apd the second
surfaces of the resistive element.

5. The device of claim 1, wherein first end termination is
disposed on a pertion of the first and second surfaces of the
Tesistive elemen.

6. The device of claim 1, wherein the first end termination
is in direct physical contact with the second electrode.

7. The device of claim 1, wherein the second end termi-
pation is in direct physical contact with the first elecirode.

8. The device of claim 1, wherein the first end termination
is disposed on the first side wall and the second end
termination is disposed or the second side wall.

9, The device of claim 1, wherein the first and second end
terminations are comprised of a first and a second conduc-
tive layer, respectively.

10. The device of claim 9, wherein the first conductive
layer comprises a metal selected from the group consisting
of tin, silver, copper, nickel, gold and alloys thereof.

11. The device of claim 9, wherein the second conductive
lIayer comprises tin.

-4
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12. The device of claim 9, wherein the first conductive
layer comprises copper and the sccond conductive layer
comprises solder.

13. The device of claim 1, wherein the electrically insu-
lating layer comprises a material selected from the group
consisting of photo resist, dielectric, ceramic and solder
mask.

14. The electrical device of claim 1, whereln the elec-
trodes comprise a metallic foil.

15. A device for protecting an electrical circuit compris-
ing:

a PTC clement having a first and 2 second surface

connected o a first and a second side wali;

a first electrode disposed on the first surface of the PTC
element and a second electrode disposed on the second
surface of the PTC element;

a first end termination weapping around the first side wall
of the PTC element and providing electrical connection
between the circuit and the second electrode;

a first electrically insulating layer disposed on the first
electrode;

a fusible slement disposed on the first insulating layer, the
fusible element electrically connected in series with the
PTC eiement; and

a second end termination wrapping around the second
side wall of the PTC element and providing electrical
connection between the fusible element and the circait.

16. The device of claim 15, wherein the PTC element is
comprised of a conductive polymer.

17. The device of claim 15 further including a conductive
member electrically connecting the PTC ¢lement with the
fusible element,

18. The device of claim 17, wherein the fusible element
is in direct contact with the conductive member and the
second end fermination.

19. The device of Claim 15, wherein the first electrically
insulating laver comprises a main portion and a sub-portion,
and a conductive member elecirically connects the resistive
element and the fusible element through an opening in the
first electrically insulating layer at a point intermediate the
sub-portion and the main portion of the first electrically
insulating layer.

20. The device of Claim 15 further including a second
electrically insulating Iayer disposed on the second elec-
trode.

21. The device of claim 20, wherein the second electri-
cally insulating layer acts as a barrier to direct current flow
from the second electrode to the second end termination.

22. The device of claim 20, wherein the second electri-
cally insulating layer comprises a material selected from the
group consisting of photo resist, dielectric, ceramic and
solder mask.
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23. The device of claim 15 further including a protective
layer covering the fusible element.

24. The device of claim 15, wherein the first and second
end terminations are comprised of a first and a second
conductive fayer, respectively.

25. The device of claim 24, wherein the first conductive
layer comprises a metal selected from the group consisting
of tin, silver, copper, nickel, gold and alloys thereof.

26. The device of claim 24, whereir the second condue-
tive layer comprises tin.

27. The device of claim 26, wherein the first conductive
layer comprises copper and the second conductive layer
comprises solder.

28. The device of claim 15, wherein the first elecirically
insulating layer comprises a material selected from the
group consisting of photo resist, dielsctric, ceramic and
solder mask.

29. A device for protecting an elecirical circuit compris-
ing:

a conductive polymer PTC element having a first and a

second surface and 2 first and a second side wall;

a first electrode in electrical contact with the first surface
of the PTC element and a second electrode the second
surface of the PTC elementi;

a first end termination disposed on the first side wall of the
PTC efement and electrically connecting the circuit and
the first electrode;

a second end temmination disposed on the second side wall
of the PTC element and electricaily connecting the
second electrode and the circnit; and

an electricaily insniating layer disposed on the first and
second electrodes and creating a physical barrier
between the second end termination and the first elec-
trode and a physical barrier between the first end
termination and the second electrode.

30. An ¢lectrical device for proteciing a circuit compris-

ing:

a conductive polymer PTC element having a first and a
second surface and a first and a second side wall;

a first electrode in electrical contact with the first surface
of the PTC clement and 2 second electrode in electrical
contact with the second surface of the PTC element;

a first end termination disposed on the first side walt of the
PTC clement and providing an electrical connection
between the circuit and the first electrode;

a fusible element electrically connected in series with the
PTC element; and

a second end termination disposed on the second side wall
of the PTC element and providing an electrical con-
nection between the fusible element and the circuit.
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