PTC THERM STOR AND MANUFACTURI NG METHOD FOR THE SAME Backgr ound of % Qilo 3
Invaﬂr$on [Field of the Invention] The present invention relates to PTC
(positive temperature coefficient) therm stors, and their nanufacturfﬁ§ CorY
met hods. [Prior Art] PTC (positive tenperature coefficient) therm stors are
wel | known devi ces which have been enployed in electronic circuits for over
current protecti®AC aREERMISTORAND MAWFACTURANGOMEEHOPORAQR PHE SMME M st or

is showmn in Fig. 17, As can be seen in the illustration, the PTC therm stor

SO has a conposite structure of sandw ch§d P 0 T a 2 Desmeen
el ectrodes gg and 3a. The above nentione PTéﬁgﬁgggﬁﬁﬁﬁgﬁ?% ﬁ@BFr
Background of the Invention Description : paged ........ to paged ..... é
Claim(s) :paged 9,0 to paged . g
. Drawing(s) :paged...2. to paged i,
[Field of the Invention] Abstract  :paged .7.... to paged .5 *t

The present invention relates to PTC (positive
temperature coefficient) thermistors, and their manufacturing
methods. '

[Prior Art]

PTC (positive temperature coefficiqggllthermistors are
well known devices which have been emplogégiin electronic
circuits for over current protection and for thermal sensing.
A conventional PTC thermistor is shown in Fig. 17. As can be
seen in the illustration, the PTC thermistor SO has a - '
composite structure of sandwiched PTC compoéition la between
electrodes 2a and 3a. The above mentioned PTC element la is
comprised of a PTC composition including polymers and
conductive particles which demonstrates positive thermal
coefficient resistance properties. The electrodes 2a, 3a are
formed from sheet form metallic material, and each is
provided with a respective lead 4, 5 connected thereto as
shown in Fig. 17.

.For the manufacture of this type of PTC thermistor SO,
the following method, for instance, can be applied. First of
all, as is shown in Fig. 18, two relatively large metallic
sheets 2, 3 each of which constitutes a plurality of the
individual thermistor electrodes 2a, 3a respectively, are
bonded to the opposing upper and lower surfaces of a sheet of
PTC composition 1 which is to constitute a plurality'of the
individual PTC elements la, thereby forming a laminated PTC

thermistor sheet 6. The above bonding of the metallic sheets
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conprisgd of a PTC conposition including polymers and conductive particles

whi tjr denonstrates positive thermal coefficient resistance properties. The

el ectrodes 2a, 3a are forned fromsheet formnetallic material, and each is
provided with a respective |ead 4, 5 connected thereto as shown in Fig. 17.
For the manufacture of this type of PTC therm stor SO, the follow ng

met hod, for 4.n$t &ec&hec®FCheonppisiibdonFiris efnwntiopally Adhievied Fig. 18,

two rel ativelss RO HRER Ve ahBetsve: a?eﬁ’@?h W x Wi L SHRAAE [itlFagy .a
plurality of the individual therm stor electrodes 2a, 3a respectively, are
bonded to t HEoffssETS Ghsemishar sheet shrieestaricalfbiipreysranto
conposi ti on shathi ehermils@ocoRBlipkUreod Pheraésivedifdhe. | ingldygl tBTC

¢l ement s la%ﬂﬂb%ﬁﬁgyt%%rE%%%raahgnagﬁggdefgg%rode 2a, 3a of each

thermistor chip, a respective lead 4, 5 is soldered or spot
~welded, thereby establishing an electrical connection between
lead wire 4, 5 and the electrodes 2a, 3a, whereby the PTC
thermistor S0 shown in Fig. 17 is fabriéated.

With the type of PTC thermistor SO shown in Fig. 17 and
for the fabrication method thus described, several problems '
exist. These problems include the following:

1. It is necessary to prepare the leads 4, 5 from a separate
metal sheet or metal wire from that used for the

electrodes 2a, 3a.

-2. A manufacturing process of connecting the leads 4, 5 to

the electrodes 2a, 3a is necessary.

3. Application of heat and pressure to the thermistor chips
7 occurs when the leads 4, 5 are connected by soldering
or spot welding. In particular, there is always the
possibility that the added heat will deletefiously effect
the PTC composition, for example resulting in change in
the resistance properties of the composition,
deterioration of the composition, weakening of the bond

with the elecfrodes, etc..

4, Variability in the quality of the electrical and physical
connection between the leads 4, 5 and the electrodes 2a,
3a is likely to occur which also impairs the performance
of the finished thermistor.
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therm st or sheet 6. The above bonding of the netallic sheets

REPE A NT SHEET 2 6 FEB 1997 2 2, 3 to the PTC conposition 1 is
conventional |y achi eved using a conductive adhesive agent. Next, as shown
in Fig. 19, the PTC therm stor sheet 6 thus fabricated is cut into snal
therm stor chips 7 of the desired form FlnaIIy, to the both the upper and
| oner el ect RBBBARY O eB¥enLRen m stor chip, a respective lead 4, 5 is
sol dered or spot melded thereby establishing an el ectrical connection

bet ween

In consideration of the above, it is an object of the
present invention to provide PTC thermistors having
simplified physical strucﬁures for which the electrical
properties are consistent and can be selected to meet design
requirements. A second object is to provide manufacturing
methods for such PTC thermistors. _

In order to achieve the above described first object of
the present invention, a PTC thermistor is disclosed having a
PTC element sandwiched between two plates for which lead '
portions are formed as an extension of each of the two plates
protruding beyond the edge of the PTC element.

- In order to achieve the above described second object of
the present invention, starting with a sheet form PTC
composition which demonstrates a positive thermal
coefficient, the PTC composition is sandwiched between and
caused to adhere to two metal sheets, the metal sheets having
a surface area which is greater than the surface area of the
opposing surfaces of the sheet of PTC composition with which
they are in contact. ,

As an additional means to achieve the.above described
second object of the present invention, starting with a sheet
form PTC composition which demonstrates a positive thermal
coefficient, the PTC composition is sandwiched between and
caused to adhere to two metal sheets, a first metal sheet and
a second metal sheet. The PTC thermistor sheet thus formed
is then sectioned into a plurality of PTC thermistor chips,
each shaped so as to have at least two tongue-like
projections which will subsequently be formed into leads.
Next, for each PTC thermistor chip thus fabricated, from at
least one of the tongue-like projections, the PTC composition
and the overlying metal sheet from the first metal sheet is
removed. Additionally, for each PTC thermistor chip, the
PTC composition and the overlying metal sheet from the second.
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lead wiee 4, 5 and the el ectrodes 2a, 3a, whereby the PTC therm stor SO
shdwn ih Fig. 17 is fabricated. Wth the type of PTC therm stor SO shown in
Fig. 17 and for the fabrication nethod thus described, several problens

exi st. These problens include the following: 1. It is necessary to prepare
the leads 4, 5 froma separate netal sheet or netal wire fromthat used for
the el ectromisabshent B remavest feom Ahglppatesse off comerenaininge | eads

4, 5 to theeShHdIPHEs Bdjedd iiohsnecessary. 3. Application of heat and
pressure to the thermstor chips 7 occurs when the leads 4, 5 are connect ed

by sol dering or %‘b’btt%l"%ﬁ"‘ngthq’ﬂ“&&ﬂri Of &he £ASFE PRIGFhAYS dercribed
p035| bi |l ityabhdwd, tadre wdded haair whiel pdel ehekndstbys efdiecicated by the

two methods described above in connection with the second
object of the present invention, both electrodes of the PTC
thermistor which are formed from corresponding metal sheets
(or other suitable materials) have extensions integrally
formed therein which function as electrical leads.
Accordingly, it is possible to eliminate the need for
separately prepared and attached electrical leads connected
with the electrodes, and the above described problems

associated therewith.

Brief D it £ the [ .

Fig. 1 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a first

embodiment of the present invention.

Fig. 2 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a second

embodiment of the present invention.

Fig. 3 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a third

embodiment of the present invention.

Figs. 4 and 5 are schematic structural drawings illustrating
different examples of a PTC thermistor in accordance with a

fourth-embodiment of the present invention.

Fig. 6 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a fifth

embodiment of the present invention.
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the PTC,conposition, for exanple resulting in change in the resistance
properti‘es of the conposition, deterioration of the conposition, weakening
of the bond with the electrodes, etc.. 4. Variability in the quality of the
el ectrical -and physical connection between the leads 4, 5 and the

el ectrodes 2a, 3a is likely to occur which also inpairs the performance of
t he fini sheBigher #ishopugh 9 RER ACEMRNT iSHEETUStSyARnAyasinghe | nvention

illustrating examples of a PTC thermistor in accordance with

a sixth embodiment of the present invention.

Fig. 10 is an oblique view showing one example of a PTC
composition component which can suitably be used in a
manufacturing method according to a seventh embodiment of the

present invention.

Fig. 11 is an obligque view showing a manufacturing method

according to a seventh embodiment of the present invention.

Figs. 12 and 13 are oblique views showing steps of a
manufacturing method according to an eighth embodiment of the

present invention.

Figs. 14 through 16 are oblique views showing steps of a
manufacturing method according to a ninth embodiment of the

present invention.

Fig. 17 is is a schematic structural drawing illustrating an

example of a conventional PTC thermistor.

Fig. 18 and 19 are obligque views showing steps of a
conventional manufacturing method for PTC thermistors.

D {led T Lot ¢ the Pref \ Embodi !

In the following sections, preferred embodiments of PTC
thermistors and manufacturing methods for PTC thermistors
" will be described in detail with reference to the drawings.
First of all, a first preferred embodiment will be described

with reference to Fig. 1.
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I n, consj deration of the above, it is an object of the present invention to
provi de *PTC therm stors having sinplified physical structures for which the
el ectrical properties are consistent and can be selected to neet design
requi renents. A second object is to provide manufacturing nethods for such
PTC therm stors. In order to achieve the above described first object of

t he present [FhventPoeferrdd Enkiedimiesttdr i s di scl osed having a PTC el enent
sandwi ched between two plates for which | ead portions are fornmed as an
extension of each of the two plates protrudi ng beyond the edge of the PTC
el ement. I n ordefntBigehl eve $eRenRAo\e sFeIEtEad §ééUﬁHgob}éE§t6?t%H%

present inveRtégsmpBé abt i NP M ttheAnilRedh 6ar IhPEec608RAEE W OFh WEhéh
denDnStrateflrSPogéé éﬁ}égmﬂgggdlment is shown. As can be seen in the
drawing, the PTC thermistor S1 is made up of a block of PTC
composition 101 which demonstrates positive thermal
coefficient properties, sandwiched between two electrodes
102, 103. The block of PTC composition 101 is formed so as
to have two opposing surfaces which have an equal and
substantially greater surface area than that of any of the
other surfaces of the block of PTC composition 101. These
two surfaces having the greatest surface area are the '
surfaces which contact the electrodes 102, 103.

The PTC thermistor S1 shown in Fig. 1 differs from the
conventional PTC thermistor SO shown in Fig. 17 in that, for
the PTC thermistor S1 shown in Fig. 1, the surface area of
one side of each of the electrodes is greater that the
surface aréa of the surface of the block of PTC composition
101 with which it is in contact. Thus, a portion of each
electrode 102, 103 extends beyond the edges of the block of
PTC composition 101, the extending portion of each electrode
thereby forming a respective lead portion 104, 105.

As mentioned above, the block of PTC composition 101 is
formed from a PTC composition which demonstrates positive
thermal coefficient properties. This PTC composition may be
an organic substance. As an example, the PTC composition may
be formed from a resin composite material including a resin
matrix in which carbon black or some similar substance which
is an electrical conductor is dispersed.

The electrodes 102, 103 of the present invention as well
as the leads portions 104, 105 formed thereof are fabricated
from a metal which is a good electrical conductor, for
example, nickel or copper sheet material. Additionally, the
electrodes 102, 103 and leads 104, 105 may be fabricated from
a thin layer of highly conductive metal leaf applied to a
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coefficient, the PTC conposition is sandw ched between and caused to adhere
totwo rretal sheets, the nmetal sheets having a surface area which is
greater than the surface area of the opposing surfaces of the sheet of PTC
conposition with which they are in contact. As an additional neans to

achi eve the above described second object of the present invention,
starti ng wi basa phaeeé formed T oo rposinsudatvihigc hademdadt r abtkern positive

thermal coeffLlc] ) 2 | L i i,ch e caused
o adner ot Shpibas: 1hOfudd (o AR, e HatBRdth o NREROLIEER-A00 O
sheet. The PIterhetni Q¥opraidad elnpdHosend@tesipRen EBEEhOABECENt0 a

plurality obuPH&bi{PCEsh&EOFivd) dn-rRAGN 15RARRE$2238 hAyNB¥Caphll&aSAs t WO
tongue-likewgigiections which will subsequently be fornmed into |eads.

For purposes of the present invention, the term "contact
portion” of the electrode means the portion of the electrode
102, 103, a substantial portion of which is in contact with
the block of PTC composition and the term "lead portionﬁ
means a portion of the electrode which is free from contact
with the block of PTC composition. Typically, the lead
portion of the electrode extends beyond the periphery of the
block of PTC composition with which the electrode is in
contact. '

For purposes of the present invention, the term "single
continuous electrode having a lead portion integrally formed
with a contact portion” means an electrode such as
illustrated in Fig. 1 (as well as in other embodiments of the
present invention) wherein the electrode is formed from a
sheet comprising a contact portion and at least one extension
integrally formed therewith which functions as a lead
portion. Thus, the single continuous electrode having a lead
portion integrally formed with a contact portion can be
formed without the need for a separately prepared and
attached electrical lead connected to a contact portion as is
necessary for the conventional PTC thermistor described in
conjunction with Fig. 17. For purposes herein, the lead
portions 4, 5 of the conventional thermistor of Fig. 17 are
not deemed "integrally formed” with the electrodes_Za, 3a
since they are formed from separately prepared and attached
conductive materials.

The lead portions of the devices of the present
invention provide that that the devices can be connected to
wires or other components of electrical systems using known
techniques such as solder, conductive adhesives, meéhanical
means, or other techniques without encountering the problems
associated with the prior art devices.
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Next, for each PTC therm stor chip thus fabricated, fromat |east one of
the; tongue-1li ke projections, the PTC conposition and the overlying netal

sheet fromthe first netal sheet is renoved. Additionally, for each PTC
therm stor chip, the PTC conposition and the overlying netal sheet fromthe
second 4 metal sheet is renoved fromat |east one of the remaining

tongue- | i ke{peoprdtPoaferfed Emimodile@rtttjer m stor of the first object as
descri bed above, as well as for the PTC therm stors fabricated by the two

met hods descri bed above in connection with the second )
In Fig. 2, a schematic structural drawing illustrating

an example of a PTC thermistor S2 in accordance with this
second embodiment is shown. The PTC thermistor S2 shown in
Fig. 2, differs from the PTC thermistor S1 of the first
embodiment shown in Fig. 1 in that, for the PTC thermistor
S82, only a portion of each of the electrodes 202, 203 extends
beyond the edges of the block of PTC composition 201, thereby
forming leads or lead portions 204, 205 as tongue-like
projections, each extending from an edge of its respective
electrode 202, 203. As will be explained below in the
description of manufacturing methods, by forming the
_electrodes 202, 203 with the above mehtioned tongue-like
projections, the manufacturing steps can be considerably
simplified. Furthermore, with this kind of structure,
connecting the PTC thermistor S2 with other components within
an electrical circuit is much simplified.

Both the contact portions of the electrodes 202, 203 and
the lead portions 204, 205 have been shown in Fig. 2 as
having a square or rectangular shape. The present embodiment
is not so limited, however, and both the contact portions of
the electrodes 202, 203 and the leads 204, 205 can be of any
desired outline. The contact portions of the electrodes 202,
203, for example may be semicircular in shape with their
respective lead portions 204, 205 extending from the flat
side of the semicircle outline.

[Third Preferred Embodiment]

In Fig. 3, a schematic structural drawing illustrating a
PTC thermistor S3 in accordance with a third embodiment is
shown. The PTC thermistor S3 shown in Fig. 3, differs from
the PTC thermistor S2 of the second embodiment shown in Fig.
2_in that, for the PTC thermistor S3, the portion of each of

-8 - —_—
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ohj ect ,of the present invention, both electrodes of the PTC therm stor
whitch afe formed from correspondi ng netal sheets (or other suitable"
mat eri al s) have extensions integrally formed therein which function as
el ectrical leads. Accordingly, it is possible to elimnate the need for
separately prepared and attached electrical |eads connected with the

el ect r odes,trenc taw aiimese 3PS5 cBi0Bedxpeoblirgsbapsnd i e dotdws evli tHEC Bri ef

Descript onccs}{ J8 RPWAIGS chledonl EBRIAGNERBT iCad M Al SAW I,

il lustrating nexarrpeof in accordance With a first

enbodi ment ¥ qnsisiepddy wideat than Fhe. 1eadsParkitried(t Atu@iutdhe

draw ng il 1p4ed reld il SHOrO2PIs® @hat PRE 1888MpSEOIoAS IELOMIFNGRrMtie a
second same width as the side of the respective electrodes 302, 303

from which they project.

[Fourth Preferred Embodiment]

In Figs. 4 and 5, schematic structural drawings
illustrating two examples of a PTC thermistor S84, PTC
thermistor S4a and PTC thermistor S4b, in accordance with

’ this fourth embodiment are shown. The PTC thermistors S4a,
S4b shown in Figs. 4Iand 5 respectively, differ from the PTC
thermistor S2 of the second embodiment shown in Fig. 2 in
that, for the PTC thermistor S4a shown in Fig. 4, the lead
portions 404, 405 extend from adjacent sides of the PTC
thermistor S4a from the contact portions of their respective
electrodes 402, 403, and are thus perpendicular to each
other.” In the case of the PTC thermistor S4b shown in Fig.
5, the lead portions 404, 405 extend from opposing sides of
the PTC thermistor S4a from the contact portions of their
respective electrodes 402, 403, and are thus parallel. With
a structure in which the leads project from different sides
of the PTC thermistor, as is the case with the PTC _
thermistors S4a and S4b of the present embodiment, connecting
the PTC thermistors S4a and S4b with other components within
an electrical circuit is even further simplified compared
with the PTC thermistors described for the preceding

embodiments.
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enbodi nent of the present invention. Fig. 3 is a schematic structural

drawing*illustrating an exanple of a PTC therm stor

third enbodi nrent of the present invention. Figs. 4 and 5 are schenmatic

structural

drawings illustrating different exanples of a PTC therm stor

in accordance with a

in

accordance with a fourth enbodi nent of the present invention. Fig. 6 is a

schemati ¢ sIFiftthurbate fransich Eridolddsenatdi ng an exanpl e of a PTC thermi stor

accordance with a fifth enbodi mrent of the present invention. -5

N’

In Fig. 6, a schematic structural drawing illustrating a
PTC thermistor 85 in accordance with a fifth embodiment is
shown. The PTC thermistor S5 shown in Fig. 6, differs from
the PTC thermistor S4b shown in Fig. 5 in that, for the PTC
thermistor S5, the block of PTC composition 501 as well as
the contact portion of electrodes 502, 503 are circular
shaped. By fabricating a PTC thermistor S5 in which the
block of PTC composition 501 and'the contact portion of
electrodes 502, 503 are circular or ellipse shaped, it
becomes possible to pack the PTC thermistor S5 and
surrounding compdnents in an electrical circuit more densely,
and thus facilitates practical applications of the device

where a compact design is desirable.

[Sixth Preferred Embodiment]

In Figs. 7 to 9, schematic structural drawings
illustrating a PTC thermistor S6, S7, and S8 in accordance
with a sixth embodiment of the present invention are shown.
The PTC thermistors S6, S7, and S8 of the sixth embodiment
are based on PTC thermistor S2 of the second embodiment, and
PTC thermistors S4a and S4b of the fourth embodiment
respectively. 1In each case, circular connection holes 608,
609 are provided in the distal portion of each tongue—liké
projecting lead portion 604, 605 of each PTC thermistor. The
connection holes 608, 609 are provided to facilitate
connections with wires and other components in an electrical

circuit, using solder, screws, rivets, etc..

in
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Figs. 7,through 9 are schematic structural drawings illustrating exanples
of “a PTC thernmistor in accordance with a sixth enbodi nent of the present
invention. Fig. 10 is an oblique view showi ng one exanple of a PTC
conposition conponent which can suitably be used in a manufacturing nethod
according to a seventh enbodi nent of the present invention. Fig. 11 is an
obl i que vi ewsskenthgpaeflannédcEnbodignemilnod according to a seventh

enbodi nrent of the present invention. Figs. 12 and 13 are oblique views
show ng steps of a manufacturing method according to an ei ghth enbodi nent
of -the present i Aretheofiolfkpyingldecthiouge Mrrfactiriigge netbed vhdhi he

steps of a gRBUEALEH’ hBEoFBRIAY U S0 UMY D2 il erbediment, Obyt he
which the PTC thermistors of any of the preceding six
preferred embodiments can be fabricated.

In Fig. 10, an oblique view showing one example of a
block of PTC composition 701 which can suitably be used in
the manufacturing method according to this seventh embodiment
of the present invention is shown. The above mentioned block
of PTC composition 701 is fabricated from PTC composition
exhibiting positive temperature coefficient properties. The
block of PTC composition 701 is formed so.as to have two
opposing surfaces which have an equal and substantially
~greater surface area than that of any of the other surfaces
of the block of PTC composition 701. This block of PTC
composition 701 is sandwiched between two electrodes 702, 703
so that each electrode 702, 703 is in contact with one of the
two surfaces of the block of PTC composition 701 having the
greatest surface area. It should be noted that to alter
certain electrical and/or physical characteristics in
accordance with the present ihveﬁtion, the electrodes can
alternately be placed in contact with surfaces of the PTC
composition other than those having the greatest surface.
area. By using electrodes 702, 703 which have a larger
footprint than does the surface of the block of PTC
composition 701 which they contact, it is possible to
manufacture any of the PTC thermistors of the first six
preferred embodiments by using an appropriately shaped block
of PTC composition 701 and appropriately shaped electrodes
702, 703.

According to this method of the seventh embodiment,
first of all, a block of PTC composition 701 is formed so as
to have the desired size and shape. As a means to form the
block of PTC composition 701, nearly any method is suitable
provided that it does not heat the PTC composition in such a
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present ,invention. Fig. 17 is is a schematic structural draw ng

Il l'ustrdting an exanple of a conventional PTC therm stor. Fig. 18 and 19
are oblique views showi ng steps of a conventional manufacturing method for
PTC therm stors. Detail ed Description of the Preferred .Enbodinents In the
foll owi ng sections, preferred enbodi nents of PTC therm stors and
nanufacturiwgynEhhbditéoreEﬂErammﬁrann(nthemInhybdcdéschhbedtbmidetasI W th

eference t h L ROS. +Fi g IJ fd Sty %rrgq eggﬁ [ 1
. . gl
r rE 8 EQ 89s- 1k Er?%: & sé’" her® 'dHeS bRk B B%c bEBRE oM
be descrlbe erence to

1 1s formed of a comp031te resin composition, extrusion

molding and such conventional methods are quite acceptable.
The electrodes 702, 703 are then fabricated so as to
have a suitable shape and suitably large surface area as
described above from a metal or other material which is a
good electrical conductor, for example, copper sheet
material. The electrodes 702, 703 may be fabricated from a
thin layer of highly conductive metal leaf applied to an base
pléte formed from an insulating material. Other examples
include grid electrode material, mesh electrode material, or
braided electrode material. Furthermore, suitably conductive
non-metallic materials may be applied as well. |
After the block of PTC composition 701 and electrodes
702, 703 have been formed to the desired specifications, as
"shown in Fig. 11, the block of PTC composition 701 is
sandwiched between the contact portions of the two electrodes
702, 703, and each of the two surfaces of the block of PTC
composition 701 having the largest surface area are caused to
adhere to a respective contact portion of each electrode 702,
703. To achieve this adhesion between the electrodes 702,
703 and the block of PTC composition 701, various types of
chemical and physical means may be employed. For example, a
pressure bonding technique may be used in which, after the
opposing surfaces of the block of PTC composition 701 are
brought in contact with the contact portions of their
respective electrodes 702, 703, by applying a pressure of 1 -
100 kg/cm? against the block of PTC composition 701 by the
- contact surfaces of the electrodes 702, 703 at a temperature
higher than the melting point of the PTC composition for a
minute or longer, adhesion can be achieved. Furthef, a
conductive adhesive agent, for example Dotite (Fujikura
Chemical Co.), Silcoat (Fukuda Metal Foil and Powder Co.) may
be employed, applying the agent by methods such as spraying,
coating with a brush, or using a roll coater. In the case
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6 [[First, Preferred Enbodinent] In Fig. 1, a schematic structural draw.ng

Il lwustrdting an exanple of a PTC therm stor S1 in accordance with the first
preferred enbodi nent is shown. As can be seen in the drawi ng, the PTC
therm stor S1 is made up of a block of PTC conposition 101 which
denonstrates positive thermal coefficient properties, sandw ched between
two el ectrockere02hel®@3C Thmposbdtkonf 7¢I G < oaposid iocdn al@bmpesfibeneds$o as

to have two@RR9SLAY BT hasheathieh hoy S Al ankAl. 3 S4BSt ARt baklegr cater

surface area than t _ . surfaces of the bl ock of PTC
conposi ti onPPELtiPRebavVing 3ufeateed AR reirPafestestinggctder mpédinge
the surfacemethhoal 68t achilbplréel estwwtas ¥ pTt0%omposition 701 may be

directly extruded between the electrodes 702, 703 thus
forming the block of PTC composition 701 and achieving

adhesion in one operation.

[Eighth Preferred Embodiment])

In the following section, a manufacturing method will be
described according to an eighth preferred embodiment with
reference to Figs. 12 and 13, by which the PTC thermistors of
the fourth preferred embodiment shown in Figs. 4 and 5, as
well as alternate embodiments thereto, can be fabricated.

The PTC thermistors of the fourth preferred embodiment are
formed so that the lead portions extend from different sides
of the PTC thermistor. '

As shown in Fig. 12, a thermistor sheet 806 is formed by
sandwiching a sheet of PTC thermistor composition 801 between
two sheets 802, 803. This thermistor sheet 806 may be
fabricated using conventional methods as have been described
earlier.

Next, the thermistor sheet 806 is cut along the broken
lines shown in Fig. 12, using for example a jig saw, so as to
form a plurality of PTC thermistor chips 807 having tongue-
like projections protruding from opposite sides of the PTC
thermistor chips 807, an example of which is shown in Fig.
13. BAdditionally, a laser, rotary saw, band saw, stamping,
etc., or other suitable means may be used for the cutting
operation. Neither the shape, nor the orientation of the
tongue-like projections of the fabricated PTC thermistor
chips 807 are limited to those as shown in Fig. 13. The
tongue-like projections can thus be broader or thinner as

— ]_ 3 —
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The PTC,therm stor S1 shown in Fig. 1 differs fromthe conventional. PTC

t het mi stor SO shown in Fig. 17 in that, for the PTC therm stor S1 shown in
Fig. 1, the surface area of one side of each of the electrodes is greater
that the surface area of the surface of the block of PTC conposition 101
with which it is in contact. Thus, a portion of each el ectrode 102, 103

ext ends beydeditrkd, edgdscaf phet irhade ki pim REGsemrosiitesn of0thet ABCext endi ng
portion of r t e ' respective | ead portion 104,
105. As nen??‘%%ggggg%vggg?hgsﬁg%lé%%%dnposi_tion 101 is formed froma
PTC conposi ti on WeXéh B¥nBnPerhied pokthness (FRidl9 CRerRtdiodnt thPoperti es.

This PTC coppeeiibheNofBYhEECP O OR&AN S Stk ED7 AhadkdexalBl 8iagbRaPTC
conposi tion, qay be fRiged; i om & L83 SAROTIES JIA 8 Rhek 355! Ehgugn &S N
- one of the electrode plates and the adjacent PTC composition,
for example by using a grinder, to remove the adherent PTC
composition, thus removing the portions of the plates that

lie within each of the two shaded portions, as well as the

PTC composition 801 from both of the shaded sections. For

the above partial thickness cutting, a sharp blade or a

grinder méy be used, or cutting to a controlled depth with a
rotary saw or laser is also applicable. In this way, the

block of PTC composition 80la is formed, as well as the lead
portion 804 which is formed on one side of the PTC thermistor
chip 807 as an extension of the contact portion 802a formed
from sheet 802, and the other lead portion 805 which is

formed on the opposite side of the PTC thermistor chip 807

from an extension of the contact portion 803a formed from the
other sheet 803 located on the opposite surface of the PTC
thermistor chip 807. The PTC thermistor manufactured in this
way is identical to the PTC thermistor S4b shown in Fig. 5.

[Ninth Preferred Embodiment]

In the following section, a manufacturing method will be
described according to an ninth preferred embodiment which is
exemplary of the method, with reference to Figs. 14, 15 and
16.

As shown in Fig..14, a thermistor sheet 906 is prepared
by first forming a plurality of nonadhesive regions 912 on
each surface of a sheet of PTC thermistor composition 901
using an appropriate pattern for the side to which it is
applied, after which the sheet of PTC thermistor composition

901 thus prepared is sandwiched between two metallic sheets

~ 14 - .
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natrlx in which carbon bl ack or sone simlar substance which is an

el ectri tal conductor is di spersed. The el ectrodes 102, 103 of the present

i nventi-on as well as the |eads portions 104, 105 formed thereof are
fabricated froma metal which is a good electrical conductor, for exanple,
ni ckel or copper sheet material. Additionally, the el ect r odes 102, 103 and
| eads 104, 903, mag3beniabrbeadms ddisrentd o thay @orafiohisgblfy thenducti ve

rotal |eai agablediQ 31acs ToP R PUALG, (¥ WA LAOBARCLEoULAELRCABhT | 2l

O her exanplé nateri
901 which have not been treated so as to be nonadhesive.

Additionally or alternatively, the nonadhesive regions 912
may be formed on the appropriate sides of the electrode
plates rather than on the PTC thermistor composition.

The method for creating the above described nonadhesive
regions 912 is not particularly limited provided that the
appropriate areas are made sufficiently nonadherent. One
applicable method, for example, is to selectively mask those .
areas which are desired to be adhesive using suitable
patterns and then apply a non-stick paint, for example Relco
Ace (Dow Corning Toray Silicon Co.), or Daifree (Daikin

! Industrial Ltd.), over the masked and unmasked regions using
a roller, roll coater or brush or by spraying, after which
the masks are removed. Another method-is to apply a suitably
cut-out thin film or tape to each surface of the sheet of PTC
thermistor composition 901 or to the surfaces of the
electrode plates, the thin film or tape formed of; for
example, polytetrafluoroethylene (available commercially as.
Teflon), Teflon coated paper, silicon coated paper or some
other material with similar-non—stick properties. When
polytetrafluoroethylene film or tape is used, a thickness of
less than 0.5 mm, or more preferably, less than 0.1 mm is
desirable.

Next, the thermistor sheet 906 thus fabricated is cut
along the broken lines shown in Fig. 15, just as in the
eighth embodiment, so as to form a plurality of PTC
thermistor chips 907 having tongue-like projections
protruding from opposite sides of the PTC thermistor chips
907, an example of which is shown in Fig. 16. For every
tongue-like projection, one side corresponds to one of the
nonadhesive regions 912 previously laid down on the sheet of
PTC thermistor compositién 901. Additionally, based on the
patterns according to which the nonadhesive regions 912 were
laid down on the sheet of PTC thermistor composition 901, for

//’_..
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material, or braided electrode material. Furthernore, suitably conductive
nonsnetdllic materials may be applied as well. For purposes of the present
i nvention, the term"contact portion" of the el ectrode neans the portion of
the el ectrode 102, 103, a substantial portion of which is in contact with
the bl ock of PTC conposition and the term"lead portion" means a portion of
t he el ect r odachhPTO tbermeet¢romhxpnﬁQﬂﬁ tie manfacihielsavie okgRT@scbopothei on.

Typi cal |y, Eng kg@% QQm{g ?e{lseclt %@h%z»%%%e ¥aad B@etﬂsrbféery

of the bl oc ' whi ¢ ectro e i1sin contact. For
pur poses oftbﬁ§mpﬁ§§§n€ %ﬂv%%?|!#Eht¢ﬁ§RQ9ﬂntoqm$ aneshernuods epachbeode

having a | egdeROFLbANFLGL €BE Al k¥t h WHEGxception of the nonadhesive
regions 912, the PTC thermistor chip 907 is identical to the
PTC thermistor chip 807 produced by the manufacturing method
of the eighth preferred embodiment as shown in Fig. 13, _

Next, the portions of the PTC thermistor composition 901
as well as the portion of one of the metallic sheets 902, 903
which is édherent thereto is selectively removed from each
tongue~-like projection of each PTC thermistor chip 907. The
portions of the tongue-like projections to be eliminated can
easily be removed by cutting through the full thickness of
the tongue-like projection up to but not including the
portion of the sheet 902, 903 which is to remain, using for
example a laser. After this is accomplished, the portions to
be removed easily fall away and can be separating from the
manufactured PTC chips by shaking over a grid with a suitable
mesh size. _

Thus, for each tongue-like projection, only the portion
of one of the metallic sheets 902, 903 which was overlying
the nonadhesive region 912 lying on one side of the tongue-
like projection'remains. These remaining portions of the
metallic sheets 902, 903 lying in the tongue-like projections
thus correspond to the lead portions 9204, 905, while the rest
of the remaining portions of the sheets 902, 903 overlying
both sides of the main body of the PTC thermistor chip 907
corresponds to the contact portions 902a, 903a. The PTC .
thermistor thus fabricated is identical to the PTC thermistor
S4b of the fourth embodiment shown in Fig. 5.

In the manufacturing method of the present embodiment as
described thus far, the nonadhesive regions 912 are laid over
both surfaces of the sheet of PTC thermistor composition 901
in blocks surrounded by adhesive regions 912', and
‘furthermore, the cutout pattern of the individual PTC

thermistor chips 907 from the sheet of PTC thermistor

- 16 - This Sheet Has Been Reilaced :




Wi th a contact portion" neans an el ectrode such as illustrated in Fig. 1
(ass well as in other enbodinents of the present invention) wherein the
electrode is forned froma sheet conprising a contact portion and at | east
one extension integrally formed therewith which functions as a | ead
portion. Thus, the single continuous el ectrode having a | ead portion

i ntegral |y dampesiitiidrh %0Icdst astchpaohbicohheahobguéol bieel mwrefecitiarne afted for

a separ at el yq L &gl %igﬁg S HRENACBLIELL GR af pad FRONSRIGELE O a contact

portion as 1S necessar e conventiona therm'stor described in
conj unct i ontR¥eM: iy 18 notEge Jirpssds Rerevar: t #ad| B HR FTRESNENTS of

the conventdanglodi8IE iredly WaBtrelébratBenpicdesmpesitibeaial |y fornmed”
with the el ety oot 28eai® Haltlel "9y 218chANIEd LM RSP AL S Ys PHRRA! od
and attachét e or examp.le, 1 S p
in Figs. 15 and 16, another possible arrangement would be to
provide a cutout pattern for the individual PTC thermistor
chips 907 from the sheet of PTC thermistor cbmposition 901
such that the PTC thermistor chips 907 are arranged in
parallel rows with the tongue-like projections of édjacent
rows interlocking. Thus, the width of each tongue-like
projection is one half the width of the edge of the PTC
) thermistor chip 907 from which it projects. With such an
L arrangement, the nonadhesive regions 912 are laid over both
surfaces of the sheet of PTC thermistor composition in the
form of equidistantly placed strips extending the width of
the sheet of PTC thermistor composition 901 parallel to the
rows of chips, overlying the interlocking tongue-like
projections, and alternating from side to side of the sheet
of PTC thermistor composition 901 with each successive strip.
In this way, at the expense of a slightly more complicated
cutting process, not only is waste of the PTC composition
minimized, but additionally, application of the nonadhesive
regions 912 in strips can be carried out much more
efficiently than as isolated blocks spread over the surfaces.
Furthermore, neither the shape, nor the orientation of
the tongue-like projections of the fabricated PTC thermistor
chips 907 are limited to those as shown in Fig. 16. The
tongue-like projections can thus be broader or thinner as
desired, and can protrude from adjacent sides of the PTC
thermistor chip 907 if preferred by employing different
cutout patterns and different patterns for applying the non-
adhesive regions. Additionally, for certain design
requirements, it may be possible to apply the non-adhesive
regions to only one surface of the PTC composition.

- 17 - This Sheet Has Been Re
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copductjve materials. The |ead portions of the devices of the present

i nwenti on provide that that the devices can be connected to wires or other
conponents of electrical systens using known techni ques such as sol der,
conductive adhesives, mechanical nmeans, or other techni ques w thout
encountering the problens associated with the prior art devices. 8

[ Second Pref erredoEnbndi v@hidud rP e thekmistodsemmicoeddhguecbuthe fiastng

T ustrating, a8, §XaRL & AnSddiddit M3 e0%? thBs8CHQRYRREEL LS b e
manufacturing methods of the eighth and ninth embodiments,
the resistance properties of the respective PTC thermistors
can be finely adjusted to meet design requirements. Thus for
example, by varying the total volume of the block of PTC
composition, or the total surface area of the PTC composition
that is in contact with the electrode plates in the
manufactured PTC thermistor, it is possible to vary the
resistance and other electrical properties of the
manufactured PTC thermistor. Accordingly, by adjusting the
amount of the plates and PTC cqmpbsition that is removed when
the leads are formed, for example, the resistance properties
of the resulting PTC thermistor can quite easily be
controlled. Additionally, fine tuning of the resistance
properties is possible by continuously or intermittently
measuring the resistance of the PTC thermistor while trimming
or cutting away electrode plate material or PTC composition
during manufacture.

In the case of the PTC thermistors of the sixth
preferred embodiment as shown in Figs. 7, B and 9, holes were
provided in the leads for facilitating connection to other
components. It is perfectly acceptable to include an
operation for drilling, chemically etching or otherwise
forming this kind of hole as is known in the art in the
manufacturing methods of the eighth and ninth embodiments.

While the PTC thermistors and the manufacturing methods
therefor described herein have generally concerned PTC
thermistors having two lead porticns, it should be understood
that it is not the intent of the inventors to exclude PTC
thermistors having other than two lead portions. For
example, for certain surface mounted applications, it could
be feasible to employ a PTC thermistor having only one lead
portion.

Although the particular embodiments of the invention

discussed herein illustrate the lead portion of the electrode

- 18 - _\
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second enbodi nent is shown. The PTC therm stor S2 shown in Fig. 2, differs
fromthé PTC therm stor S1 of the first enbodi nent shown in Fig. 1 in that,
for the PTC therm stor S2, only a portion of each of the el ectrodes 202,
203 extends beyond the edges of the block of PTC conposition 201, thereby
formng | eads or |ead portions 204, 205 as tongue-like projections, each
ext endi ng fasnbainedeerdndt switds fdet iopatelcsécprotiaorp2it 29811 kewi | | be

expl ai ned b@ﬁ&&é&é&'@%rﬂﬁf%{e&&géﬁmgoftﬂ@g SLUELRO; FELARESA, bYnd OL&idg t he

el ectrodes 202, 203 wi bove menti oned tongue-like projections, the

manuf act ur i PRSPt MRE Rh WAy wdithpthe ERPLRGE( RRFFBPR; WR% this

Ki nd of strusidrgortidmecdd MprihasPie tikenmreyealdy Wokheat REEh CEMPONENt s

W thin an eéggééééx%oéé{éﬂvtcéﬁ;ﬂguggfﬁe@pE%f%egbn—coplanar (e.g., bent)
relationship with the contact portion. Alternately, the lead
portion, if originally integrally formed coplanar with the
contact portion, also can be altered from a coplanar
relationship with the contact portion, whether such
alteration is accomplished before or after the electrode is
joined to the PTC composition.

While applicant has described the present invention in
what the applicant considers the most practical, preferred
embodiments, applicant does not limit the present invention
to the disclosed embodiments, but, on the contrary, intends
the invention to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

[
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Bot.h. the contact portions of the el ectrodes 202, 203 and the fead portions
204; 205 have been shown in Fig. 2 as having a square or rectangul ar shape.
The present enbodinent is not so |imted, however, and bo

portions of the electrodes 202, 203 and the | eads 204, 2 an
desired outline. The contact portions of the el ectrodes B jm " Jﬂ"’
exanpl e nmayvwhatsesi ciladmedr isn shape with their respectives L y

204, 205 extending fromthe flat side of the semcircle outline. [Third
Preferred Enbodinment] In Fig. 3, a schematic structural draw ng
illustrating-a RTETChéharBistos3comPrbTHIdance with a third enbodi nent is

shown. The PTC t R§r ginStQemsAtSHAWIng Np&t P ive hiddfat fre0BddFEiRient

t herm st or 82 of .the second enbodi nent shown in ﬁ%
behavior, the element having at least t surfaces; and

b) first and second electrodes, at least one of said
electrodes comprising a single continuous electrode having a
lead portion integrally formed with a contact portion, each
of said electrodes having a contact portion in contact with a

respective surface of said at least two surfaces.

2. A PTC thermistor in accordance with claim 1, wherein said

lead portion is free from contact with said element.

3. A PTC thermistor in accordance with claim 1, wherein each
said surface of said element has a periphery and said lead
portion extends beyond the periphery of the surface with

which said at least one electrode is in contact.

4. A PTC thermistor in accordance with claims 1, 2 and 3,
wherein said lead portion is coplanar with said contact

portion:

5. A PTC thermistor in accordance with claims 1, 2 and 3,

wherein said electrodes are formed of a metallic material.

6. A PTC thermistor comprising:

a) an element having positive temperature coefficient
behavior, the element having at least two surfaces; and

b) first and second electrodes, each of said electrodes
comprising a single continuous electrode having a lead
portion integrally formed with a contact portion, each of
said electrodes having a contact portion in contact with a
respective surface of said at least two surfaces.
7. A PTC thermistor in accordance with claim 6, wherein each
of said lead portions is free from contact with said element.

-
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2 in.,that, for the PTC therm stor S3, the portion of each of 9 the

el ectrodes 302, 303 extending beyond the bl ock of PTC co mmwﬂ I“ﬂﬂmuuu
thereby formng the |lead portions 304, 305, is considerabl

| ead portions 204, 205 of the PTC thermistor S2, so that the ead portlons

304, 305 are the sane wdth as the side of the respective el ectrodes 302,
303 from whigch mheWCpmmpemusthomnthcébed@mwedwfﬁﬁxnﬂaumuq,Iwhdﬁqyn e&cand

?hef?n .hgggﬁ ! %X%tf’lgif%t Wealsad4aWh BESnt | hHSTL 3L PR, XML Glead BECtion
of said electrodes extends beyond the periphery of the _
surface with which the respective electrode is in contact.

9. A PTC thermistor in accordance with claims 6, 7 and 8,
wherein said electrodes are formed of a metallic material.

10. A PTC thermistor in accordance with claims 6, 7 and 8,
wherein at least one of said lead portions is coplanar with

its respective contact portion.

11. A PTC thermistor comprising:

T

(a) a section of PTC composition having a periphery and
having positive temperature coefficient behavior; and

(b) a pair of electrode plates disposed in contact with
said PTC composition so that the section of PTC composition
is sandwiched therebetween, at léast one of said electrode
plates having a lead portion integrally formed with a non-
lead portion and said lead portion extending beyond the
periphery of said section of PTC composition thereby forming

at least one electrical lead.

12. A PTC thermistor in accordance with claim 11 above
wherein the non-lead portion of said at least one electrode

plate is substantially rectangular.

13. A PTC thermistor in accordance with claim 11 above
wherein the non-lead portion of said at least one electrode
plate has at least one peripheral edge that is substantially

curved.

14. A PTC thermistor in accordance with claim 11 above
wherein said at least one electrical lead extends from a
peripheral edge of the non-lead portion of said at least one
electrode plate that is substantially rectangular.

heet Has Been Replaced
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t herm stor S4a and PTC therm stor S4b, in accordance
enmboedi ment are shown. The PTC thermi stors S4a, S4b shq\mml !wiwmm“mh 5
respectively, differ fromthe PTC therm stor S2 of the sexond embodi

shown in Fig. 2 in that, for the PTC therm stor S4a shown in Fig. 4, the

| ead portions 404, 405 extend from adj acent sides of the PTC therm stor S4da

fromthe consacta pact it(hl&&mdbtblaein sespedinoe wltgrtaledes 1402bodve3, and ar e

Shown' 1 ' Fi G el BREERR EREE b e Y A0S R s

shown in F Ions rom opposi ng si ges of
the PTC theram slte@rstsmef PGmlPhéréén?‘é% Hert | bhssWistandiie ldes saetiede

el ectrodes 43¢ wHideidNdadiCatNU8aher 8hé 6leWiital Sidai lektendd Wrogh the

| eads project fromdifferent sides. of
with tﬁe JPTéal qeast one perlphera heedc_;l':g_ct::I:EahcerJ.ns1 Ss:[u tanﬁ:laﬁ. the case

curved.

16. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 wherein said section of PTC composition
sandwiched between said pair of electrode plates is

substantially rectangular.

17. A PTC thermistor in accordance with any of claims 11,
12, 13, 14 and 15 above wherein at least one peripheral edge
of said section of PTC composition is substantially curved.

18. A PTC thermistor in. accordance with any of claims 11, 12,
13, 14 and 15 wherein at least one of said leads is of a
width substantially equal to the length of the peripheral-

edge from which it extends.

19. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 above wherein at least one of said leads is of
a width less than the length of the peripheral edge from

which it extends.

20. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 above wherein at least one of said leads is of
a width greater than the length of the peripheral edge from
which it extends.

21. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 above wherein at least one of said leads

includes at least one hole.
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thermstprs S4a and S4b of the present enbodi rfént connect i ng ng the PTC

thermi stors S4a and S4b with other conponents Wunm circuit
is even further sinplified conpared with the PT I H'MLMIUIBCH bed for
the preceding enbodiments. . 10 [Fifth Preferred Ehbodi fenf] 'n Fig. 6, a

schematic structural drawing illustrating a PTC therm stor S5 in accordance
with a fifthRrenModrenhdmishorm inThecBTdahberwish canyptos havening 1Hi,g.125,

differs from{he PTad NE TR wrdReiNOW: hNe Tt road pids d £dindd©

of a metallic material.

23. A manufacturing method for PTC thermistors including:

(a) preparing a section of PTC composition demonstrating
positive temperature coefficient behavior and having two
contact surfaces; '

kb) preparing a.pair of electrode plates each having a
contact surface, the surface area of which is greater
than that of the corresponding contact surface of said
section of PTC composition, said contact surface having a
lead portion and a non-lead portion; and

(c) sandwiching said section of PTC composition between said
non-lead portions of said contact surfaces of said pair
of electrode plates so that the non-lead portions of the
contact surface of each of said pair of electrode plates
come to be bonded to a respectivé contact surface of said
section of PTC composition and so that at least one lead
portion of one contact surface of said electrode plates
is caused to extend beyond said section of PTC

composition.

24. A manufacturing method for PTC thermistors in accordance
with claim 23 above wherein, when said section of PTC
composition is sandwiched between said non-lead portions of
said contact surfaces of said pair of electrode plates, at
leést one of the two contact surfaces of said section of PTC
composition is brought substantially entirely into contact

. with a portion of a corresponding contact surface of a
respective one of said pair of electrode plates, said portion
of the electrode plates in contact with said section of PTC
composition constituting a non-lead portion.

25. A manufacturing method for PTC thermistors in accordance

with claim 24 above wherein, in preparing said pair of

—_—
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theym'stpor S5, the block of PTC conposition 501 as well as the contact
portion ‘of el ectrodes 502, 503 are Cliﬂﬂuﬂ fabricating a PTC
therm stor S5 in which the block of P mlmmmml'"gﬂl and t he cont act
portion of electrodes 502, 503 are cird&ul &r 'or "l Isi pse shaped, it becones
possi bl e to pack the PTC thermistor S5 and surroundi ng conponents in an

el ectrical  @lextitodenrd adesseby, leadtt bus dhcsaid apasr mfi(ﬂliamirode.
appl i cati Onj%ﬂ&etm ef\@rﬁgdw@%r EndcCOHRAS %rf_j?.éﬁ Hnds Jesi b J?auie% X
a

Preferred E ment enmat1 ¢ structur raw ngs
i || ustrat i n@*Eemrcheyond §taéﬁ1 sectsen aRIPES FOMRRTUY HRhdeS Wiiakrisadied h

enbodi ment Qfo e ty FRm alnméQQTcl:chaleléﬁ@y\ﬂana_r@)r%-@tt&tﬁé’éﬂﬁlﬁ’ Sedd S7,°

and S8 of thef%fgﬂ1o SQQd eqectrode plates.

26. A manufacturing methéd for PTC thermistors in accordance
with claim 25 above wherein, in said step of preparing said
pair of electrode plates, the non-lead portion of the contact
surface of at least one of said pair of metal electrode

plates is formed in a substantially rectangular shape.

27. A manufacturing method for PTC thermistoré in accordance
with claim 25 above wherein, in said step of preparing said
pair of electrode plates, the non-lead portion of the contact
surface of at least one of said pair of metal electrode
plates has a peripheral edge and is formed so that at least
one peripheral edge of said non-lead portion is substantially

curved.

28. A manufacturing method for PTC thermistors in accordance
with claim 23 above wherein, in said step of preparing said

pair of electrode plates, a metallic material is used.

29. A manufacturing method for PTC thermistors including:

(a) preparing a substantially flat sheet of PTC composition
demonstrating a positive tempeiature coefficient behavior and
having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;

(c) sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates so that at
least a plurality of pdrtions of each said contact surface of
said sheet of PTC composition comes to be bonded to

- This Sheet Has Been Rei aced
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are based on PTC therm stor SZ_BF_FHE—EEEBHH~€hbod|nent and PTC
thermstors S4a and S4b of t”ﬂjlmmm" MEH respectlvel y. In each
case, circular connection ho IE IHErOV|ded in the distal portion
of each tongue-like projecting |®ad pdrtison*604, 605 of each PTC

therm stor. The connection holes 608, 609 are provided to facilitate
connectionskamhsmbnéénannouthensc@ﬁp@ﬂb@t@pﬂtaqn1Sﬂnﬁﬂﬂe&:@ﬁ saidubgirusi ng

sol der, screwseikic¥ebie ﬁistes thé%f%&ﬂ earrp%ek EHeodi iRt phatkhe

foll owi ng section, a manufacturin hod wil1 be descri bed accordi g L. to a
sevent h pref@?r@ﬂtéﬁﬁgdﬁﬁéﬂtPCBy ermistor plate into g plurality of
thermistor chips, each of said PCT thermistor chips having

non-lead sections which include a corresponding non-lead
portion from each of said electrode plates and each of said
PCT thermistor chips having at least one lead section which
includes a corresponding lead portion from at least one of
said electrode plates; and

(e)'removing the PTC composition and the overlying portion of
one_of the plates from said at least one lead section,
leaving the overlying portion of the other of the plates
thereby forming at least one electrical lead.

30. A manufacturing method for PTC thermistors in accordénce
with claim 29 compromising a further step of: _

(f) while continuously measuring the electrical resistance
between the non-lead portion of each of said electrode plates
of a PCT thermistor-chip, trimming and removing a portion: of
at least one of the PTC composition, one non-lead portion,
and both non-lead portions, thereby manufacturing a PTC

thermistor having a desired electrical resistance value.

31. A manufacturing method for PTC thermistors in accordance
with claim 29 above whereby the cutting of the PCT.thermistor
plate is carried out so as to form at least two lead sections
on each of a plurality of said PTC thermistor chips, and
whereby the overlying portion of one of the electrode plates
is removed from a first of the lead sections of each of said
plurality of PTC thermistor chips and the overlying portion
of the other electrode plate is removed from a second lead

section of said plurality of PTC thermistor chips.

32. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 above wherein in said step of

sandwiching said sheet of PTC composition between said

T
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V\,hiph‘t‘h_,e PTC therm stors of any of the -precedi ng six preferred enbodi nents
can:be fabricated. In Fig. 1ﬂ“‘m“mm|“qmmmw showi ng one exanple of a
bl ock of PTC conposition 701 LRY ly be used in the

manuf act uri ng met hod according tb this' séventh enbodi ment of the present

I nvention is shown. The above nentioned bl ock of PTC conposition 701 is
fabri cat ed fowrhaREC scarfiecsist iodn seihi patkngf petect yede epdatrenr.urde coef fi ci ent

properties. I}U}Fa&ﬂ%%fag%m GRMRASEEHORG 794t bSvd RE NBEL RSO MG dewo

opposi ng surtfaces ave an equal and substantially greater surface
area than tHRarisiceadf gt deasst Ree shprhEedeoPlite MOKPBICTRERAMPHAS i on
701.  This hididadt Juk@aeemREsithe0Bnéll bs pROMYOMpESt hdeian & WO
el ectrodes 102103524 180at38 oL 8oL 200! OZasd Gl s g AT Wi th one
locations, the contact surfaces of said at least one
electrode plate do not become bonded to the contact surfaces
of the sheet of PTC composition, thereby facilitating the
removal of portions of the PTC composition from the lead

sections.

33. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 above wherein in said step of

—

sandwiching said sheet of PTC composition between said
céntact surfaces of said pair of electrode plates, a
nonadhering agent is caused to intervene between the contact
surface of both electrode plates and the corresponding
contact surfaces of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode ?lates do
not become bonded to the corresponding contact surfaces of
the sheet of PTC composition, thereby facilitating the
removal of portions of the PTC composition from the lead

sections.

34. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 above wherein in said step of
sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates, a
nonadhering agent is caused to intervene between the contact
surface of at least one electrode plate and the corresponding
contact surface of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode plates
become bonded to a iesser degree to the corresponding contact
surfaces of the sheet of PTC composition, thereby
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t wo, surfaces of the block of PTC conposition 701 havi ng t he great est
surface'area. It should be nH!ﬂum %mwr’mﬂr certain electrical and/or
physi cal characteristics he present invention, the

el ectrodes can alternately be placed i'n donfact with surfaces of the PTC

conposi tion other than those having the greatest surface area. By using
el ectrodes 1921liggtmngchhhavem@vahxqﬁwpﬁnnmqnarqftﬂh@nP§§é§omnessﬁﬁpace of

t he bl ock OffronPEReCoBRASEELPNoAO1 Which they contact, it is poss ible to

manuf acture any of the PTC thermstors of the first six preferred

enbodi nent's by using an appropriately shaped bl ock of PTC conposition 701

and appropr 3at.elhymahapedt ek eagyradetod Ofor 18R tAraariditdgst Ant Acsofehhod of

the Seventhwgggogk 2% of claims 29 and 31 above wherein in said step of
sandwiching said sheet of PTC comp031tlon bétween said
contact surfaces of said pair of electrode plates, a
nonadhering agent is caused to intervene between the contact
surface of both electrode plates and the corresponding
contact surfaces of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode plates

" become bonded to a lesser degree to the corresponding contact

surfaces of the sheet of PTC composition, thereby
facilitating the removal of portions of the PTC composition

" from the lead sections.

36. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 above wherein in .said third
Istep of sandwiching said sheet of PTC composition between
said contact surfaces of said pair of metal electrode plates,l
polytetrafluoroethylene (Teflon) is caused to intervene
between the contact surface of at least one metal plate and
the corresponding contact surface of the sheet of PTC
domposition in a plurality of locations so that at said
plurality of locations, the contact suxface of said electrode
plates do not become bonded to the corfesponding contact
surfaces of the sheet of PTC composition, whereby portions of
PTC composition in the lead portions may be more easily

removed.

37. A manufacturing method for PTC thermistors in accordance
with any of claims 23 to 27, 29 and 31 wherein at least one
lead portion of at least one of said sections is formed so as

to include at least one hole.
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firsgrof, all, a block of PTC conposition”761 is formed so as to have the
desired* si ze and shape. ma"luﬂllﬁumutl bl ock of PTC conposition
701, nearly any nethod |s Sui it does not heat the PTC

conmposition in such a 12 way that" if's fesi stance and ot her physi cal
characteristics are degraded. In the case where the bl ock of PTC
conposi ti on3g01ai safiwfaeichving meampesiflioer PESI nheonmpesbtrsonn agtcoudanee

mol di ng and §€ﬁ2nf$f‘ﬁe§§ Mdle MRS, A qdqgllg%t%aepgﬁﬁkes Ipe ebegdgodes

702, 703 are ricated so as to have sui t abl e shape and suitably
Iarge surfaet arpetablic material.

39. A PTC thermistor manufactured by a method including the

steps of: '

(a) preparing a substantially flat plate shaped section of
PTC composition demonstrating positive temperature
coefficient. behavior and having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface of which the surface area is greater than
the corresponding contact surface of said section of PTC
composition, said contact surface having a lead portion
and a non-lead portion; and

(c) sandwiching said section of PTC composition between said
non-lead portions of said contact surfaces of ‘said pair
of electrode plates so that the non-lead portions of the
contact surface of each of said pair of electrode -plates
comes to be bonded to a respective contact surface of-
said section of PTC composition and so that at least one
lead portion of one contact ;urface of said electrode
plates is caused to extend beyond said section of PTC

composition.

40. A PTC thermistor manufactured by a method including the
steps of:

(a) preparing a substantially flat plate shaped sheet of PTC
composition demonstrating a positive temperature coefficient
behavior and having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;

(c) sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates so that at
least a plurality of portions of each said contact surface of

said sheet of PTC composition comes to be bonded to

- 28 - - ,:
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descri bed above froma netal or ot her naterial which is a good electrical
conductor, for exanple, pﬂmmmﬁ“mmljl The el ectrodes 702, 703 may
be fabricated froma thin nductive netal |eaf applled to
an base plate forned froman'insul'ati'ng®material. Qher exanples include

grid electrode material, nmesh electrode material, or braided el ectrode
mat eri al . ngrﬁesﬁgnélngup@abuyn%dw‘aﬁm/@qu@%tsamﬂa@eﬁapér said Ra¥rbe

applied as wel bleéf;t:saetb@abé@qkh@iexPJ GHRRsid icer tdbrandtelepiaedes 702,
703 have been f or med gnpss ired s eC|f cations,

shown _i
the bl ock of bT@PEBﬁBSSF?f D1IthEF (ﬁﬁﬁfebéfmﬁbﬁ'Pﬁgré&ﬁFﬁc?ng%%lons
of the two ehectietios &B?ps70§achumfesaﬂutﬁcmluhdnmlsxunfaméssohavhagblock

of PTC compgg},thgla79dcLa¥ho%h e | Aldfie WIAGR PooRiAGenbRUEEDG! O
portion from each of said electrode plates and at least one
lead section which includes é corresponding lead portion from
at least one of said electrode plates: and
(e) removing the PTC composition and the overlying portion of
one of the plates from said at least one lead section,
leaving the o&erlying portion of the other of the plates
thereby forming an at least one electrical lead.

41. A PTC thermistor manufactured_by'a method in accordance
with claim 39 above wherein in said step of sandwiching said
sheet of PTC composition between said contact surfaces of
said pair of electrode plates, a nonadhering agent is caused
to intervene between the contact surface of at least one
electrode plate and the éorresponding contact surface of the
sheet of PTC composition in a plurality of locations so that
at said plurality of locations, the contact surfaces of said
at least one electrode plate do not become bonded to the
contact surfaces of the sheet of PTC composition, thereby
facilitating the removal of portions of the PTC composition

from the lead sections.

42. A PTC thermistor manufactured by a method in accordance
with claim 39 above wherein in said step of sandwiching said
sheet of PTC composition between said contact surfaces of
said pair of electrode plates, a nonadhering agent is caused
to intervene between the contact surface of both electrode
plates and the corresponding contact surfaces of the sheet of
PTC composition in a plurality of locations so that at said
plurality of locations, the contact surfaces of said
electrode plates do not become bonded to the corresponding
contact surfaces of the sheet of PTC composition, thereby

- 29 -
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adher &, t,0 a respective contact porti f each el ectrode 702, 703. To
achi eve this adhesi on bet wjﬂl!lwﬁli %II Hﬂig 702, 703 and the block of PTC
conposition 701, various t Ot srand physical neans nay be

enpl oyed. For exanple, a pressureLbonding techni que nay be used in which,

after the opposing surfaces of the block of, PTC conpositjon 701 are brought
'n contact SRCR-TTES B RS TGOS P ERArP T 8Epehe: aC orempraietor o
703, by appfyomgtiee plesdusectoforis.- 100 kg/ cnR agai nst the bl ock of PTC
conposition 701 by the contact surfaces of the electrodes 702, 703 at a
tenperature higher than the nelting point of the PTC conposition for a
mnute or | ®Agel, PERBESY ofPk dihpdadificstage rir FREr thgrRoABOESIi ve adhesi ve
agent, for egymppieidgiite (Fujikura Chemical Co.), Sitcoat (Fukuda Metal
Foil and Po%QFr '

pgéigr{gg'a pair of electrode plates each having a
contact surface;
(b) a section of PTC composition demonstrating positive
temperature coefficient behavior and having two contact
surfaces, said éeCtion of PTC composition being disposed
between said pair of electrode plates; |
(c) a non-adhering agent disposed between said section of PTC
composition and at least one of said electrode plates in a

) plurality of locations, whereby the contact surfaces of said
at least one electrode plate are bonded to the contact

~ surfaces of the sheet of the PTC composition to a lesser

degree than are contact surfaces of said at least one
electrode plate which do not have said non-adhering agent
interposed between said contact surface of said at least one
electrode plate and the contact surface of the sheet of PTC

composition.

44, A product for the manufacture of PTC thermistors made by
‘the process of:

(a) preparing a substantially flat sheet of PTC compositioﬁ
demonstrating positive temperature coefficient behavior ana
having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality .
of lead portions and non-lead portions;

(c) interposing a non-adhering agent in a plurality of
locations between at least one contact surface of said sheet
of PTC composition and at least one contact surface of at
least one of said eleétrode plates; '

(d) sandwiching said sheet of PTC composition between said

. contact surfaces of said pair of electrode plates so that at
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be .,egpl qyed, applying the ag th ds such as spraying, coating with a
brush, or using a roll coate "lﬂﬁﬁl“ﬁllaﬁ i“" 13 where the PTC conposition
701 is formed of a conposite by mai ntaining the el ectrodes
702, 703 in a fixed position having a deS|red gap therebetween, IﬂjECtIOﬂ

nDIdlng met hods are available in which the PTC conposition 701 may
directly extfagbdabelweahitheok| RAGGIRNSS Ofozac?matlﬁlu§°f15ﬁﬁFn§u¥ﬁécm%k of

PTC conposi h98 $Rde8ngr aptit evbriyshaiesi Qonie's @Be pepebatiea@ntol Ei ghth
Preferred EnbodlnentL
corresponding portions of said contact surfaces of said pair
of electrode plates thereby forming a PCT thermistor plate,
and whereby said non-adhering agent is disposed between said
at least one contact surface of said sheet of PTC composition
and said at least one contact surface of said at least cne

electrode plate;

45. A thermistor chip product made by the process of:
(a) preparing a sheet of PTC composition demonstrating
positive temperature coefficient behavior and having two
contact surfaces;
(b) preparing a peir of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;
(c) interposing a non-adhering agent in a plurality of
locations between at least one contact surface of said:sheet
of PTC composition and at least one contact surface of at.
least one of said electrode plates;
(d) sandwiching said sheet of PTC composition between said
contact surfaces of said'pair of electrode plates so that at
least a plurality of portions of each said contact surface of
said sheet of PTC composition comes to be bonded to
corresponding portions of said contact surfaces of said pair
of electrode plates thereby forming a PCT thermistor plate,
and whereby said non-adhering agent is disposed between said
at least one contact surface of said sheet of PTC composition
and said at least one contact surface of said at least one
electrode plate;
(d) cutting said PCT thermistor plate into at least one PCT
thermistor chip, said at least one PCT thermistor chip hawving
non-lead sections which include a corresponding non-lead
portion from each of said electrode plates and at least one
lead section which includes a corresponding lead portion from
at least one of said electrode plates.
U
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I n.tha foll owi ng section, a manufacturing method will be described
according to an eighth pref emﬁnmm)m ith reference to Figs. 12 and
13, by which the PTC therms U#"m;’”"rh preferred enbodi nent shown
in Figs. 4 and 5, as well as &l t&rrfaté efbodi ments thereto, can be

fabricated. The PTC therm stors of the fourth preferred enbodi nent are
formed so that the | ead portions extend fromdifferent sides of the PTC

therm stor.4és shudbdudingl hetBod! BBETPEEOEREPREELSPS 1Sciwdime: Dy.
sandw ching a sheet of PTC therm stor conposition 801 between two sheets

802, 803. This therm stor sheet 806 may be fabricated using conventional
net hods as teyvebaEridesa idedd edr kilectrblaxt plabtest dachrilsdwingheet 806 i s

cut along the bé&*%%ht surface, said contact surface having a lead
portion and a non-lead portion;

(b) fitting said pair of electrode plates into an injection
mold so that said pair of electrode plates lie parallel
with respect to one another and so that said contact
surface of each said electrode plate faces and
substantially overiaps the contact surface of the other
electrode plate, said injection mold being such that said
injection mold defines at least one hollow space between
the facing contact surfaces of the two electrode plates,
the portioh of each electrode plate adjacent to said
hollow space constituting a non-lead portion of said
electrode plate, said injection mold occupying at least a
portion of the area between said pair of electrodé plates
and adjacent to at least one  electrode plate, the portion
of said at least one electréde plate adjacent to said
occupied area constituting at least one lead portion of
one contact surface of said at.least one electrode plate;

(c) heating a PTC composition to a temperature above a
solidification temperature of said PTC composition and
below a thermal’degradation temperature of said PTC
composition, and maintaining said PTC composition at said
temperature; ' '

(d) injecting said heated.-PTC composition into said hollow
space in said injection mold between said non-lead
portions of said contact surfaces of said pair of
electrode plates; | :'

(e} allowing said injection mold, pair of electrode plates
and injected PTC composition to cool, thereby forming a
section of‘solid PTC composition between said pair of
electrode plates, said section of solid PTC composition

having at least two contact surfaces, so that the non-
-
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lipgs, shownln Fig. 12, using “ﬁlexalnﬁleajlg saw, so as to forma

plurality of PTC therm stor ch mmu'ﬁ]ngue- | i ke projections
protruding from opposite sides stor chips 807, an exanple

of . which is shown in Fig. 13. Addltlonally, a"l aser, rotary saw, band saw,
stanping, etc., or other suitable neans may be used for the cutting
operation. Nei tliead rlestdlageofnbhet penbasentarfage B t9rch Gfgdaid I’?@lr

proj ections of otfh%lfe%lﬂrr‘o@l@t 9da€5§ E:Bﬁém;étlgé sbhdsa 8 @anedgattiied to those

as shown in Fi 13. The tongue roj ection t hus b broader or
t hi nner as %@ntact surfacg of sagdp tgon o? §¥E‘compos ion, .

whereby a PTC thermistor is manufactured for which at least
one lead portion of at least one of said electrode plates is

caused to extend beyond said section of PTC composition.
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desiki€d,yand can protrude from adj acent sides of the PTC therm stor chip
8077if preferable. Next, by a partial thickness cutting operation, the
portions of the PTC therm stor chip 807 shaded with diagonal lines in Fig.
13 are nechanically renoved by cutting through one of the el ectrode plates
and the adjacent PTC conposition, for exanple by using a grinder, to renove
t he adherent PTC conpositi on, ABRTRACE K i THE tHSGISSURENs of the plates that
lie within each of the two shaded portions, as well as the PTC conposition
801 fromboth of the shaded sections. For the_apove partial thickness

cutting, a sharp BlQd@ositd Ve EREBFTARYTBeCRSEH cHFP USRI F S St Pol | ed
depth with aoveflacpnfdyueatiaseandsa ahsthappfor aiiielr Imardfastuay, atree bl ock

of PTC Conp%gggf%@e%qlaTkg &QEQYgSegsE%Eléhé?hfgg%ééﬁﬂzve a PTC element
sandwiched between two electrodes for which leads are formed
as an extension of eaéh of the two electrodes protruding
beyond the edge of the PTC element. Several methods for
manufacturing this kind of PTC thermistor are described,
whereby undue thermal and physical stress to the PTC
composition are avoided. Additionally, by means of the
described manufacturing methods, PTC thermistors having a
variety of shapes and configurations can be fabricated.

This Sheet Has Been Rerlaced
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portloﬁ 804 which is formed on one side of the PTC therm stor chip 807 as
an éxt ension of the contact portion 802a forned from sheet 802, and the
other lead portion 805 which is forned on the opposite side of the PTC
therm stor chip 807 froman extension of the contact portion 803a forned
fromthe other sheet 803 | ocated on the opposite surface of the PTC
therm stor chip 807. The PTC therm stor manufactured in this way is
identical to the PTC therm stor S4b shown in Fig. 5. [Ninth Preferred
Enbodi ment] In the follow ng section, a manufacturing nmethod will be
descri bed according to an ninth preferred enbodi nent which is exenplary of
the nethod, with reference to Figs. 14, ?irhm As shown in Fig. 14, a
t herm stor sheet 906 is prepared «1 '
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FIG.2
S 204
2\ /
4
205 4\

£

T 1\
201 202 203

203 201 202205 + Has Been Replaced

"l \l\l\k Hh



by first forming a plurality of nonadhesi ve regions 912 on each surface of
a sHeéet of PTC thermistor conposition 901 using an appropriate pattern for
the side to which it is applied, after which the sheet of PTC thernistor
conposition 901 thus prepared is sandwi ched between two netallic sheets

15 902, 903 which becone adherent to the portions of the respective sides
of the sheet of PTC therm stor conposition 901 which have not been treated
so as to be nonadhesive. Additionally or alternatively, the nonadhesive
regions 912 may be formed on the approprlate si des of the el ectrode

Fi1G.4
Sda

S4b

504

501
S
503

““\S\\\\\\\\\\\\\i\ii\ifﬁii“‘



pl ates“rather than on the PTC therm stor conposition. The method for
creating the above described nonadhesive regions 912 is not particularly
limted provided that the appropriate areas are nmade sufficiently
nonadherent. One applicable nmethod, for exanple, is to selectively mask
those areas which are desired to be adhesive usi ng suitable patterns and
then apply a non-stick paint, for- exanple Relco Ace (Dow Corning Toray
Silicon Co.), or Daifree (Daikin I.ndustri al Ltd.), over the masked and
unmasked regions using a roller, roll coater or brush or by spraying, after
whi ch the masks are renoved. Anot her, Egd is to apply a suitably cut-out
thin filmor tape to each surface oﬂng @ of PTC thernistor
conposition 901 or to the surfaces of the electrode plates, the thin film
or tape formed of, fg% 604

\ (é/BOS

605
609 ——
1
601 02 \603
FIG.8
.37': 608 .
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exanplke, pol ytetrafl uoroethyl ene (available comercially as Teflon), Teflon
coat ed paper, silicon coated paper or sone other material with simlar
non-stick properties. \Wen pol ytetrafluoroethylene filmor tape is used, a
t hi ckness of less than 0.5 mm or nore preferably, less than 0.1 mMmis
desirabl e. Next, the therm stor sheet 906 thus fabricated is cut along the
broken lines shown in Fig. 15, .just as in the eighth enbodi nent, so as to
forma plurality of PTC therm stor chips 907 having tongue-|i ke projections
protrudi ng fromopposite sides of the PTC therm stor chips 907, an exanple
of which is-shown in Fig. 16. ‘For every tongue-like projection, one side
corresponds to one of the nonadhesive regions 912 previously laid down on

t he sheet of

FI1G.10

. 701
FIG.1:1
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PTC th&r'm stor conposition 901. Additionally, based on the patterns
according to which the nonadhesive regions 912 were |aid down on the sheet
of PTC therm stor composition 901, for 16 each PTC therm stor chip 907,

t he nonadhesive regions for the two tongue-like projections lie on opposite
sides of the PTC therm stor chip 907 with respect to one another. As can be
seen fromFig. 16, with the exception of the nonadhesive regions 912, the
PTC therm stor chip 907 is identical to the PTC therm stor chip 807 _
produced by the manufacturing nethod of the eighth preferred enbodi nent as
shown in Fig. 13.

FIG.12 !
806 =
N L7 £
—- Z_— | |
!_ 1
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801 802 803
FIG.13
804
807\\‘\ AN
l.. : . 2b 2
{ 802 ( \805
801a 2 3032
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Next ,+the portions of the PTC therm stor conposition 901 as well as the
pottian of one of the netallic sheets 902, 903 which is adherent thereto is
selectively renoved from each tongue-like projection of each PTC therm stor
chip 907. The portions of the tongue-like projections to be elimnated can
easily be renoved by cutting through the full thickness of the tongue-like
projection up to but not including the portion of the sheet 902, 903 which
is to remain, using for exanple a |aser. After this is acconplished, the
portions to be renoved easily fall away and can be separating fromthe
manuf act ured PTC chi ps by shaking over a grid with a suitable mesh size.
Thus, for each tongue-like projection, only the portion of one of the

metal lic sheets 902, 903 which vas [ §CGis1 &

906

\

912

903

/"/
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t he ‘nonadhesi ve region 912 lying on one side of the tongue- |like projection
repﬁins. These renmai ning portions of the netallic sheets 902, 903 lying in
t he tongue-like projections thus correspond to the |ead portions 904, 905,
while the rest of the remmining portions of the sheets 902, 903 overlying
both sides of the main body of the PTC therm stor chip 907 corresponds to
the contact portions 902a, 903a. The PTC therm stor thus fabricated is
identical to the PTC therm stor S4b of the fourth enbodi ment shown in Fig.
5. In the manufacturing -nethod of the present enbodi nent as described thus
far, the nonadhesive regions 912 are laid over both surfaces of the sheet
of PTC therm stor conposition 901 in bl ocks surrounded by adhesive regions
912', and furthernore, the cutout P'n-o' g individual PTC '

907 gg4 902a

oy

912

901a . go3a 912 905

-
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t her i sfor chips 907 fromthe sheet of PTC thermstor 17 conposition 901
i s=such that the tongue-like projections of adjacent chips do not interlock
at all. The present invention is not so limted, however, and other
arrangenments are possi bl e whereby waste of the PTC conposition is

m nimzed. For exanple, in distinction to the patterns shown in Figs. 15
and 16, another possible arrangenent would be to provide a cutout pattern
for the individual PTC thermstor chips 907 fromthe sheet of PTC

therm stor conposition 901 such that the PTC therm stor chips 907 are
arranged in _

FI1G.17
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this way, at the expense of a slightly nore conplicated cutting process,
not only is waste of the PTC conposition mnimzed, but additionally,

application of the nonadhesive
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[Field of the Invention]

The present invention relates to PTC (positive
temperature coefficient) thermistors, and their manufacturing

methods.

[Prior Art]

PTC (positive temperature coefficient) thermistors are
well known devices which have been employed in electronic
circuits for over current protection and for thermal sensing.
A conventional PTC thermistor is shown in Fig. 17, As can be
seen in the illustration, the PTC thermistor SO has a
composite structure of sandwiched PTC composition la between
electrodes 2a and 3a. The above mentioned PTC element la is
‘comprised of a PTC composition including polymers and
conductive'particles which demonstrates positive thermal
coefficient resistance properties. The electrodes 2a, 3a are
formed from sheet form metallic material, and each is
provided with a respective lead 4, 5 connected thereto as
shown in Fig. 17. '

For the manufacture of this type of PTC thermistor SO,
the following method, for instance, can be applied. First of
all, as is shown in Fig. 18, two relatively large metallic
sheets 2, 3 each of which constitutes a plﬁrality of the
individual thermistor electrodes 2a, 3a respectively, are
bonded to the opposing upper and lower surfaces of a sheet of
PTC composition 1 which is to constitute a plurality of the
individual PTC elements la, thereby forming a laminated PTC
thermistor sheet 6. The above bonding of the metallic sheets




regions 912 in strips can be carried out nuch nore efficiently than as

"i.sol ated bl ocks spread over the surfaces. Furt
nor the orientation of the tongue-like project
therm stor chips 907 are limted to those as s
tongue-1i ke projections can thus be broader of
protrude from adj acent sides of the PTC t herm
enpl oying different cutout patterns and differ
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i 1 n Fig. 16.
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non- adhesive regions. Additionally, for certa

plying the
nts, it

pattermns—for
design require

may be possjble to %ppl% t he non-adhesive regions to only one surface of
the PTC Coﬁboéiﬁpoﬁ.e PTC composition 1 is conventionally achieved

using a conductive adhesive agent. Next, as shown in Fig.

19, the PTC thermistor sheet 6 thus fabricated is cut into

small thermistor chips 7 of the desired form. Finally, to

the both the upper and lower electrode 2a, 3a of each

thermistor chip, a respective lead 4, 5 is soldered or spot

welded, thereby establishing an electrical connection between
3a, whereby the PTC

lead wire 4, 5 and the electrodes 2a,

thermistor SO shown in Fig. 17 is fabricated.
With the type of PTC thermistor S0 shown in Fig. 17 and
for the fabrication method thus described, several problems

exist. These problems include the following:

1. It is necessary to prepare the leads 4, 5 from a separate

metal sheet or metal wire from that used for the

electrodes 2a, 3a.

2. A manufacturing process of connecting the leads 4, 5 to

the electrodes 2a, 3a is necessary.

3. Application of heat and pressure to the thermistor chips

7 occurs when the leads 4, 5 are connected by soldering

or spot welding. In particular, there is always the ,
possibility that the added heat will deleteriously effect

the PTC composition, for example resulting in change in

the resistance properties of the composition,

deterioration of the composition, weakening of the bond

with the electrodes, etc..

4. Variability in the quality of the electrical and physical

connection between the leads 4, 5 and the electrodes 2a,

3a is likely to occur which also impairs the performance

of the finished thermistor.



18 For the various PTC thernistors according the first through seventh
enbodi nents and for those manufactured by the{|nRERIAGEMENT 'SHE

ei ghth and ni nth enbodi nents, the resistance pr{ '

PTC therm stors can be finely adjusted to nee
for exanple, by varying the total volumd of tpe
or the total surface area of the PTC conpositfo
the el ectrode plates in the nmanufactured PTC#
vary the regi t li@gt ri cal prop
t herm st or.

ts. Thus

e FEs Wrc

that is in

[ her mi st or,

Accordi ngly, by adjusting the anmount of the plates and PTC

conposition that is renoved when

In consideration of the above, it is an object of the
present invention to provide PTC thermistors having
simplified physical structures for which the electrical
properties are consistent and can be selected to meet design
requirements. A second object is to provide manufacturing
methods for such PTC thermistors.

' In order to achieve the above described first object of
the present invention, a PTC thermistof is disclosed having a
PTC element sandwiched between two plates for which lead
portions are formed as an extension of each of the two plates
protruding beyond the edge of the PTC element.

In order to achieve the above described second objecﬁ of
the present invention, starting with a sheet form PTC
composition which demonstrates a positive thermal
coefficient, the PTC composition' is sandwiched between and
caused to adhere to two metal sheets, thé metal §heets having
a surface area which 'is greater than the surface area of the
opposing surfaces of the éheet of PTC composition with which
they are in contact.

As an additional means to achieve the above described
second object of the present invention, starting with a sheet
form PTC composition.which demonstrates a positive thermal
coefficient, the PTC composition is sandwiched~between and
caused to adhere to two metal sheets, a first metal sheet and
a second metal sheet. The PTC thermistor sheet thus formed
is then sectioned into a plurality of PTC thermistor chips,
each shaped so as to have at least two tongue-like
projections which will subsequently be formed into leads.
Next, for each PTC thermistor chip thus fabricated, from at
least one of the tongue-like projections, the PTC composition
and the overlying metal sheet from the fifst metal sheet is
removed. Additionally, for each PTC thermistor chip, the
PTC composition and the overlying metal sheet from the second

t hods of the
espective

osition,.
act with

it is possible to
factured PTC



the'leads are fornmed, for exanple, the res ngﬂQﬁEMEMbé%EEEs of the
resulting PTC therm stor can quite easily lje atrotted Ald{ti onal |y,
tuning of the resistance properties is pos

Ajd
_ _ i Bl e by, h-nuously or
intermttently nmeasuring the resistance of |the %’gcfﬁe%%qs ol while

trimm ng or cutting away el ectrode plaag
manuf acture. I n the case of the PTC t herm

ors of the sixthl|preferred

fine

tqrial aor RPFG-ednposition during

enbodi nent as shown in Figs. 7, 8 and 9, holes—were—provided in the |eads
for facilitati-ng connection to other conponents. It is perfectly acceptable

to i ncl udemabadpstieét obs f emalrdd |finegy athdeiassl bpeebfhthg pemaimiagi se

formng this kind, of hole.as i nown in the art in the manufacturing
met hods oft?ﬂgu%ibh¥% %5%3?§#ﬁ§?%§wbodinents.
For the PTC thermistor of the first object as described

above, as well as for the PTC thermistors fabricated by the
two methods described above in connection with the second
object of the present invention, both electrodes of the PTC
thermistor which are formed from corresponding metal sheets
{(or other suitable materials) have extensions integrally
formed therein which function as electrical leads.
Accordingly, it is possible to eliminate the need for
separately .prepared and attached electrical leads connected
with the electrodes, and the above described problems

associated therewith.

E'EE. i Dt £ t} DW; -

Fig. 1 is a schematic structural drawing_illustrating an
example of a PTC thermistor in accordance with a first

embodiment of the present invention.

Fig. 2 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a second

embodiment of the present invention.

Fig. 3 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a third

embodiment of the present invention.

Figs. 4 and 5 are schematic structural drawings illustrating
different examples of a PTC thermistor in accordance with a

fourth embodiment of the present invention.

Fig. 6 is a schematic structural drawing illustrating an
example of a PTC thermistor in accordance with a fifth

embodiment of the present invention.



VWhile the PTC thermistors and the nmanufactur

[ flor descri bed
herein have generally concerned PTC t herm stpr Pﬂiﬁ”ﬁ?ﬁﬁiq 1:ed portions,

it should be understood that it is not the iptent of the inenftors to
exclude PTC thernistors having other than twp | e2é pEBt199s.} Hor exanpl e,
for certain surface nounted applications, itjcpuld be feasibl g to enploy a

PTC therni stor having only one | ead portbhon.} ArThHough t he part

| cul ar
ad portion

enbodi nents of the invention discussed hereip illustrate the.
of the el ectrode REPLACEMENT SHEET :
Figs. 7 through 9 are schematic structural drawings

illustrating examples of a PTC thermistor in accordance with

a sixth embodiment of the present invention.

Fig. 10 is an oblique view showing one example of a PTC

composition component which can suitably be used in a.
manufacturing method according to a seventh embodiment of the

present invention.

Fig. 11 is an oblique view showing a manufacturing method

according to a seventh embodiment of the present invention.

Figs. 12 and 13 are oblique views showing steps of a
manufacturing method according to an eighth embodime

present invention.

Figs. 14 through 16 are oblique views showing steps of a

manufacturing method according to a ninth embodiment

present invention.

nt of the

of the

Fig. 17 is is a schematic structural drawing illustrating an

example of a conventional PTC thermistor.

Fig. 18 and 19 are oblique views showing steps of a
conventional manufacturing method for PTC thermistor

In the following sections, preferred embodiment
thermistors and manufacturing methods for PTC thermi
will be described. in detail with reference to the dr
First of all, a first preferred embodiment will be d

with reference to Fig. 1.

s.

s of PTC
stors
awings.
escribed



19 as being coplanar with the contact portion, it will be understood that
according to the present invention, the le be copl anar

with the contact portion. The |ead portion, PLWE&H SMEETS integrally
formed with the contact portion, can be fornEa n a nﬁﬁ- nar (e.g.,

bent) relationship with the contact portg or. % | ead portion,
If originally integrally fornmed copl anar wijth the contacz oftion, also can
be altered froma copl anar relationship mﬁth‘ i on, whet her

such al teratp fg% égﬁﬁ?HQ %ﬂﬁ1 rﬁ fter the electrodg¢ is joined to
the PTC conposition app |cant as descCriped tne present invention in
what the appllcant considers the nost practical, preferred

In Fig. 1, a schematic structural drawing illustrating

an example of a PTC thermistor Sl in accordance with the
first preferred embodiment is shown. As can be seen in the
drawing, the PTC thermistor S1 is made up of a block of PTC
composition 101 which demonstrates positive thermal
coefficient properties, sandwiched between two electrodes
102, 103. The block of PTC composition 101 is formed so as
to have two opposing surfaces which have an equal and
substantially greater surface area than that of any of the
other surfaces of the block of PTC composition 101. These
two surfaces having the greatest surface area are the
surfaces which contact the electrodes 102, 103.

The PTC thermistor S1 shown in Fig. 1 differs from the
conventional PTC thermistor S0 shown in Fig. 17 in that, for
the PTC thermistor Sl shown in Fig.'l, the surface area of
one side of each of-the'electrodes is greater that the
surface area of the surface of the block of PTC composition
101 with which it is in contact. Thus, a pdrtion of each
electrode 102, 103 extends beyond the edges of the block of
PTC composition 101, the extending portion of each electrode
thereby forming a respective lead portion 104, 105.

As mentioned above, the block of PTC composition 101 is
formed from a PTC composition which demonstrates positive
thermal coefficient properties. This PTC composition may be
an organic substance. As an example, the PTC composition may
be formed from a resin composite material including a resin
matrix in which carbon black or some similar substance which
is an electrical conductor is dispersed.

The electrodes 102, 103 of the present invention as well
as the leads portions 104, 105 formed thereof are fabricated
from a metal which is a good electrical conductor, for
example, nickel or copper sheet material. Additionally, the
electrodes 102, 103 and leads 104,'105.may be fabricated from
a thin layer of highly conductive metal leaf applied to a



embodi ments, applicant does not limt the p| cREPLACEMENTSHEET tlo t he

di scl osed enbodi nents, but, on the contrary} pmtemnds tte=rmvention to cover
various nodifications and equi val ent arrang anh%%i@igﬂgﬁd ifthin the
~spirit and scope of the appended cl ai ns. 2P f ' aijrggd is: 1. A PTC
therm stor conprising: a) an el enent hawi ng| phsitd tjure
coefficient behavior, the elenent having at{l east two surfaces; and b)

first and second el ectrodes, at | east one ot—satd
base plate formed from an insulating material. Other

examples include grid electrode material, mesh electrode

material, or braided electrode material. Furthermore,

D
=

suitably conductive non-metallic materials may be applied as
well.

For purposes of the present invention, the term "contact
portion" of the electrode means the portion of the electrode
102, 103, a substantial portion of which is in contact with
the block of PTC composition and the term "lead portion”
means a portion of the electrode which is free from contact
with the block of PTC composition. Typically, the lead
portion of the electrode extends beyond the periphery of the
block of PTC composition with which the electrode is in
contaét. _ '

" For purposes of the present invention, the term "single
continuous electrode having a lead portion ihtegrally formed
with a contact portion" means an electrode such as
illustrated in Fig. 1 (as well as in other embodiments of the
present invention) wherein the electrode is formed from a
sheet comprising a contact portion and at least one extension
integrally formed therewith which functions as a lead
portion. Thus, the single continuous electrode having a lead
portion integrally formed with a contact portion can be
formed without the need fér a separately prepared and
attached electrical lead connected to a contact portion as is
necessary for the conventional PTC thermistor described in
conjunction with Fig. 17. For purposes herein, the lead
portions 4, 5 of the conventional thermistor of Fig. 17 are
not deemed "integrally formed" with the electrodes 2a, 3a
since they are formed from separately prepared and attached
conductive materials.

The lead portions of the devices of the present
invention providé that that the devices can be connected to
wires or other components of electrical systems using known
techniques such as solder, conductive adhesives, mechanical
means, or other techniques without encountering the problems

associated with the prior art devices.



el ectrodes conprising a single continuous el ectrode having a | ead portion
integrally forned with a contact portion, each of sgt Lng a
contact portion in contact with a respective surfacd GEPEAGEMENT SMEETt {t wo
surfaces. 2. A PTC thermi stor in accordance with cl din ' id | ead

portion is f-_ree fro_m cont act w!th sai d ement. 3. FT%Q%@J@#N
accordance with claim 1, wherein each sald surface qf fs
peri phery and said | ead portion extends beyond the '
with which sai-d at | east one e%egtrode is in contacy. 4. A PTC therm ptor
in accordad%? PEF%FEFT, BmBpdameqiby oi n sai d | eatPoOTTTOT—s—eepHhnar
with said contact portion. 5. A PTC therm stor in accordance with claim1l,
2 or 3, In Fig. 2, a schematic structural drawing illustrating
an example of a PTC thermistor S2 in accordance with this
second embodiment is shown. .The PTC thermistor S2 shown in
Fig. 2, differs from the PTC thermistor S1 of the first
embodiment shown in Fig. 1 in that, for the PTC thermistor
S2, only a portion of each of the electrodes 202, 203 extends
beyond the edges of the block of PTC composition 201, thereby
forming leads or lead portions 204, 205 as tongue-like
projections, each extending from an edge of its respective
electrode 202, 203. As will be explained below in the
description of manufacturing methods, by forming the
electrodes 202, 203 with the above mentioned tongue-like
projections, the manufacturing steps can be considerably
simplified. Furthermore, with this kind of structure,
connecting the PTC thermistor S2 with other components within
an electrical circuit is much simplified. .
Both the contact portions of the electrodes 202, 203 and
the lead portions 204, 205 have been shown in Fig. 2 as
having a square or rectangular shape. The present embodiment
is not so limited, however, and both the contact portions of
the electrodes 202, 203 and the leads 204, 205 can be of any
desired outline. ‘The contact portions of the electrodes 202,
203, for example may be semicircular in shape with their '
respectivé lead portions 204, 205 extending from the flat

side of the semicircle outline.

{Third Preferred Embodiment]

'In Fig. 3, a schematic structural drawing illustrating a
PTC thermistor S3 in accordance with a third embodiment is
shown. The PTC thermistor S$3 shown in Fig. 3, differs from
the PTC thermistor S2 of the second embodiment shown in Fig.
2 in that, for the PTC thermistor S3, the portion of each of



wherein said el ec{r RBRIACEMENT R6ET pf a netallic material. 6. A PTC
t.herm stor conpri gi n el emen] having positive tenperature

coefficient behavifo ,' t{having at | east two surfaces; and b)
first and -second _ctiga:e@q@gh o} said electrodes conprising a single
| ortign integrally formed with a contact

conti nuous el ectr
aid el ectrodes hayi ng contact portion in contact with a

portion, each of
respective surfac ‘two surfaces. 7. A PTC therm stor in

accordance wi th .claimg, rei,n,each of ,said | ead portions is free from
cont act mﬁt¥ﬁ%ﬁﬁ%¥é§r|%§ﬁtg%3' 383 éxtending beyong Ehe block of PTC .
composition 301, thereby forming the lead portions 304, 305,
is considerably wider than the lead portions 204, 205 of the

PTC thermistor S2, so that the lead portions 304, 305 are the

same width as the side of the respective electrodes 302, -303

from which they project.

{Fourth Preferred Embodiment]

In Figs. 4 and 5, schematic structural drawings
illustrating two examples of a PTC thermistor S4, PTC
thermistor S4a and PTC thermistor S4b, in accordance with
this fourth embodiment are shown. The PTC thermistors S4a,
S4b shown in Figs. 4 and 5 respectively, differ from the PTC
thermistor S2 of the second embodiment shown in Fig. 2 in
that, for the PTC thermistor S4a shown in Fig. 4, “the lead
portions 404, 405 extend from adjacent sides of the PTC
thermistor S4a from the contact portions of their respective
electrodes 402, 403, and are thus perpendicular to each
other. 1In the case of the PTC thermistor S4b shown in Fig.
5, the lead portions 404, 405 extend from opposing sides of
the PTC thermistor S4a from the contact portions of their
respective electrodes 402, 403, and are thus parallel. - With
a structure in which the leads project from different sides
of the PTC_thermistor, as is the case with the PTC
thermistors S4a and S4b of the present embodiment, connecting
the PTC thermistors S4a and S4b with other components within
an electrical circuit is even further simplified compared
with the PTC thermistors described for the preceding
embodiments. '



with claim®6, wherein each surface of

. ach lead portion of said el ectrodes

ext ends beyond Beriphery'of tfhe surface with which the respective

el ectrode is i n2&cFEBIWYA ATQ thermistor in accordance with claimé, 7
or 8, wherein gaild el ectrodes grd fornmed of a netallic material. 10. A PTC
thernmistor in dccordance witmtldim®6, 18 or 8, wherein at | east one of said
| ead portions ilswcaplanar wWith itfs respective contact portion. 11. A PTC
therm stor conprising: (a) a section of PTC conposition having a periphery

and having[fg@%ﬁigggféyggaqﬁﬁyaayagggﬁicient behavior; and (b) a pair of
p

8. A PTC thernift
said elenent h HEPLA

el ectrode ates disposed in contact with said PTC conposition so that t he
section of PTC conposition
In Fig. 6, a schematic structural drawing illustrating a

PTC thermistor S5 in accordance with a fifth embodiment is
shown. The PTC thermistor S5 shown in Fig. 6, differs from
the PTC thermistor S4b shown in Fig. 5 in that, for the PTC
thermisﬁor S5, the block of PTC composition 501 as well as
the contact portion of electrodes 502, 503 are circular
shaped. By fabricating a PTC thermistor S5 in which the
block of PTC composition 501 and the contact portion of
electrodes 502, 503 are circular or ellipse shaped, it
becomes possible to pack the PTC thermistor S5 and
surrounding components in an electrical circuit more densely,
and thus facilitates practical applications of the device

where a compact design is desirable.

[(Sixth Preferred Embodiment]

In Figs. 7 to 9, schematic structural drawings
illustrating a PTC thermistor S6, S§7, and S8 in accordance
with a sixth embodiment of the present invention are shown.
The PTC thermistors S6, S7, and S8 of the sixth embodiment
are based on PTC thermistor S2 of the second embodiment, and
PTC thermistors S4a and S4b of the fourth embodiment
respectively. In each case, circular connection holes 608,
609 are provided in the distal portion of each tongue-like
projecting lead portion 604, 605 of each PTC thermistor. The
connection holes 608, 609 are provided to facilitate
connections with wires and other components in an electrical

circuit, using solder, screws, rivets, etc..



i s sandwi ched t he
llead portion inte
portion extending
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3 substantlally re

accordance with cl

el ectrode plate has at

curved.

| east one el ectrical

In the following section,

a non-
cal | ead.

et andbil ar .

edge t hat

one of said electrode plates having a
| ead portion and said | ead

bry of said section of PTC conposition
12. A PTC therm stor
he non-|ead portion of said at
13. A PTC therm stor
he non-1lead portion of said at
Ieast one peri pheral
14.(Savench: Reefesred Embadé®edhhce with claim 11, wherein said at
| ead extends from a

in
| east one
in
| east one
is substantially

a manufacturing method will be

described according to a seventh preferred embodiment, by
which the PTC thermistors of any of the preceding six

preferred embodiments can be fabricated.

In

Fig.

10, an oblique view showing one example of a

block of PTC composition 701 which can suitably be used in

the manufacturing method according to this seventh embodiment

of the present invention is shown.

The above mentioned block

of PTC composition 701 is fabricated from PTC composition

exhibiting positive temperature coefficlent properties.

The

block of PTC composition 701 is formed so as to have two

opposing surfaces which have an equal
greater surface areéa than that of any
of the block of PTC composition 701.

composition 701 is sandwiched between

so that each electrode 702,

703 is in

and substantially

of the other surfaces
This block of PTC
two electrodes 702,
contact with one of the

703

two surfaces of the block of PTC composition 701 having the

greatest surface area.

Tt should be noted that to alter

certain electrical and/or physical characteristics in

accordance with the present invention,

the electrodes can

alternately be placed in contact with surfaces of the PTC
composition other than those having the greatest surface

area.

By using electrodes 702, 703 which havera larger

footprint than does the surface of the block of PTC
composition 701 which they contact, it is quiéble to
manufacture any of the PTC thermistors of the first six
preferred embodiments by using an appropriately shaped block
of PTC composition 701 and appropriately shaped electrodes

702,

703.

-~ -t

According to this method of the seventh embodlment,

first of all,
to have the desired size and shape.

a block of PTC composition 701. is formed so as
As a means to form the

block of PTC composition 701, nearly any method is suitable

provided that it does not heat the P

TC composxtion in such a



per i pher al e QQEE[AGMNTOEHEWC portion of said at |east one el ectrode

plate that i edqt angul ar . 22 15. A PTC thermstor in
accordance wifthf claim 11, whgqrgin said at |east one el ectrode plate further
conpri ses at | das2 60REBMP7 pHedal edge that is substantially curved, and
wherei n said Jat} | east one el 4ctjrical | ead extends fromsaid at | east one
peripheral edge that is substadtial ly cthved. 16. A PTC thernistor in
accordance w A 11, 12, 13, 14 and 15, wherein said section of

PTC conposition
way that its resistance and other physical characteristics

are degraded. 1In the case where the block of PTC composition

701 is formed of a composite resin composition, extrusion
molding and such conventional methods are quite acceptable.

The electrodes 702, 703 are then fabricated so as to
have a Suitable shape and suitably large surface area as
described above from a metai or other material which is a
good. electrical conductor, for example, copper sheet
material. The electrodes 702, 703 may be fabricated from a '
thin layer of highly conductive metal leaf applied to an base
plate formed from an insulating material. Other examples
include grid electrode material, mesh electrode material, or
braided electrode material. Furthermore, suitably conductive
non-metallic materials may be applied as well.

After the block of PTC composition 701 and electrodes
702, 703 have been formed to the desired specifications, as
shown in Fig. 11, the block of PTC composition 701 is
sandwiched between the contact portions of the two electrodes
702, 703, and each of the two surfaces of the block of PTC
composition 701 having the largest surface area are caused to
adhere to a respective contact portion of each electrode 702,
703. To achieve this adhesion between the electrodes 702,
703 and the block of PTC composition 701, various types of
chemical and physical means may be employed. For example, a
pressure bonding technique may be used in which, after the
opposing surfaces of the block of PTC composition 701 are
brought in contact with the contact portions of their
respective electrodes 702, 703, by applying a pressure of 1 -
100 kg/cm2 against the block of PTC composition 701 by the
contact surfaces of the electrodes 702, 703 at a temperature
higher than the melting point of the PTC composition for a
minute or longer, adhesion can be achieved. Further, é
conductive adhesive agent, for example Dotite (Fujikura
Chemical Co.), Silcoat (Fukuda Metal Foil and Powder Co.) may
be employed, applying the agent by methods such as spraying,
coating with a brush, or using a roll coater. In the case



sandwi ched between said pair of electrode plft |y

rectangular. 17. A PTC therm stor in accordanc V. cljaims 11, 12,
13, 14 and 15, wherein at | east one perijpheral edge of] 4aid section
of PTC conposition is substantially curved. [1§ ZQFFEBFB97nistor in
accordance with any of clains 11, 12, 1 nd 15, whereiy §t | east one
of said |eads-is of a wdth substanti al equal to tnhe rengthjof the

peri pheral edge fromwhich it extends. 19. therm stor i accordance
with any of clainms 11, 12, 13, 14 and 15 , wherein at |east one of

sai d | eads wheref thewP@Chcpmpes tthiton tHY lendidrmeid Ofe Bp&OMPRELEE EBENT r om,
which it exheRdsal?0py mETRtsDSIAG SiHY d1k GGt WTol3 dnay a0Figkai s 11,
12, position having a desired gap therebetween, injection molding
methods are available in which the PTC composition 701 may be
directly extruded between the electrodes 702, 703 thus
forming the block of PTC composition 701 and achieving

adhesion in one operation.

tEighth Preferred Embodiment]

In the following section, a manufactgring method will be
described according to an eighth preferred embodiment with
reference to Figs. 12 and 13, by which the PTC thermistors of
the fourth preferred embodiment §hown in Figs. 4 and 5, as
well as alternate embodiments thereto, can be fabricated.

The PTC thermistors of the fourth preferred embodiment are
formed so that the lead portions extend from different si@es
of the PTC thermistor.

As shown in Fig. 12, a thermistor sheet 806 is formed by
sandwiching a sheet of PTC thermistor composition 801 between
two sheets 802, 803. This thermistor sheet 806 may be
fabricated using conventional methods as have been described
earlier.

Next, the thermistor sheet 806 is cut along the broken
lines shown in Fig. 12, using for‘example a jig saw, so as to
form a élurality of PTC thermistor chips 807 having tongue-
like projections pfotruding from opposite sides of the PTC
thermistor chips 807, an example of which is shown in Fig.
13. Additionally, a laser, rotary saw, band saw, stamping,
etc., or other suitable means may be used for the cutting
operation. Neither the shape, nor the orientation of the
tongue-like projections of the fabricated PTC thermistor
chips 807 are limited td those as shown in Fig. 13. The

tongue-like projections can thus be broader or thinner as



13, 14 and 15, wherein at |east one of saifd a dth
greater than the length of the peripheral edge er Qﬁ1~“ﬁisg 2mds. 21. A
PTC therm stor in accordance with any of clainmsjl1}, 12, 13, 14 qnd 15 ,
wherein at |east one of said |eads includes at |east2 6rREBA99T 23 22. A
PTC therm stor in accordance with any of clainsf1], 12, 13, 14 and 15 ,
wherein said electrode plates are formedt of a nptallic marerrar. pP3. A
manuf acturi ng method for PTC therm stors incl uding. -

desired, and can protrude from adjacent sides of the PTC
thermistor chip 807 if preferable.

Next, by a partial thickness cutting operation, the
portions of the PTC thermistor chip 807 shaded with diagonal
lines in Fig. 13 are mechanically removed by cutting through
one of the electrode plates and the adjacent PTC composition,
for example by using a grinder, to remove the adherent PTC

composition, thus removing-the portions of the plates that
lie within each of the two shaded portions, as well as the
PTC composition 801 from both of the shaded sections. For
the above partial thickness cutting, a sharp blade or a
grinder may be used, or cutting to a controlled depth with a
rotary saw or laser is also applicable. 1In this way, the
block of PTC composition 80la is formed, as well as the lead
portion 804 which is formed on one side of the PTC thermistor
chip 807 as an extension of the contact portion 802a formed
from sheet 802, and the other lead portion 805 which is
formed on the opposite side of the PTC thermistor chip 807
from an extension of the contact portion 803a forﬁed from the
other sheet 803 located on the opposite surface of the PTC
thermistor chip 807. The PTC thermistor manufactured in this
way is identical to the PTC thermistor S4b shown in Fig. 5.

_[Nipth Preferred Embodiment]

In the following section, a manufacturing method will be
described according to an ninth preferred embodiment which is
exemplary of the method, with reference to Figs. 14, 15 and
16.

As shown in Fig. 14, a thermistor sheet 906 is prepared
by first forming a plurality of nonadhesive regions 912 oh
each surface of a sheet of PTC thermistor composition 901
using an appropriate pattern for the side to which it is
applied, after which the sheet of PTC thermistor composition
901 thus prepared is sandwiched between two metallic sheets



(a) preparing a section of PTC conposition deres 2 et IVAS
tenperature coefficient behavior and having tﬁEPHMKﬂMﬂH SWHﬂétes (b)
preparing a pair of electrode plates each h - u face t he
surface area of which is greater than that g contact
surface of said section of PTC conposition, |sqi ce having a
| ead portion and a non-| ead portlon euuﬂ?cﬂ S oAy #dlsection of

said pair of electrode plates so that the noms
surface of eaeh 803swhilchabecarhe eddivdireote tl amespoaméohe b€ bbeded to a
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at | east oné
901 which have not been treated so as to be nonadhesive.

Additionally or alternatively, the nonadhesive regions 912
may be formed on the appropriate sides of the electrode
plates rather than on the PTC thermistor composition.

The method for creating the above described nonadhesive
regions 912 is not particularly limited provided that the
appropriate areas are made sufficiently nonadherent. One
applicable method, for example, is to sélectively mask those
areas which are desired to be adhesive using suitable
patterns and then apply a non-stick paint, for example Relco
Ace (Dow Corning Toray Silicon Co.), or Daifree (Daikin
Industrial Ltd.), over the masked and unmasked regions using
a roller, roll coater or brush or by spraying, after which
the masks are removed. Another method is to apply a suitably
cut-out thin film or tape to each surface of the sheet of PTC
thermistor composition 901 or to the surfaces of-the '
electrode plates, the thin film or tape formed of, for .
example, polytetrafluorcethylene (available commercially as

. Teflon), Teflon coated paper, silicon coated paper or some
other material with similar non-stick properties. When
polytetrafluorocethylene film or tape is used, a thickness of
less than.0.5 mm, or more preferably, less than 0.1 mm is
desirable. _ |

Next, the thermistor sheet 906 thus fabricated is cut
along the broken lines shown in Fig. 15, just as in the
eighth embodiment, so as to form a plurality of PTC
thermistor chips 907 having tongue-like projections.
protruding from opposite sides of the PTC thermistor chips
907, an example of which is shown in Fig. 16. For every
tongue~like projection, one side corresponds to one of the
nonadhesive regions 912 previously laid down on the sheet of
PTC thermistor composition 901. Additionally, based on the
patterns according to which the nonadhesive regions 912 were
laid down on the sheet of PTC thermistor composition 901, for



portion of one contact surface of said electrod
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therm stors in accordance with claim?23 , efei n, when sai bect i on of
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ermistor chlpa$8? with respect to one another. As can be
seen from Fig. 16, with the exception of the nonadhesive
regions 912, the PTC thermistor chip 907 is identical to the
PTC thermistor chip 807 produced by the manufacturing method
of the eighth preferred embodiment as shown in Fig. 13.

.Next, the portions of the.PTC thermistor composition 901
as well as the portion of one of the metallic sheets 902, 903
which is adherent thereto is selectively removed from each
tongue-like projection of each PTC thermistor chip 907. The
portions of the tongue-like projections to be eliminated can
easily be removed by cutting through the full thickness of
the tongue-like projection up to but not including the
portion of the sheet 902, 903 which is to remain, using for
example a laser. After this is accomplished, the portions to
be removed easily fall away and can be séparating from the
manufactured PTC chipé by shaking over a grid with a suitable
mesh size.

Thus, for each tongue-like projectién, only the portion
of one of the metallic sheets 902, 903 which was overlying
the nonadhesive region 912 lying on one side of the tongue-
like projection remains. These remaining portions of the
metallic sheets 902, 903 lying in the tongue-like projections
thus correspond to the lead portions 904, 905, while the rest
of the remaining portions of the. sheets 902, 903 overlying
both sides of the main body of the PTC thermistor chip 907
corresponds to the contact portions 902a, 903a. The PTC
thermistor thus fabricated is identical to the PTC thermistor
S4b of the fourth embodiment shown in Fig. 5.

Iin the manufacturing method of the present embodiment as
described thus far, the nonadhesive regions 912 are laid over
both surfaces of the sheet of PTC thermistor composition 901
in blocks surrounded by adhesive regions 912', and
furthermore, the cutout pattern of the individual PTC
thermistor chips 907 from the sheet of PTC thermistor



with claim24 , wherein, in preparing said wpﬂEPLKUEMENTZSHEEITe trode

pl ates, at |east one of sald pair of electrode | 30 that the
portion that will be caused to extend beyond s i t P1C
conposition is fabricated so as to forman el ec rlcag #gg

l onstitutes
t hod for

said | ead portion of said electrode plates. 26.
PTC therm stors in accordance with claﬂﬁIZS , wherein, in saild step of
preparing said pair of electrode plates, the noh t+omor t he
contact surface of at -l east one of said pair of nmetal electrode
composition 901 is such that the tongue-like projections of

adjacent chips do not interlock at all. The present
invention is not so limited, however, and other arrangements
are possible whereby waste of the PTC composition is
minimized. For example, in distinction to the patterns shown
in Figs. 15 and 16, another possible arrangement would be to
provide a cutout pattern for the individual PTC thermistor
chips 907 from the sheet of PTC thermistor composition 90i
such that the PTC thermistor chips 907 are arranged in
parallel rows with the tongue-like projections of adjacent
rows interlocking. Thus, the width of each tongue-like
projection is one half the width of the edge of the PTC
thermistor chip 907 from which it projects. With such an
arrangement, the nonadhesive regions 912 are laid over both
surfaces of the sheet of PTC thermistor composition in the
form of equidistantly placed strips extending the width of
the sheet of PTC thermistor composition 901 parallel to the
rows of chips, overlying the interlocking tongue-ilike
projections, and alternating from side to side of the sheet
of PTC thermistor composition 901 with each successive strip.
In this way,.at the expense of a slightly more complicated
cutting process, not only is waste of the PTC composition
minimized, but additionally, application of the nonadhesive
regions 912 in strips can be carried out much more
efficiently than as isolated blocks séread over tﬁe surfaces.
Furthermore, neither the shape, nor the orientation of
the tongue-like projections of the fabricated PTC thefmistor
chips 907 are limited to those as shown in Fig. 16. The
tongue-like projections can thus be broader or thinner as
desired, and can protrude from adjacent sides of the PTC
thermistor chip 907 if preferred by employing different
cutout patterns and different patterns for applying the non-
adhesive regions. Additionally, for certain design
requirements, it may be possible to apply the non-adhesive

regions to only one surface of the PTC composition.
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said step of preparing said pair of electrofle]plates, the npnflead portion
of the contact surface of at |east one of séigl ﬁrFEB 1967t | ect r ode

pl ates has a peripheral edge and is forped $ojthat at |east]| ope peripheral
edge of said non-lead portion is substantiafjly curved. 23. A nufacturing
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positive tgNRRFALYLE 16GehbL b0 oPENAYI O{gW and ninth embodiments,
the resistance properties of the respective PTC thermistors
can be finely adjusted to meet design requirements. Thus for
example, by varying the total volume of the block of PTC
composition, or the total surface area of the PTC compoéition

that is in contact with the electrode plates in the
manufactured PTC thermistor, it is possible to vary the
resistance and other electrical properties of the
manufactured PTC thermistor. Accordingly, by adjusting the
amount of the plates and PTC composition that is removed when
-the leads are formed, for example, the resistance properties
of the resulting PTC thermistor can quite easily be
controlled. Additionally, fine tuning of the resistance
properties is possible by continuously or intermittently
measuring the_resisténce of the PTC thermistor while trimming
or cutting away electrode plate material or PTC composition
during manufacture.

In the case of the PTC thermistors of the sixth
preferred embodiment as shown in Figs. 7, 8 and 9, holes were
provided in the leads for facilitating connection to other
components. It is perfectly acceptable to include an
operation for drilling, chémically etching or otherwise
forming this kind of hole as is known in the art in the
manufacturing methods of the eighth and ninth embodiments.

While the PTC thermistors and the manufacturing methods
therefor described herein have generally concerned PTC
thermistors having two lead portions, it should be-understood
that it is not the intent of the inventors to exclude PTC
thermistors having other than two lead portions. For
example, for certain surface mounted applications, it could
be feasible to employ a PTC thermistor having only one lead
portion. ‘

Although the particular embodiments of the invention
discussed herein illustrate the lead portion of the electrode



having two cont #é@@mﬁﬁgﬁﬂ 1 Hreparing a pair of electrode plates each

Ravi ng a cont act

aijd contact surface having a plurality of

| ead portions and hon-Ilead portilorls; (c) sandw ching said sheet of PTC
conposi ti on betweeh 9€ FEBoW9Act] Jurfaces of said pair of electrode plates

so that at
sai d sheet

| east} af plurality of |p rtiong of each said contact surface of
of PT[C composTtion coengs to % bonded to 25 correspondi ng

portions of said]contact surfacesdof said pair of electrode plates thereby
formng a PCT thermstqr plat

as being coplanar wgth the contact portion, it will be
understood that according to the present invention, the lead
portion need not be coplanar with the contact portion. The
lead portion, so long as it is integrally formed with the
contact portion, can be formed in a non-coplanar (e.g., bent)
relationship with the contact portion. Alternately, the lead
portion, if originally integrally formed coplanar with the
contact portion, also can be altered from a coplanar
relationship with the contact portion, whether such
alteration is accomplished before or after the electrode is

-joined to the PTC composition.

~While applicant has described the present invention in
what the applicant considers the most practical, preferred
embodiments, applicant does not limit the present invention
to the disclosed embodiments, but, on the. contrary, intends
the invention to cover various modifications and eqhivalent
arrangements included within the'spirit and scope of the
appended claims. -
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(f) while

a) an element having positive temperature coefficient
behavior, the element having at least two surfaces; and

b) first and second electrodes, at least one of said
electrodeé comprising a single continuous electrode'having a
lead portion integrally formed with a contact portion, each
of said electrodes having a contact portion in contact with a
respective surface of said at least two surfaces.

2. A PTC thermistor in accordance with claim 1, wherein said
lead portion is free from contact with said element.

3. A PTC thermistor in accordance with claim 1, wherein each
said surface of said element has a periphery and said lead
portion extends beyond the periphery of the surface with

which said at least one electrode is in contact.

4. A PTC thermistor in accordance with claim 1, 2 or 3,
wherein said lead portion is coplanar with said contact -
portion.

S. A PTC thermistor in accordance with claim 1, 2 or 3,
wherein said electrodes are formed of a metallic material.

6. A PTC thermistor comprising:

a) an element having positive temperature coefficient
behavior, the element having at least two surfaces; and

b) first and second electrodes, each of said electrodes
comprising a single continuous electrode having a lead
portion integrally formed with a contact portion, each of ,
said electrodes having a contact portion in contact with a
respective surface of said at least two surfaces.
7. A PTC thermistor in accordance with claim 6, wherein each
of said lead portions is free from contact with said element.
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surface with wthh the respectlve electrode is in contact.

9. A PTC thermistor in accordance with claim 6, 7 or 8,

wherein said electrodes are formed of a metallic material.

10. A PTC thermistor in accordance with claim 6, 7 or 8,
wherein at least one of said lead portions is coplanar with

‘its respective contact portion.

11. A PTC thermistor comprising:

(a) a section of PTC composition having a periphery and
having positive temperature coefficient behavior; and

(b) a pair of electrode plates disposed in contact with
said PTC composition so that the section of PTC composition
is sandwiched therebetween, at least one of said_electrode
plates having a lead portion integrally formed with a non-
lead portion and said lead portion extending beyond the |
periphery of said section of PTC composition thereby forming

at least one electrical lead.

12. A PTC thermistor in accordance with claim 11,
wherein the non-lead portion of said at least one electrode

‘plate is substantially rectangular.

13. A PTC thermistor in accordance with claim 11,
wherein the non-lead portion of said at least one electrode
plate has at least one peripheral edge that is substantially

curved.

14. A PTC thermistor in accordance with claim 11,

wherein said at least one electrical lead extends from a
peripheral edge of the non-lead portion of said at least one
electrode plate that is substantially rectangular,



32. "A manuf act urg therm stors in accordance with either of

¢lainms 29 and 3 fn said step of sandw ching said sheet of

PTC conposi tion jbdgiween sai d 2@ contact surfaces of said pair of

el ectrode plateq, |a agnpgheppra jadent is caused to ||;|“ﬂluﬂ]ﬂm ﬂw t he
contact surface loff at | east one lelfectrode plate and ﬁ m“L'
contact surface of re- I~ (@ coH%%sition inapldrality of Iocations
so that at said plurality of |ocatlions, the contact surfaces of said at

| east one el ectrode plate do not beconme bonded to the contact surfaces
15. A PTC thermistor in accordance with claim 11,

wherein said at least one electrode plate further comprises !
at least one peripheral edge that is substantially curved,
and wherein said at least one electrical lead extends from

said at least one peripheral edge that is substantially

curved.

16. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15,wherein said section of PTC composition
sandwiched between said pair of electrode plates is

substantially rectangular.

17. A PTC thermistor in accordance with any of claims 11,
12, 13, 14 and 15, wherein at least one peripheral. edge
of said section of PTC composition is substantially curved.

18. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15, wherein at least one of said leads- is of a
width substantially equal to the léngth of the peripheral
edge from which it extends.

19. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 , wherein at least one of said leads is of
a width less than the length of the peripheral edge from
which it extends.

20. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 , wherein at least one of said leads is of
a width greater than the length of the peripheral edge from

which it extends.

21. A PTC thermistor in accordance with any of claims 11, 12,
13, 14 and 15 , . wherein at least one of said leads

-includes at least one hole. .
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23. A manufacturing method for PTC thermistors including:

(a) preparing a section of PTC composition demonstrating
positive temperature coefficient behavior and having two
contact surfaces;

(b} preparing a'pair of electrode plates each having a
contact surface, the surface area of which is greater
than that of the corresponding contact surface of said
section of PTC composition, said contact surface having a
lead portion and a non-lead portion; and

(¢) sandwiching said section of PTC composition between said

non-lead portions of said contact surfaces of said pair
of electrode plates so that the non-lead portions of the
contact surface of each of said pair of electrode plates
come to be bonded to a respective contact surface of said
section of PTC composition and so that at least one lead
portion of one contact surface of said electrode plates
is caﬁsed to extend beyond said section of PTC

composition.

24. A manufacturing method for PTC thermistors in accordance
with claim 23 , wherein, when said section of PTC
composition is sandwiched between said non-lead portions of
said contact surfaces of said pair of electrode plates, at
least one of the two contact surfaces of said section of PTC
composition is brought substantially entirely into contact
with a portion of a corresponding contact surface of a
respective one of said pair of electrode plates, said portion
of the electrode plates in contact with said section of PTC

composition constituting a non-lead portion.

25. A manufacturing method for PTC thermistors in accordance

with claim 24 , wherein, in preparing said pair of
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portion of said electrode plates.

26. A manufacturing method for PTC thermistors in accordance
with claim 25 , wherein, in said step of preparing said
pair of electrode plates, the non-lead portion of the contact
surface of at least one of said pair of metal electrode
plates is formed in a substantially rectangular shape.

27. A manufacturing method for PTC thermistors in accordance
with claim 25 , wherein, in said step of preparing said
pair of electrode plates, the non-lead portion of the contact
surface of at least one of said pair of metal electrode '
plates has’ a peripheral edge and is formed so that at least
one peripheral edge of said non-lead portion is substantially

curved.

28. A manufacturing method for PTC thermistors in accordance
with claim 23 , wherein, in said step of preparing said

pair of electrode plates, a metallic material is used.

29. A manufacturing method for PTC thermistors including:

(a) preparing a substantially flat sheet  of PTC composition
demonstrating a positive temperature coefficient behavior and
having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;

(c) sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates so that at
least a plurality of portions of each saild contact surface of

said sheet of PTC composition comes to be bonded to

.
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P of electrode plates thereby forming a PCT thermistor plate; ’
(d) cutting said PCT thermistor plate into a plurality of PCT
thermistor chips, each of said PCT thermistor chips having

non-lead sections which include a corresponding non-lead
portion from each of said electrode plates and each of said
PCT thermistor chips having at least one lead section which
includes a corresponding lead portion from at least one of
said electrode plates; and

(e) removing the PTC composition and the overlying portion of
one of the plates from said at least one lead section,
leaving the overlying portion of the other of the plates -
thereby forming at least one electrical lead. |

30. A manufacturing method for PTC thermistors in accordance
with claim 29., comprising a further step of:

(£) while continuously measuring the electrical resistance
between the non-lead portion of each of said electrode plates
of a PCT thermistor chip, trimming and removing a portion of
at least one of the PTC composition, one non-lead portion,
and both non-lead portions, thereby manufacturing a PTC
thermistor having a desired electrical resistance value.

31. A manufacturing method for PTC thermistors in accordance
with claim 29 , wherein the cutting of the PCT thermistor
ﬁlate is carried out so as to form at least two lead sections
on each of a plurality of said PTC thermistor chips, and
whereby the overlying portion of one of the electrode plates
is removed from a first of the lead sections of each of said
plurality of PTC thermistor chips and the overlying portion
of the other electrode plate is removed from a second lead
section of said plurality of PTC thermistor chips.

32. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31, wherein in said step of

sandwiching said sheet of PTC composition between said



becone bonded to reg _o-the correspondi ng contact surfaces of
the sheet of PTC ¢ol %H’Igﬁﬁ %Eﬁ.e y facilitating—theTtenoval of portions

of the PTC conposiititon fromthe | ¢afl sections. 36. A \"\lm“‘at‘hod
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wherei-n in said tRind step of sandwjching said sheet PTC cBnpdsition

bet ween sai d cont gct—surraces of saild pﬁ r of metal el ectrode plates,

pol ytetrafl uoroetHyl ene (Teflon) isdcaused to intervene between the contact
surface of at {east one netal plate and the correspondi ng contact surface
of the sheePdRBTEUESHEESI PLofaid BapF uPHI F1§C OO &o that at said
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become t“”“?ﬁiéé%é'% % r&%%ggnghggefgggggée plate and the corresponding

contact surface of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said at least one
electrode plate do not become bonded to the contact surfaces
of the sheet of PTC composition, thereby facilitating the
removal of portions of the PTC composition from the lead

sections.

33. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 ’ wherein in said step of
sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates, a
nonadhering agent is caused to intervene between the contact
surface of both electrode plates and the corresponding
contact surfaces of the sheet of PTC composition .in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode plates do
not become bonded to the corresponding contact surfaces of
the sheet of PTC composition, thereby facilitating the
removal of portions of the PTC composition from the lead

sections.

34. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31, wherein in said step of
‘sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates, a
nonadhering agent is caused to intervene between the contact
surface of at least one electrode plate and the corresponding
contact surface of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode plates
become bonded to a lesser degree to the corresponding contact
surfaces of the sheet'of PTC composition, thereby
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wherein said el ectrode plates are

facilitating the removal of portions of the PTC composition

from the lead sections.

35. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 , wherein in said step of
sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode piates, a
nonadhering agent is caused to intervene between the contact
surface of both electrode plates and the corresponding
contact surfaces of the sheet of PTC composition in a
plurality of locations so that at said plurality of
locations, the contact surfaces of said electrode plates
become bonded to a lesser degree to the corresponding contact
surfaces of the sheet of PTC composition, thereby |
facilitating the removal of portions of the PTC composition

from the lead sections.

36. A manufacturing method for PTC thermistors in accordance
with either of claims 29 and 31 , wherein in said third
step of sandwiching said sheet of PTC composition between
said contact surfaces of said pair of metal electrode piates,
polytetrafluoroethylene (Teflon) is caused to intervene
between the contact.surface of at least one metal plate and
the sheet of PTC

composition in a plurality of locations so that at said

the corresponding contact surface of
plurality of locations, the contact suiface of said electrode
plates do not become bonded to the corresponding contact
surfaces of the sheet of PTC composition, whereby portions of
PTC compositioh.in thg lead portions may be more easily
removed.

37. A manufacturing method for PTC thermistors in accordance
with any of claims 23 to 27, 29 and 31 wherein,at least one
lead portion of at least one of said sections is formed so as
to include at least one hole.
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39. A PTC thermistor manufactured by a method including the

steps of:

(a) preparing a substantially flat plate shaped section of

PTC composition demonstrating positive temperature

coefficient behavior and having two contact surfaces;

(b) preparing a pair of electrode plates each having a

contact surface of which the su:face area is greater than
the corresponding contact surface of said section of PTC
composition, said contact surface having a lead portion
"and a non-lead portion; and

(c) sandwiching said section of PTC composition between said
non-lead porfions of said contact surfaces of said pair
of electrode plates so that the non-lead portions of the
contact surface of each of said pair of electrode plates
comes to be bonded to a respective contact surface of
said section of PTC composition and so that at least one
lead portion of one contact surface of said electrode
plates is caused to extend beyond said section of PTC

composition.

40. A PTC thermistor manufactured by a method including the
steps of: ' '

(a) preparing a substantially flat plate shaped sheet of PTC
composition demonstrating a positive temperature coefficient
behavior and having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;

(c) sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates so that at
least a plurality of portions of each said contact surface of
said sheet of PTC composition comes to be bonded to



cones to be bond' | contact surface of said section of PTC
conposition and SoRﬂHﬁ@EMENTéHEETohe | ead portion of one contact surface of
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conposi ti oof beloE@efodadighates thereby forming a PCT thermistor plate;

(d) cutting said PCT thermistor plate into a plurality of PCT
thermistor chips, each of said PCT thermistor chips having
non-lead sections which include a corresponding non-lead
portion from each of said electrode plates and at least one

lead section which includes a corresponding lead portion from
at least one of said electrode plates; and

(e) removing the PTC composition and the overlying portion of
one of the plates from said at least one lead section,
leaving the overlying portion of the other of the plates
thereby forming an at least one electrical lead.

41. A PTC thermistor manufactured by a method in accordance
with claim 39 , wherein in said step of sandwiching said
sheet of PTC composition between said contact surfaces of
said pair of electrode plates, a nonadhering agent is caused
to intervene between the contact surface of at least one
electrode plate and the corresponding contact surface of the
sheet of PTC composition in a plurality of locations so that
at said plurality of locations, the contact surfaces of said
at least one electrode plate do not become bonded to the
contact surfaces of the sheet of PTC composition, thereby
faciiitating the removal of portions of the PTC composition
from the lead sections,

42. A PTC thermistor manufactured by a method in accordance
with claim 39 , wherein in said step of sandwiching said
sheet of PTC composition between said contact surfaces of
said pair of electrode plates, a nonadhering agent is caused
to ihtervene between the contact surface of both electrode
plates and the corresponding contact surfaces of the sheet of
PTC composition in a plurality of locations so that at said
plurality of locations, the contact surfaces of said
electrode plates do not become bonded to the corresponding
contact surfaces of the sheet of PTC composition, thereby
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43. A product for the manufacture of PTC thermistors
comprising:

(a) preparing a pair of electrode plates each having a
contact surface;

(b) a section of PTC composition demonstrating positive
temperature coefficient behavior' and having two contact
surfaces, said section of PTC composition being disposed
between said pair of electrode plates;

(c) a non-adhering agent disposed between said section of PTC
composition and at least one of said electrode plates in a
plurality of locations, whereby the contact surfaces of said
at least one electrode plate are bonded to the contact
surfaces of the sheet of the PTC composition to a lesser
degree than are contact surfaces of said at least one
electrode plate which do not have said non-adhering agent
inferposed between said contact surface of said at least one
eiectrode plate and the contact surface of the sheet of PIC

composition.

44. A product for the manufacture of PTC thermistors made by
the process of:

(a) preparlng a substantially flat sheet of PTC composition
demonstrating positive temperature coefficient behavior and
having two contact surfaces;

(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;

(c) interposing a non-adhering agent in a plurality of
locations between at least one contact surface of said sheet
of PTC composition and at least one contact surface of at
least one of said electrode plates; ' _

(d) sandwiching said sheet of PTC composition between said
contact surfaces of said pair of electrode plates so that at



at | east one of afes; and (e) renobving the PTC conposition
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of electrode plates thereby forming a PCT thermistor plate,
and whereby said non-adhering agent is disposed between said
at least one contact surface of said sheet of PTC composition
and said at least one contact surface of said at least one
electrode plate;

45. A thermistor chip product made by the process of:
(a) preparing a sheet of PTC composition demonstrating
positive temperature coefficient behavior and having two
contact surfaces;
(b) preparing a pair of electrode plates each having a
contact surface, each said contact surface having a plurality
of lead portions and non-lead portions;
(c) interpdsing a non-adhering agent in a plurality of
locations between at least one contact surface of said sheet
of PTC composition and at least one contact surfa;e of at
least one of said electrode plates;
(d) sandwiching said sheet of PTC composition between said
contact surfaées of said pair of electrode plates so that at
least a plurality of portions of each 'said contact surface of
said sheet of PTC composition comes to be bonded to
corresponding portions of said contact surfaces of said pair
of electrode plates thereby forming a PCT thermistor plate,
and whereby said non-adhering agent is disposed between said -

~at least one contact surface of said sheet of PTC composition
and said at least one contact surface of said at least one
electrode plate;
(d) cutting said PCT thermistor plate into at least one PCT
thermistor chip, said at least one PCT thermistor chip having
non-lead sections which include a cbrresponding non-lead

- portion from each of said electrode plates and at least one
lead section which includes a corresponding lead portion from

at least one of said electrode plates.
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preparihg a pair of electrode plates each having a
contact surface, said contact surface having a lead
portion and a non-lead portion;

fitting said pair of electrode plates into an injection
mold so that said pair of electrode plates lie parallel
with respect to one another and so that said contact
surface of each salid electrode plate faces and
substantially overlaps the contact surface of the other
said injection mold being such that said
injection mold defines at ‘least one hollow space between
the facing contact surfaces of the two electrode plates,
the portion of each electrode plate adjacent to said
hollow space constituting a non-lead portion of said
electrode plate, said injection mold occupying at least a
portion of the area between said pair of electrode plates
and adjacent to at least one electrode plate,.the poftion
of said at least one electrode plate adjacent to said
occupied area constituting at least one lead portion of
one contact surface of said at least one elect:ode plate;
heating a PTC composition to a temperature above a
solidification temperature of said PTC composition and
below a thermal deéradation temperature of said PTC
composition, and maintaining said PTC composition at said
temperature;

injecting said heated PTC composition into said hollow
space in said injection mold between said non-lead
portions of said contact surfaces of said pair of

electrode plates;

(e) allowing said injection mold, pair of electrode plates

and injected PTC composition to cool, thereby forming a
section of solid PTC composition between said pair of
electrode plates, said section of solid PTC composition

having at least two contact surfaces, so that the non-
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surface; (b) a sedti|o 0o$i tion denonst rat kngL posi ts ve

t enper ature coeffifci hehavi or hawang two contact surfaces, said

section of PTC cofposition being di gposed between said pair of eI ectrode

pl ates; (c) a non- o LEposed between said section of PTC
-lead portions of the contact surface of each of said pair

of electrode plates come to be bonded to a respective
contact surface of said section of PTC composition,

whereby a PTC thermistor is manufactured for which ét least
one lead portion of at least one of said electrode plates is
caused to extend beyond said section of PTC composition.
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ABSTRACT OF THE DISCLOSURE

PTC ( positive temperature coefficient ) thermistors of a novel
configuration and a method for their manufacture are disclosed. The
disclosed PTC thermistors have a PTC element (201) sandwiched
between two electrodes (202, 203) for which leads (204, 205) sare
formed as an extension of each of the two electrodes protruding
beyond the edge of the PTC element. Several methods. for
manufacturing this kind of PTC thermistor are described, whereby
undue thermal and physical stress to the PTC composition are
avoided. Additionally, by means-of the described manufacturing
methods, PTC thermistors having a variety of shapes and
configurations can be fabricated. )

Fig 2.



(b) preparing a pair of electrode plates each having a contact surface,

each said contact surface having a plurality of |ead portions and non-| ead

portions; (c) interposing a non-adhering agent in a plurality of |ocations

bet ween at | east one contact surface of said sheet of PTC conposjiion.and

at | east one contact surface of at |east one of said el ec rRﬁﬂ.PKE‘EmEW SHEEY ‘
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sai d sheet of PTC conposition comes to be bonded to corresponding portions

of said contact surfaces of said pair of electrode plates thereby formng a
PCT therm stor plate, and whereby said non-adhering agent is disposed

bet ween said at | east one contact surface of said sheet of PTC conposition

and said at | east one contact surface of said at | east one el ectrode plate;
45. A therm stor chip product made by the process of: |
of PTC conposition denonstrating positive tenperature
and having twe contact surfaces; (b)“preparing a pair
each having a contact surface, each id contact surfafef hgy ur
of lead portions and non-lead portions; - QM(?@BaKBSH
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(c) ‘interposing a non-adhering agent in a plurality of |ocations between at
l.east one contact surface of said sheet of PTC conposition and at | east one
contact surface of at |east one of said electrode plates; (d) sandw ching
sai d sheet of PTC conposition between said contact surfaces of said pair of
. electrode plates so that at least a plurality of portions of each said

- contact surface of said sheet of PTC conposition cones to be bonded to
correspondi ng portions of said contact surfaces of said pair of electrode
pl ates thereby formng a PCT therm storQplate, and whereby said

- non-adhering agent is disposed betweensaid at |east one contact surface of

' said sheet of PTC conposition and said at |east one comtgat surface of said

at | east one el ectrode plate; R -
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(d) ‘cutting said PCT thernmistor plate into at |east one PCT thermni stor

chip, said at | east one PCT therm stor chip having non-lead sections which

i ncl ude a correspondi ng non-1ead portion fromeach of said el ectrode pl ates

and at | east one | ead section which includes a corresponding |ead portion

fromat |east one of said el ectrode plates. 32 46. A manufacturing

nmet hod for PTC therm stors including: (a) preparing a }

pl ates each having a contact surface, said contact su
portion and a -non-|ead portion;
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(b) fitting said pair of electrode plates into an injection nmold so that
said pair of electrode plates lie parallel with respect to one another and
so that said contact surface of each said electrode plate faces and
substantially overlaps the contact surface of the other electrode plate,
said injection nold being such that said injection nold defines at |east
one. hol | ow space between the facing contact surfaces of the two el ectrode
pl ates, the portion of each electrode plate adjacent to said holl ow space
constituting a non-lead portion of said electrode platgs~said injection
nol d occupying at |east a portion cﬁg;:he area bet ween [s&Fp; 49

el ectrode plates and adjacent to at [east one el ectrodg ,

of said at | east one el ectrode plate adjacent to said
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occupi ed area constituting at |east one |lead portion of one contact surface
of said at | east one electrode plate; (c) heating a PTC conposition to a
tenperature above a solidification tenperature of said PTC conposition and
bel ow a thermal degradation tenperature of said PTC conposition, and '

. mai ntaining said PTC conposition at said tenperature; (d) injecting said

- heat ed: PTC conposition into said holl ow space in said 'ﬁ =etiQn nol d

bet ween said non-1lead portions of said contact surfacks,o

ACEW, _
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el ectrode plates, said section of solid PTC conposition having at |east two
contact surfaces, so that the non- | ead portions of the contact surface
of each of said pair of electrode plates cone to be bonded to a respective
contact surface of said section of PTC conposition, whereby a PTC

thermstor is manufactured for which at | east one | ead portion of at
one of said electrode plates is caused to extend beyond '
conposi tion.
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PIC Themmistor And Manufacturing Method For The Same

ABSTRACT OF THE DISCLOSURE

PTC ( positive temperature coefficient ) thermistors of a novel
configuration and a method for their manufacture are disclosed. The
disclosed PTC thermistors have a PTC element (201) sandwiched
between two electrodes (202, 203) for which leads (204, 205) are
formed as an extension of each of the two electrodes protruding
beyond the edge of the PTC element. Several. methods- for
manufacturing this kind of PTC thermistor are described, whereby
undue thermal and physical stress to the PTC composition are
avoided. Additionally, by means of the described manufacturing
methods, PTC thermistors having a variety of shapes and
configurations can be fabricated.

Fig 2.



