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~ CHIP PTC THERMISTOR
AND METHOD FOR MANUFACTURING THE SAME

TECHNICAL FIELD , |
The present invention relates to the chip PTC thermistor which uses a

conductive polymer having a pdsitivé temperature coefficient (hereinafter

- referred to as "PTC"), and methodé for manufacturing the same.

BACKGROUND ART _

PTC thermistors have been used as the components to protect a device
against an overcurrent. Exposure t_o.an' overcurrent in an electric circuit
causes the conductive polymer having the PTC ch'éré'cteﬁstics used in a PTC
thermistor 1';6 heat up and expand by self heating. The thermal expansion
increases resistance of the conductive polymer sheet in the PTC .thermisto‘r,
and thus reduces the current to a safer level.

| - A conventional chip PTC thermistor is described below.
| One known chip PTC thermistor is disclosed in thé Japanese Laid-
open Patent No. H9-503097. The chip PTC thermistor is formed of a |
resistive material having the PTC characteristics, the chip thermistor having

a first surface and a second surface. The chip thermistor comprises a PTC

resistor element that specifies a space between the first surface and the

second surface , a lateral conductive member provided within said space .

through the first surface and the second surface of PTC element, which
conductive member being fixed to said PTC element, and a first layered
conductive member connected physically and electrically to ‘the lateral

conductive member. FIG. 14A shows a cross sectional view of the conventional

| chip PTC thermistor, FIG. 14B is the plan view. In FIG:.s 14A .and. B, a

resistor body 61 is formed of a conductive polymer having the PTC
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'charac.terist_ic.s, electrodes 62a; 62b, 62c, 62d are formed of a metal foil,

conductive members 64a, 64b are formed inside the dpenings 63a, 63b by
plating, and electrically couple the electrode 62a with 62d, and the electrode
62b with 62c respectively.

A method for manufacturing the conventional chip PTC thermistor is

. _describéd below. FIGs. 15A-15D, and FIGs. 16A-16C illustrate the process

. steps for manufacturing the conventional chip PT'C the_rmistor.

Polyethylene and conductive carbon part1cles are mixed to form a
sheet 71 shown in FIG. 15A. The sheet 71 is sandw1ched by two sheets of a
metal foil 72, as shown in FIG. 15B, and these are heat pressed together to be
integrated into a sheet 73 as shown in FIG. 15C. After undergoing electron
beam irradiation , the:integrated sheet 73 is provided with through holes 74in -
a regulai' pattern arrangement as shown in FIG. 15D, and theﬁ a mefal film -
75 is _forméd by platiﬁg to cover the inner surface of the through hole 74 and
the_metal foil 72, as showﬁ in FIG. 16A. Then; as shown in. FIG. 16B, an
etched slit 76 is formed in the metal fbil through a photo-lithographic process.

- And then, it is cut off along a longitudinal cut line 77 ahd a lateral cut line 78

to be separated into piece ch1ps to obtain the conventional chip PTC
therm1stor 79 as shown in FIG. 16C.

“In the conventional chip PTC therm1stor of the above conﬁguratlon,
however , the two electrodes 62a and 62b, or 62c and 62d, which are to be
connected with a pi'inted .circuit board when the éhip thermistors are mounted
thereon, are disposed on only one surface of the éh‘ip thermistor (ref. FIG.
14(a)). As a result, when the chip thermistofs are moﬁnted on a printed circuit

board and reflow-soldered, solder fillets formed by the soldering are not visible

from -the above because they are shadowed by the chip thermistors.

Therefore, it is difficult to make sure of the state of soldering by visually
inspecting the soldered pbrtion. Furthermore, because the electrodes of the
chip thermistors are not disposed at their sides, flow soldering process is not

applicable.
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Furthermore, in the above described conventional manufacturing
method, dislocation of the cut lines in relation to the location of through hole

is not avoidable because of dispersions in the accuracy of the sheet aligning

" and the cutting operations. This readily leads to a variation in the area of

coupling betwe_en the conductive member formed within the through hole and

the top/bottom electrodes. FIG. 17A shows a state where no dislocation exists

between the through hole and the cut line, while FIG. 17B shows a state

| - where there is a dislocation. In FIGs. 17A and 17B, numeral 81 denotes a

throug_h hole, 82 is a cut line, 83 is an electrode, 84 is an etched slit. In a case
where a part of one through hole 81 , among the through holes locating at both
sides of a cut line, is cut as a re_s_ult of the above described dislocation, as
shown in FIG. 17B, area af, a confaict section_ 85 making confact between the
conductive member disposed within the through. -holé and the top/bottom -

electrodes becomes smaller, as compared with a case where there is no such

dislocation. The case caused by a dislocated cut line is illustrated in FIG. 17C.

A problem w1th the reduced contact area between the conductive member and
the top/bottom electrod_eé is that the junction between the conductive member
and the top/bottom electrodes easily gets cracks due to a stress caused thereon
by repetitive expansion and shrinkage of the conductive polymer.

The present ir_1vention addresses the above problems and aims to
provide a chip PTC thermistor , as well as a.method- of manufacturing the
same, with which the soldered portion can be inspected easily.visually after
the chip thermistors are mounted on a printed circuit board, and the chij; PTC
thermistor can _.be.' soldered by flow soldering; furfhermore, .the coupling
between the conductive member ‘and the ‘electrodes has only a small

dispersion in the strength of connection against the stress that will be caused

as a result of expansion and shrinkage of the conductive polymer.

" DISCLOSURE OF THE INVENTION

A chip PTC thermistor of the present invention compi'ises:

~
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A cuboidal form conductive polymer having the PTC characf.eristics;

a first main electrode disposed on a first surface of the conductive
polymer; | | |

a first sub electrode disposed on t‘he‘ sanié surface as the main-
electrode, yet being independent from the first main electrode;

a second main electrode disposed on a second surface ‘opposing to the
first surface of the conductive polymer; |

a second sub electrode disposed on the same surface as the second

' main electrode, yet being independent from the second main electrode;

a first side electrode dispdsed covering at least the entire surface of
one of side surfaces of the conductive polymer, which side electrode being
electrically connected with the first main electrode and the second sub
electrode; and _ _

a second side eléctrode disposed covering at least the entire surface of
the other side surface -opposing to the one side surface .of the conducfive
polymer, which side electrode being electrically connected with the first sub
electrode and f.he second main electrode.

Ih a method for manufacturing the chip PTC thermistors of the
present invention , a conductive pblymer having the PTC chata‘cteri‘sticé is.
sandwiched from the top and the bottom by a patterned metal foil and these
are integrated by heat pressing into a sheet form, the integrated sheet is |
providéd with openings, the integrated sheet having the openings' is coated on
the top and the bottom surfaces with a protective 'cbating, a side electrode is
formed at the side of the sheet having the protective'coating and the openings,
and the_ sheet provided with the side electrodes and the openings is divided .
into pieces. | | |

With the chip PTC thermistors as configured above, solder fillet can be

formed at the side of thermistor chips mounted on a printed circuit board

because the side electrode is provided covering at least the entire side surface

of the two side surfaces of the conductive _polymef. Thus the chip PTC
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thermistors provides an advantage that the state of soldering of the soldered
portions can be confirmed easily by visual inspecting after the chip
thermistors are mounted. on a printed circuit board. _Further advantage of the
chip PTC thermistor is that they can be usedin a ﬂew. soideringprocess.

In a method for manufacturing the chip PTC thermistors , where the
conductive polymer having the PTC characteristics and the patterned metal

foils are heat-pressed to be integrated into a sheet form and the sheet is

'provided with openings and then the side electrode is formed thereon by

" plating or other means, shape of the end surfaces of the openings does not

vary even if there was a slight displacement in the loeatior_; of opening relative
to the pattern of metal foil due to a tolerance in the aeeurecy during the
process for forming the openings; the shape remains straight lined.

" Therefore , the side electrode formed on the end face by plating, or the
like method, always have a certain stable junction area'with the first and the

second mam electrodes; so, the strength of coupling at the junction area

' between the side electrode and the first or the second main electrode agdinst

stress due to the expansmn and shrinkage of -conductly.e polymer will have

only small dispersion. .

BRIEF DESCRIPTION OF THE DRAWINGS | |
FIG. 1Ais a perspective view of a chip PTC thermietor in accordance
with a first exemplary embodiment of the present invention.
| FIG. 1B is a sectional ﬁew of the chip PTC thermistor along the line
200 - 200 of FIG. 1A. '
FIG. 1C is a sectional view of the chip PTC thermistor being mounted
on a pnnted circuit board

FIGs. 2A -2C illustrate a process for maanecturing the chip PTC

thermistor of embodiment 1.

FIGs. 3(a) - (e) ﬂlustrate a process for manufactunng the ch1p PTC -

thermistor of embodlment 1.
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FIGs. 4A and B show examples of a strip form and a comb shape.
FIG. 5 1s a._-sectlonal view of a chip PTC thermistor in accordance with
a second exemplary embod1ment of the present invention.

FIGs. 6A -6C illustrate a process for manufacturmg the chip PTC

thermistor of embodiment 2.

FIG. 7 illustrates a process for mamlfacturing the chip PTC
thermistor of embodiment 2. | |

FIG 8 is a sectional view of a chip PTC thermistor in accordance with
a third exemplary embodiment of the present invention. |

FIGs 9A -9D illustrate a process for manufacturmg the chlp PTC
thermistor of embodiment 3.

 FIGs. 10A and 10B illustrate a process for manufacturing the ehip '

PTC thermistor of embodiment 3

FIG 11 is a sectional view of a chip PTC thermlstor in accordance with
a fourth exemplary embodiment of the present mventmn

FIGs. 12A -12C illustrate a process for manufacturing the chip PTC
thermistor of embo.diment' 4,

FIGs. 13A-13C Jllustrate a process for manufacturmg the ch1p PTC

. thermistor of embod1ment 4.

'FIG. 14(a) is a sectional view of a prior art chip PTC therm1stor

FIG. 14(b) is a plan view of the prior art chip PTC thermistor.

FIGs. 15A-15D illustrate a process for manufacturing the
conventional chip PTC thermistor. o .

FIGs. 16A-16C illustrate a process for. manufacturing the prior art
chip PTC thermistor.

FIGs. 17A-17C illustrate l;)eation of the through holes relative to cut
line, in the prior art chip PTC thermistor. |

BEST MODE FOR CARRYING OUT THE INVENTION
(Embodlment 1)
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A chiﬁ PTC thermistor in a first exemplary embodiment of the present
invention is descnbed with reference to the drawings.

FIG. 1A is a perspective view of the chip PTC thermistor in the first
exemplary embodiment of the present mv_entmn. FIG. 1B is a sectional view
taken along the line A- A of FIG. 1. |

In FIGs. 1A and 1B, a cuboidal form conductive polymer 11 having the
PTC‘ characteristics is made of a mixed compound of high density polyethylene,
i.e. a crystalline polymer, and carbon black, i.e. conductive particles.

First main electrode 12a is disposed on a first surface of the conductive

- polymer 11. First sub electrode 12b is disposed on the same surface as the

first main electrode 12a, yet being independent from the first main electrode
12a.

Second main electrode 12c is disposed on a second surface, which is
opposing to the first surface, of the conductive polymer 11. - Second sub
electrode 124 is disposed on the same surface as the second main electro_de 12c,
yet being independeht from the second main electrode 12c.

Each of these main and sub electrodes is made of electrolytic copper
foil.

First side electrode 13a is formed of a plated nickel covering the entire
surface of one of the side ends of the conductive polymer 11, and is electrically
connected with the first main electrode 12a and the second sub electrode 12d.

 Second side electrode 13b is formed of a plated nickel coveriﬁg the
entire surface of the other side end opposing to the first side electrode 13a of
the conductive polymer 11, and is electrically connected with the second maiﬂ
electrode 12¢ and the first sub electrede 12b. _

First and second protective layers 14a , 14b are formed of an epoxy-
modified acrylic resin. | '

‘When a side electrode is 'fo_rmed by plating , since adhesion between
the conductive polymer and a plated layer is not eufﬁeiently strong, the side

electrode is liable to peel off from the conductive polymer. So, the sub
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electrode , together with the main electrode, are expected to function as the
supporting body for the plated side electrode, for ensuring a good adhesion of
the side electrode onto the conductive polymer. |

Next, a nﬁethod for manufacturing a chip PTC thermistor in a first

exemplary embodiment as configured above is described with reference to the

drawings. _ _
FIGs. 2A-2C and FIGs. 3(a) - () illustrate process of a method of
manufacturing the chip PTC thermistors in accordance with embodiment 1.

In the first place , 49 wt% of high density pt;lyethylene of 70-90%

crystallinity, 50 wt.% of furnace black having average pérticle diameter of 58

nm and specific surface area of 38 m?/g , and 1 wt.% of antioxidant are mixed
and kheeded for about 20 minutes using two roll mills heated about 150°C, to

fabricate a conductive polymer sheet 21 of about 0.3 mm thick, as shown in

'FIG. 2A.

Then; as shown in FIG. 2B, an electrolytic copper foil is patterned to
have comb shape slits using a die press to provide electrode 22. A Slit 26 is -
made for forming a gap between a main electrode and a sub electrode after a

sheet is divided into pieces in a later process step. A slit 27 is provided for

‘reducing cut area of the electrolytic copper foil in the process of dividing a

sheet into pieces. . _

The slit 27 contributes to eliminate generation of burr of the
electrolytic copper foil at thé dividing process step, as well as to eliminate
exposure of the cut face of the electrolytic copper foil in the side surface of a
divided chip PTC thermistor. The exposure of cut face may invite oxidation of
the electrolytic copper foil, and short-circuiting by solder when the chii) PTC
thermistor is mounted on a printed circuit board. |

And , then, as shown in FIG. 2C and FIG. 3(5.) , the_ conductive
polymer sheet 21 is sandwiched from the top and the bbttom by the electrode
22, and these are heat pressed at about '175°C, in a vacuum of about 20 torr,

and under the pressure of about 50 kg/cm? for about 1 minute using a vacuum
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heat press to make an integrated sheet '2,3."I"hen, an about 40 Mrad electron

beam is irrédiat’ed to the sheet in an electron beam irradiation équipment to
crosslink the high density polyethylene. |

As shown in FIG. 3(b), oblong openings 24 (slits) are provided at a
regular interval so that a space correspondihg to the length of a certain chip -
PTC thermistor is left pfeserved, lising a die press or a dicing machine.

| Process of providing the opening may either be the formation of strips

or the formation into a comb shape, as shown in FIGs. 4A- and 4B.

Protective coating 25 is formed ., as shown in FIG. 3(c) , on the top and

the bottom surfaces of the sheet 23 having the openings 24, except the area at

the vicinity of the openings 24, by screen printing an acrylic, or an epoxy-

modified acrylic UV curing resin, followe_d by a curing in an uv curing oven.

Then , as shown in FIG. 3(d) , 10 - 20 pm thick nickel film 28 is p'l'ated.
on the sheet 23 in an area on which there is no protective coating 25, inclﬁding
the inner wall surface of the .opening 24, in the Watts nickel bath for about 30
minutes at a current density of about 4A/dm?. | ._

The éhéet 23 is divided into pieces by a die press or a dicing machine
to obtain a chip PTC thermistor 29 of the present iri_Vention as shown in FIG.
3(e). The chip PTC thermistors of the same configuration may be obtained also
b-y- first integrating unpatterned metal foil with co'ndqct.iv'e polymer sheet
through heat-pressing and then patterning the metal foil using the photo-

. lithography and etching process.

~ Now in the following, embodiment 1 of the present invention is
described further in detail with respect to the structure.

After chip-type electronic components are mounted on a printed

circuit board by reﬂow soldering , it is a common practice to inspect the

soldered portion visually; since uneven printing of cream solder or an

insufficient solder quantity invites a poor contact, or deteriorates the
reliability of solder during the heat cycles.
‘With the chip PTC thermistors of the present invention, the solder
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fillet is formed at the side of chip. thermistors soldered on a printed circuit
board; namely, the solder fillet is positioned outside of a chip thermistor. .
Therefore, the soldered portion can be 'eas'ily inspected.

. FIG. 1C is a sectional view of the chip PTC thermistor beiﬁg mounted_.
on a printed circuit board. - Numeralé 16a, 16b denote fhe lands of the printed
circuit boar.d. As indicated- with an arrt;w mark in FIG. 1C, the fillets 15a, 15b

- can easily be observed from the above.

_ Further, it has been confirmed that. the chip PTC thermistors of the
present invention can be used in the flow soldering procéss,

In general, the adhesion between the plated film forming the side
electrode and the conductive polymer is weak. In embodiment 1 of the present
invention, deever, the plated film is supported by the main electrode and the
sub electrode formed respectively on the top and bottom surfaces of the
conductive polymer. Thus the side electrode, which hé.s been formed by plating,
is well secured with respect to adhesion to the conductive polymer. The above

described structure of the present invention is effective enough to avoid

-peeling of the side electrode off the conductive polymer.

In the prior art manufacturing method, a cut line dislocated relative to

‘the location of through hole may result in a reduced area of coupling between

the conducto.t_' within the through hole and the top/bottom electrodes.
However, in the manufacturing method of embodiment 1, where a
conductive polymer having the PTC characteristics and metal foils are

integrated into a sheet form by heat-pi‘essing_ and the sheet is provided with

~openings and then a conductive film is formed therein by plating , the area of

coupling between the plated film and the top/bottom - electrodes remains

unchanged and constant despite a possible dislocation. Namely, the strength

of coupling between the plated film and the top/bottom electrodes is not

reduced; and cracks will not be generated at the coupling portion by the stress
due to repetitive expansion and shrinkage of the conductive polymer.

Furthermore, in the present process of embodiment 1, only the cutting
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in lateral direction completes the dividing into chip 'thermistor pieces; there is
no need of longitudinal cutting operation for the dividing.

In the prior art man‘ufactui'ing method, where plated layer is formed

- within through holes provided by_drilﬁﬁg or other method, number of the

through holes to be drilled is at least more than number of chip thermistor
pieces yielded out of a sheet. Thus it needs a long time to drill all the through
holes. In addition, the heat ‘generated due to friction during drilling causes

melting' of the conductive‘,polyrri‘er, which .1'*'esu1ts in a rough wall surface of the

through holes; consequently, a layer plated thereon becomes uneven.

Under the manufacturing method in accordance with embodiment 1,
however, the openings are provided at once m a strip shape using a die press,
aicin'g machine, etc: This contributes to a higher productivity. Furthermore,
since there is no melting in the éonductive polymer, the wall surfaces of the
openings are relativelj smooth; which contributes to providé a plated layer of
even thickness. -

Furthermore, in the conventional mahufacturi_ng method, plating

" solution can not circulate well inside the- through holes, and concent_ration of

‘metal ions 1n the plating liquid becomes unsfab_le; this disturbs formation of a

plated layer in even thickness. If a plated layer is formed in uneven thickness,

the concentration of stress due to repetitive expansion and shrinkage of the

" conductive polymer responding to overcurrent in a chip thermistor at work

" will lead to a breakage of the plated layer.

Under the manufacturing method in embodiment 1, however; the
portion on which a plated layer is to be formed is expost to an open space,
and plating soluﬁon can circulate freely; therefore the concentration of métal
ion can be maintained stable. This contributes to formation of a layer in even
thickness. |

' Sti_]l further, in the conventional manﬁfactu'ring method, foreigh items
contained in the plating solution may sneak into_ the through holes, or burr, if

the thfough hole h_as_been provided by drilling, may easily catch such foreign
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items. This may'createl a void in the plating film.

However, under the manufacturing _method in em_bodiment 1,. the
portion on which the side electrode is to be formed_is exposed to a sufﬁciently
open space, so such foreign items, if any, contained in plating solution may not

be staying on the portion. The side electrodes of the present invention are

. disposed open to the outside and is easily inspected from outside. The plating

current is sufficiently lower than a level for the conductive polymer to start its
PTC operation, so the conductive polymer will never be put into operation.

Furthermore, in the manufacturing method of embodiment 1, an

“integrated sheet provided with the openings is plated for formation of the side

electrodes, and then the sheet is divided into pieces. Therefore other two side
faces of the thermistor than the two side surfaces on which the side electrode
has been formed can not have a plated layer. In other manufacturmg methods,
where, for example, completed chips are barrel-platéd after the d1v1_d1ng

process step, the conductive polymer, which having a conductive side face, will

have a chance to be plated in all of the four side-faCes._ This of course leads to

short circuiti'ng between the first ‘main electrode and the second main
electrode.
(Embodiment 2) | |

A chip PTC thermistor in a second exemplary embodiment of the

present invention is described with referring to the drawings.

FIG. 5 is a sectlonal view of the chip PTC therm1stor of the second
exemplary embodiment.
In FIG. 5, a cuboidal form conductlve polymer 41 having the PTC

characterlstlcs is made of a. mixed compound of high density polyethylene i.e.

. a crystalline polymer, and carbon black, Le. _conductlve particles.

First main electrode 42a is disposed on a first surface of the conductive

polymer 41. F1rst sub electrode 42b is disposed on the same surface as the first

- main electrode 42a, yet belng 1ndependent from the first main electrode 42a.

Second main electrode 42c¢ is disposed on a second surface, wh1ch is opposmg
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to the first surface of the conductive polymer 41. Second sub electrode 42d is
disposed on the same surface as thé second main eléctrode 42c, yet being
independeht from the second main.electrode 42c.

Each of these main and sub electrodes is made of electrolytic copper
foil. | | |

First side electrode 43a is formed by nicke1 plating covering the entire
surface of one of the side ends of the conductive polymer 41, and is electrically
connected with the first main electrode 42a and the second main electrode
42c. |

Second side electrode 43b is formed by nickel plating covering the
entire surface of the othei side end opposing to the first side electrode 43a of
the cohduétive polymer 41, and is electﬁcally connected with the first sub
electrode 42b and the second sub electrode 42d.

Iﬁrst and second protective coating layers 44a, 44b are made. of an
eﬁo’xy—mod.iﬁed acrylic resin. |

Inner main electrode 45a is disposed within the conductive polymer 41',
in parallel with the first main electrode 42a and the second main electrode 42c,

and is electrically connected with the second side electrode 43b. Inner sub

" electrode 45b is disposed é._t_ the same plahe as the inner main electrode 45a,

yet being independent from said inner main électr_ode 45a, and is electrically
connected with the first side 'électrode 43a. : .

A method for manufacturing the chip PTC thermistors in a second

exemplary embodiment is described next with reference to the drawings.

FIGs. 6A-6C and FIG. 7 illustrate process of a method of
manufacturing the chip PTC thermiStors in embodiment 2 of the present
invention. In the same way as in embodiment 1, a conductive polymer sheet
51 as shown in FIG. 6A, is provided, and ‘an electrolytic_ éopper foil is
patterned by die press to provide electrode 52 as shown in FIG. 6B.

Thickness of the electrolytic coppei' foil for forming the inner eiectrode

should be not less than 35 um, preferably thicker than 70 um, so as it is not
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. broken by expansion of the conductive polymer during formation of a

laminated body, to be described later, by heat pressing. '
Next, as shown in FIG. 6C, the conductive polymer 51 and the
electrode 52 are alternately stacked to be integrated into a sheet 53 of FIG. 7

| by heat pressmg The three sheets of electrode 52, shown in FIG. 6C, may

have a same pattern, wh1ch means that these sheets may be provided using
only one die pattern. This is an economical advantage.

Thereafter, the same manufacturing process steps as the embodiment
1 have been followed to provide the chip PTC thermistor in embodiment 2 (_)f
the present invention. . |

A laminated body may also be formed using -unpatterned metal foils -

for the outermost layers, while other foils are those patterned by die pressing, .

and integrating these metal foils and conductive polymer togeth__er by heat
pressing, and then patterning the oﬁtermost metal foils using the
photolithography and etching process. A chip PTC thermistor of the same
conﬁgutation' may be produced out of the laminated body _1;hus produced, by
following the same process steps as those in embodixhent 1.

| In the PTC thermistor ehii)s of embodiment 2, the overlapping area of
opposing electrodes has been increased by alternately laminafing the layers of
conductive polymer and metal foil, without 'inaking the overall dimensions of
the thermistor greater. This configuration enables to lower the internal
resistance of a chip thermistor; as a result, a chip PTC thermistor thet allows
a greater current in a compact body is obtained. .

In a practlcal example' a chip PTC thermlstor of single layered
conductlve polymer, dimensions 3.2 mm x 4.5 mm, has an overlapping area
between the first and the second main electrodes (area of the opposmg
electrodes) of 9 mm?, resistance of approximately 150 m0; whereas that of the
double layered exhibited a low resistance of approxi_mately 80 mO with the

area of opposing electrodes 18 mm? while maintaining the same plane

'dimensions of 3.2 mm x 4.5 mm. In the following, more exemplary
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embodiment of the present illventioﬁ is described, in which the resistance is
further reduced. | |
(Embodiment 3)
FIG. 8 illustrates a sect1onal view of a chip PTC therm1stor in a third
exemplary embodiment of the present invention.

In FIG. 8, a cuboidal form conductive polymer 1 having the PTC

__ charactenstms is made of a mixed compound of high density polyethylene ie.

a crystalline polymer, and carbon black ie. conductwe part1cles

First main electrode 2a is disposed on a first surface of the conductive
polymer 1. First sub electrode 2b is dispesed'on the same surface as the first
main electrode 2a, yet being independent from the ﬁi‘st main electrode 2a.

_ Second main electrode 2¢c is dispesed on a second surface, which is
opposing to the ﬁrst surface, of the conductive polymer 1. Second sub electrode |
2d is disposed on the same surface as the second main electrode 2c, yet being
independent from the second main electrode 2c.

- Each of these main and sub electrodes is mede of electrolytic copper

foil. . |

First side electrode 3a is formed by nickel plating covering the entire
surface of one of the side ends of the conductive polymer 1, and is electrically
connected with the first main electrode 2a and the second sub electrode 2d.

Second side electrode 3b is formed by nickel plating covering the
entire surface of the other side end opposing to the first side electrode 3a of
the conductive polymer 1, and is electrically connected Wit_:h the first sub
electrode 2b and the secend main electrode 2c. |

First and second protective coatmg layers 4a, 4b are made of an
epoxy-mod1ﬁed acryhc resin. '

First inner main electrode 5a is d.1sposed w1th1n the conductive
polymer 1, in parallel with the first main electrode 2a and the second main
electrode 2¢, and is electrically connected with the_' second side electl'ode 3b.

First inner sub electrode 5b is disposed at the same plane as the first inner
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main electrode 5a, yet being independent -fro_m the first inner main electrode
ba, and is electrically connected with the first side electrode 3a.

Second inner main electrode 5¢ is disposed within the conductive
polymer 1, in parallel with the .ﬁrst main electrode 2a and the second main
electrode 2c¢, and is electrically connected with the 'ﬁ_r_st_side electrode 3a.
Second inner sub electrode 5d is disposed at the same plane as the second

inner main electrode 5c¢, yet being independent from the second inner main

- electrode 5c¢, and is electrica]ly connected with the second side electrode 3b.

In the chip PTC thermlstor conﬁgured as above , where the

conductive polymer 1 of 3.2 mm x 4.5 mm size has been stacked in three layers

‘and the resistances between the first main electrode' 2a and the first inner

main electrode 5a, that between the first inner main electrode 5a and the
second inner main electrode 5c and that between the second inner mam
electrode 5¢ and the second main electrode 2c have been connected in parallel
the overlappmg area of opposmg electrodes reached 27 mm? in real terms and
the resistance has been reduced to as low as approx1mate1y 50 m0O. Thus a
extremely low resistance chip PTC thermistor was ‘obtained.

A method for manufacturing the chipPTC thermistors in .a third
exemplary embodiment is described next with reference to the drawings.

FIGs. 9A-9D and FIGs. 10A and 10B illustrater a method of
manufacturing the chip thermistors having three conductive polymer layers.

In the same way as in embodiment 1, a condnctive polymer sheet 31,
shown in FIG. 9A, is provided. An electrolytic copper foil is patterned by die
press to proiride electrode 32 as shown in FIG. 9B. Like in the case of the chip
thermistor having two' conductive polymer layers , thickness of the electrolytic

copper foil for the inner electrode should be not less than 35 pm, preferably

thicker than 70 pm, so as it is not broken by expansion of the conductive

' pol_ymer during _forméti_on of a laminated body by heat pressing.

Next, as shown in FIGs. 9C and 9D, the conductive polymer sheet 3_1 is
sandwiched by two electrodes 32 to be integrated into a first sheet 33, shown
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in FIG. 9D, by heat pressing. And, then, as shown in FIG. 10A , two conductive |
polymer sheets 31 and two electrodes 32 are stacked on both surfaces of the

first sheet 33, so that respective electrodes 32 are placed on the outefmost_ -
surface, which are to be integrated into a second sheet 34 of FIG. 10B by heat -
pressing.

Thereafter, the same manufacturing process steps as in embodiment

"1 are followed to obtain the chip PTC thermistors having three conductive

polymer layers.

The reason why' the heat-pressing operation has been conducted

-separately in two steps is for avoiding unevenness in the thickness of:

conductive polymer sheefs. If the_ heat-pressing is conducted in one step- for -
integrating‘a.ll the layers together, the low heat transﬁlittance to the inner
polymer sheet creates uneven temperature distribution between the inner
polymer sheet and fhe outer polyme'r_ sheéts,'whic}i results in the formation of
conductive polymer sheets of uneven thickness.

Also in the present embodiment , a lJaminated body may be formed
using unpatterned nietal foils for-th_e outermost layers, while other foils are
those patterned by die pressing, integiating these metal _-foils and conductive
polymer sheets together by heat pressing, and then patterning the outermost
metal foils using the photolithography and etching i)rocess.

A chip PTC thermistor of the same configuration may be produced ot

of the laminated body thus produced, by following the same process steps as

those in embodimentll. | _ _

A chip PTC thermistor containing the five or more odd number layers
of the conductive polymer is obtainable, by repeating the cycle of stacking and
heat-pressing of additional conductive polymer sheet _arid additional patterned
eiectrode on the outer surfaces of the second sheet. Also in this example, the
outermost layérs may be formed of unpatterned metal foils, and patterning
the foils in a later stage by etching. -

(Embodiment 4)
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'FIG. 11 is a sectional view of a chip PTC thermistor in a fourth

exemplary embodiment of the present invention.

In FIG. 11, a cuboidal form conductive polymer 91 ha_vi_ﬂg the PTC
characteristics is made of a mixed compourld of high density polyethylene, i.e.
a'crystalline polymer, and carbon black, i.e. conductive particles.

First main electrode 92a is formed on a first surface of the conductlve'
polymer 91. First sub electrode 92b is disposed on the same surface as the first :
main electrode 92a, yet be1ng independent from said first main electrode 92a.

Second _main electrode 92c is formed on a second 'surface, which is
opposing to the first surface of the conductive polymer 91. Second sub

electrode 92d is disposed on the same surface as the second main electrode 92o,

: yet being indepehdent from the second main electrode 92c.

Each of these mam and sub'elect_r.odes is made of electrolytic copper
foil. | | | _ _ |

First side electrode 93a is formed by nickel plating covermg the ent1re
surface of one of the side ends of the conductive polymer 91, and is electncally
connected with the first main electrode 92a and the second main electrode
92c. _

Second side electrode 93b is formed by nickel plating covering the
entire surface of the other side end opposing to the first side electrode 93a of

the conductive polymer 91, and is electrically connected with the first sub

~ electrode 92b and the second sub electrode 92d. First and second protectwe

coating layers 94a, 94b are made of an epoxy-modified acrylic resin.

_ First inner main electrode 95a is disposed within the conductive |
polymer 91, in.parallel with the first main electrode 92;1- and the second main
electrode 92c¢, and is electrically conneoted with the second side electrode 93b.
First inner sub electrode 95b is disposed at the same plane as the first inner
main electrode 95a, jret being independent from the first inner main electrode
95a, and is electrically conneoted with the first side electrode 93a.

Second inner main electrode 95¢ is disposed within the conductive
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polymer 91, in pafallel with the first main elecf_rodé 92a and the second main
electrode 92¢, and is electrically connected with the first side electrode 93a.
Second inner sub electrode 954 is disposed at the same plane as the second
inner main electrode 95¢, yet being independent from.the second inner main
electrode 95¢c, and is electrically connected with the second side electrode 93b.

Third inner main electrode 95e is dispoéed within the conductive

‘polymer .91, in parallel with the first main electrode 92a and the second main

electrode 92¢, and is electrically connected with the second side electrode 93b.

Third inner sub electrode 95f is disposed at the same plane as the third inner

" main electrode 95e, yet being independent from the third inner main electrode

95e, and is electrical_ly connected with the first side electrode 93a. _

A method of manufacturing the chip PTC thermistor in a fourth
exempléry embodiment is described next with feference to the drawings.

FIGs. 124-12C and FIGs. 13A-13C illustrate a method of
manufacturing the chip thermistor having four conductive polymer layers.

In the same way as in embodiment 1, a conductive polymer sheet 101,
shown in FIG. 124, is provided. An electrolytic copper foil is pﬁtterned by die
press to provide electrode 102 as shown in FIG . 12B. Like in the case of the
chip thermistor having two conduct_i\ie polymer layers , thickness of the
electrolytic copper foil for the inner electrode should be not less than 85 pm,
preferably thicker than 70 um, so és it is not broken b'y expansion of the
conductive polymer during formation of a laminated body by heat pressing.

Next, as shown in FIG 12C, three sheets of the e‘lectrode 102 énd two
sheets of the conductive polymer sheet 101 are stacked alternately to be
integrated by heat pressing into a first sheet 103, shown in FIG. 13(a), with
the electrode 102 on the outerxﬁost surface. - .

And then , as shown in FIG. 13B, the first sheet 108 is sandwiched
from the top and the bottom by two conductive polymer sheets 101 and two
electrodes 102, so that respective eiectrodes 102 are placed on the outermost

surface, which are heat pressed to be integrated into a second sheet 104 of FIG.
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Thereafter, the same manufacturing process steps as in embodiment 1
are followed to obtain the chip 'i’TC thermistor having fbur conductive
polymer layers. Also in thé- present embodiment , a laminated bddy may be
formed using unpatterned metal foils for the outefmost layers, while other
foils are those patterned by die pressing, integrating these metal foils and
conductive polymer sheets togéfher by heat pressin_g, and then patterning the
outermost metal foils using the photolithography and etching process. Chip
PTC thermistor of -the. same configuration may be obtained out of the
laminated body thus produced, by following the same process steps as tho-se of
embodiment 1. .

A chip PTC thermistor containing the six or more even number
conductive polymer layers is obtainable, by repeating the cycle of stacking and
heat-pressing_ of additional conductive polymer sheet and additional patterned
electrode on the outer surfaces of the second sheet. Also in this embodiment,
the outermost layers may be formed of unpatterned metal foils, and
patterning the foils in a later stage by etching.

Number of layers of the conductive polymer may be increased through
the. process.es' as described above. However, the Stréés due to repetitive
expansion and shrinkage of the conductive polymer caused by exposure 'tb an
overcurrent also adds up along with the increasing number of layers. So, it is
important to address the problém of réliabi]ity of the coupling between the
side electrodes and the main electrodes. :

In the chip thermistor in accordance with exemplary erﬁbodimenfs of
the present invention, however, side electrodes aie_ provided covering the
entire surface of the side end. With such a stfucture of the present invention,
the stress is well disbersed and the reliability in the coupling is sufﬁcielitly
ass_uréd deépite the increased number of layers stacked.

- Also, the inner sub eleétrode is effective to prevent increase of the

amount of exp__ansion of the conductive polymer sheet, because it prevents to



%

10

15

20

25

30

21

increase the total thickness of the conductive polymer sheet at the vicinity of |

side electrode.

Thus the stress caused by the expansion and shrinkage of the
conductive pol&mef sheet effecting to the side electrode can be alleviated, and
the reliability is further improved. o |

The use of nickel, as exhibited in the present invention, for the side

electrode has ‘been verified to be more effective for improving the above

reliability, as compared with side electrode of copper, copper alloy, etc.
As for comparing, the chip thermistor having side electrode formed of

nickel plated layer in accordance with the manufacturing method of

. embediment 1 of the present invention was prepared. And those having

~copper plated side electrodes have been prepared under the following

conditions. - ) _

_ A 20 um thick copper layer is formed by plating on the side surface ofa
strip-'shapedl sheet provided through the process of embddimeiit 1 in the
copper sulfate plating bath for about '_60 minutes at a-current density of about
1.5 A/dm?, and then the strip-shaped sheet was diirided-into pieces.

In order to confirm the reliability of the side electrodes against heat

cycle, 30 pieces each of the chip PTC thermistor wi_th the side electrodes of

nickel pl'eted layer and those with the side eleétrode_s.of copper plated layer
were soldered on printed circuit board for cycle test. |

In the test, a 12V .DC power was conriected, and an overcurrent of 40
A was supplied for operating (trip) the conductive polymer; the current supply
continued for one minute, and then stopped for 5 minutes. After 100 cycles, -

200 cycles, and 1,000 cycles of the trip cycle test, 10 pieces were sampled froin_

‘each type, and observed by cross-sectional observatiori_ for the presence of any

cracks in the side electrode layer. No cracks were observed after the 1,000 .I
cycles among samples hairing ‘the side electrode layers formed by nickel
Iilating.' However, in all the 10 samples among 10 of the thermistor hé.ving

copper side electrode layer, cracks were found at the junction corner between
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With the PTC thermistor chips in exemplary embodiment 1 of the

. present invention , which comprises a cuboidal form conductive polymer 11

having the PTC characteristics, a first main electrode 12a disposed on a first
surface of the conductive polymer 11, a first sub electrode 12b disposed on the
same surface as the first main electrode 12a, yet being independent from the
ﬁret main electrode 12a, a second main electrode 12¢ dispoeed on a second
surface, which is opposing to the first surface of the conductive polymer 11, a.
second sub electrode 12d disposed on the same surface as the second main
eleetrode 12¢, yet being independent from the second main electrode 12¢, a
first side electrode 13a covering at least the entire surface of one of the side
ends of the conductive polymer 11, which side electrode being eleetrically
connected With.the first mein electro.de 12a and the second sub electrode 12d,
and a second side electrode 13b covering at least the entire surface of the
other side end opposing to the first side eleetrode 13a of the .co:nductix_r.e
polymer 11, which side electrode being electrically connected with the first sub

electrode 12b and the second main electrode 12c¢; the'.solder.ﬁllet is formed at

~ the sides of a chip thermistor mounted on a printed circuit board because the

side electrodes 13a, 13b have been p:_rovjded- covering a_t 1east the entire
surface of two side end surfaces of the conductive polymer 11. As a result, the
soldered portione can be easily. inspected visually. Furthermore, the chip
thermistor of the present invention can be used in the flow soldering process.
With the chip PTC thermistors in exemplary embodiments 2 and 4 of
the present invention , which comprise cuboidal form conductive pelymers 41,

91 having the PTC characteristics, first main electrodes 42a, 92a formed on

" the first surface of the conductive polymers 41, 91, first sub electrodes 42b,

92b disposed on the saine_ surface as the first main electrodes 42a, 92a, yet
being independent from the first main electrodes 42a, 92a, second main

electrodes 42c, 92¢ formed on the second surface, which is opposing to the first
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‘surface of the conductive polymers 41, 91, second sub electrodes 42d, 92d

dispbsed on the same surface as 1-‘.he second main electrodes 42c, 92¢, yet being
independeni.:-'from the second main electrodes 42c, 92c, first side electrodes
43a, 93a covering at least the ehtire surface of one 6f the side ends of the
conductive polymer 41, 91, which side electrode being electrically corinéctéd
with the first .maih electrodes 42&, 92a and the second ma_iti electrodes 42c,
92¢, second side electrqdes 43b, 93b covering at least the entire surface of the

other side end opposing to the first side electrodes 43a, 93a of the conductive

~ polymers 41, 91, which side electrode being electrically connected with the

first sub electrodes 42b, 92b and the second sub electrodes 42d, 92d, odd
numbér inner- main- electrodes 45a, 95a, 95c, 95e- dispbsed within the.
conductive polymer 41, 91, in parallel with the first main electrodes 42a, 92a
ahd the second main electrodes 42¢, 92¢, odd number inner sub electrodes 45b,
95b, 95(1, 95f disposed at the same plane _as-the inner main electrodes 45a; 95a,

95c¢, 95e yet being indepeﬁdent from the inner main electrodes 45a, 95a, 95¢,

- 95e, the inner main electrode 45a, 95a, 95e immediately opposing to the first -

main electrodes 42a, 92a being electrically connected with the second side

electrodes 43b, 93b, the inner sub electrodes 45b, 95b disposed at the same

plane as the inner main electrodes 45a, 95a immed-iatel& opposing to the first

main electrodes 42a, 92a being electrically connected with the first side

- electrodes 43a, '93a, the inner main electrodes 95¢ and 95e as well as inner sub

electrodes 95f and 95d disposed next to each other being e.leCtrically conneéted
alternately with the first side electrode 93a and the second side electrode 93b,
respecfively; the resistance of a chip thermistor has been reduced without
making the area of main electrodes greater, because the overall resistance of a
chip thermistor is repi'esented by a resistance ‘formed_ of two parallel-

connected resistances, in an exemplary case where there is one inner main

“electrode, of the conductive polymer dispos_ed between first main electrode and

mner main electrode and the conductive polymer between second main

electrode and inner main electrode. This structure enables to lower the
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resistance of a chip thermistor without increasing the overall dimensions.
With the chip PTC therr’xﬁ_stof in exemplary embodiment 3 of the
present invention , which comprises a cuboidal form conductive polymer 1
having the PTC charaeteristics, a ﬁret main electrode 2a formed. on a first
surface of the conductive polymei- 1, a first sub electrode 2b disposed on the
same surface as the first maiﬁ electrode 2a, yet being independent from the |
first main electrode 2a, a second rhaih'electrode 2c formed on a second surface,
which is opposing to the first surface of the conductive polymer 1, a second sub
electrode 2d disposed on the same surface as the second main electrode 2c, yet
bemg independent from the second maln electrode 2c, a first side electrode 3a
covering at least the entire surface of one of the side ends of the conductive
polymer 1, which side electrode being elecﬁricaﬂy connected with the first
main electrode 2a and the second sub electrode 2d, a second side electrode 3b
covering at least the entire surface of the other side end opposing to the first

side electrode 3a of the conductive polymer 1, which side electrode being

~ electrically connected with the first sub electrode 2b and the second main

electrode 2c, even number inne.r.main' electrodes 5a, 5c disposed Within_ the

conductive polymer 1, in pare.llel with the first main electrode 2a and the

.second main electrode 2c¢, and even humber inner _sub electrodes 5b, 5d

dispo.s_ed' at the same plane as the inner main electrode 5a, 5c; yet being
independent from the inner main electrode 5a, 5c, the inner main electrode 5a

immediately opposing to the first main electrode 2a being electrically

~ connected with the second side electrode 3b, the inner sub electrode 5b

- disposed on the same plane as the inner main electrode 5a immediately -

opposing to the first main electrode 2a being electrically connected with the

- first side electrode 3a, the inner main electrode 5¢ and inner sub electrode 5d

disposed next to each other bemg electncally connected Wlth the first side
electrode 3a and the second side electrode 3b, respectlvely, the overall
resistance of a chip thermistor has been reduced without making the area of

main electrodes greater; because the overall resistance of a chip thermistor is
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represented by a resistance formed of parallel-connected resistances, in an
exemplary case where ther'e. are two inner main electrodes, of the conductive
polymer disposed between first main electrode and first inner main electrode,
the conductive polymer between second main electrode and second inner main
electrode and the conductive polymer between first inner main electrode and
second inner main electrode. This structure enables to lower the resistance of
a chrp_ thermistor without increasing the overall dimensions.

. Furthermore , since the side electrodes in embodiments 1 through 4 of
the'present invention have been formed of nickel, or nickel alloy, which has a
relat1ve1y strong w1thstand1ng capability agamst repetitive stress which

stress caused by the repetitive expansion and shrinkage of the conductive

polymer, tends to concentrate at the junction corner between the side

electrode and the main electrode, the reliability in the coupling of the side
electrodes with the first and the second main electrodes has been improved.

Under a method of rnanufacturing the chip PTC thermistor in

. exemplary embodiment 1 of the present invention , which comprises the steps

of sandwiching conductive polymer having the PTC characteristics from the

top and the bottom - with patterned metal foil and integrating these into a
sheet 23 by heat pressing, providing the integrated sheet 23 with openings 24 |
(slits), providing a protective coating 25 on the top and the bottom surfaces of
the sheet 23 having the openings 24, forming side electrodes 13a, 13b in the
sheet 23 that has been provided with the protective coating 25 and the
openings 24, and di_viding'the sheet 23 having the side electrodes 13a; 13b and
the_ openings 24 into piece chip thermistor; shape of the end face of the
opening 24, which shape being formed of straight lines, will have least
variation even if there is a slight displacement in the location of the opening
24 relative to the pattern of metal foil' due to a'tolerance in the processing
accuracy during formation of the opening 24. -

Accordingly , the side electrodes 13a, 13b formed on the side face of the _
opening 24 by plating or the like method is provided with a certain stable
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“junction area with the first and the second main electrodes 12a, 12c; so, the

'sti'ength_ of coupling between the side electrodes 13a, 13b and the first and

second electrodes 12a, 12¢ against the stress due to expansion and shrinkage

' of the conductive polymer will have only small dispersion.

Under another method for manufacturing the chip PTC thermistor in
exemplary embodiment 1 of the present j.ﬁvention , Which compﬁses the steﬁs
of sandwiching conductive polymer having the PTC chefacteristics from the
top and the bottom with metal foil and integrating these into a sheet 23 by
heat pressing, patterning the metal foil at the top and the bottom of the

mtegrated sheet 23 by etchmg, providing the 1ntegrated sheet 23 with |

openings 24 (s11ts), prov1dmg a protectlve coating 25 on the top and the bottom.
surfaces of the sheet 23 having the openings 24, forming side electrodes.13a,
13b in the sheet 23 having the protective coating 25 and the openings 24, and
dividing the sheet 23 havin_é side electrodes 13a, 13b and the openings 24 into
piece chip thermistor; shape of the end face of the opening 24, which shape
being formed of straight lines, will have least variation even if there is a slight

displacement in the location of the opening 24 due to a tolerance in the

- processing accuracy during formation of the opening 24.

Aecqrdjngly, the side electrodes 13a , 13b formed on the side face of the
opening 24 hy plating or the ljke method is provided with a certain stable
junction area with the ﬁrst and the sec_ond.main electrodes 12a , 12¢; so, the
strength of coupling between the side electrode 13a, 13b and the first and
second electrodes 12a, 12¢ agalnst the stress due to expansion and shrinkage
of the conductive polymer will have only sma]l d1spers1on

Furthermore , because the pattern is formed on the metal foil by
etching after the heat-pressing process, the pattern is disposed at highly
accurate location on the top and the bottom metal foils; namely, the
overlapping area formed of the first main electrode 12a and the second main
electrode 120; which overlapping afea being relevant to resistance of a chip

thermistor, will have only small dispersion. This contributes to a reduced
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dispersion in the resistance among the thermistor chips. |
Under a method of manufacturing the chip PTC thermistor in
exemplary embodiment 2 of the present invention , which eomprises the steps -

of forming an integrated sheet 53 by sandwiching a patterned metal foil from

~ the top and the bottom surfaces with conductive polymer having the PTC

characteristics, further stacking patterned metal foil on both surfaces and
integrating these into sheet 53 by heatQpressing, providin.g the integrated
sheet 53 with openings, forming a protective coating on the top and the bottom
surfaces of sheet 53 having the openings, forming side electrodes 43a, 43b in
the.sheet 53 having the proteetive eoating and the openings, and dividing the
sheet 53 having side eleetfodes 43a, 43b and- the openings into piece chip

thermistor; a laminated body containing two sheets of the conductive polymer

and three sheets of patterned metal foil alternately stacked therein can be

provided through one heat-pressing operation.
Under another method for manufacturing the chip PTC thermistor in

exemplary embodiment 2 of the present invention , which comprises the steps

* of forming an integrated sheet 53 by sandwiching a patterned metal foil from

the top and the bottom surfaces with conductive polymer' having the PTC

. characteristics, further stacking metal foil on both surfaces and integrating

these into sheet 53 by. heat-pressing, patterning the metal foils on the top and _
the ‘bottom surfaces of the integrated sheet 53 by etching, providing the

integrated sheet 53 with openings, forming a protective coating on the top and

the bottom surfaces of the sheet 53 having the openings, forming side
electrodes 43a, 43b in the sheet 53 having the protective coating and the
openings, and dividing the sheet 53 having side electrodes 43a, 43b and the

'-opening's into piece chip thermistor; the pattern is disposed at highly accurate

location on the outermost metal foils, since the pattern is formed by etching
the outermost metal foils after a laminated body containing two sheets of
con_ductive polymer, one sheet of patterned metal foil and two sheets of the

outermost metal foil alternately stacked therein is formed by one heat-



10

15

20

25

30

_pressing opération. Namely, the overlapping area formed of the first main

electrode 42a, the second main electrode 42¢ and the inner main electrode 45a,

‘which overlapping area being relevant to resistance of a chip thermistor, will

have only small d1spers1on ‘This contributes to a reduced dispersion in the
resistance among the chip thermistor.

| Under a method for manufacturing the chip PTC thermistor in
exemplary embodiment 3 of the present invention , which comprises the steps
of forming a first sheet 33 by sandwiching the conduct1ve polymer having the
PTC characteristics from the top and the bottom with patterned metal foil and
integrating. these by heat pressing, forming a .second sheet 34 by sandwiching
the first sheet 33 from the top and the bottom with _conductive- polymer having
the PTC characteristics, further stacking patterned metal foil on the top and

‘the bottom surfaces of the conductive polymer'_having the PTC characteristics

and integrating these into a laminated body by heat pressmg, the cycle of heat K

pressing for integration may be repeated tw1ce or for more cycles, prov1d1ng

* the integrated second sheet 34 with openings, providing protective coating on

the top and the bottom surfaces of the sheet 34 having the openings, forming
side electrodes 3a, 3b in the second sheet 34 having the protective coating and
the openings, and dividing the second sheet 34 having the side electrodes 3a,

3b and the openings into piece chip thermistor; thickness of the conductive

. polymer layers will have only small variation among those locating in the

mlddle strata of the laminated body and those in the outer strata.

| The reason for the small variation of the layer thickness is that a
laminated body has been formed starting from the inner portion by repeating
stacking and heat-pressing step after step towards outer etrata ; forming a

laminated body by first integrating one sheet of the conductive polymer and

two sheets of patterned metal foil into one sheet form by heat pressing, and

then repeating the cyole of further stacking the conductive polymer for two or
more even number layers and patterned metal foil for two or more even

number layers to be integrated by heat pressing, eventually forming a
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laminated body containing the conductive polymer for three or more odd
number layers and patterned metal sheets alternately therein.

Under other method for manufactunng the PTC thermistor ch1ps in
exemplary embodiment 3.of the present invention , which comprises the steps
of forming a first sheet 33 by s'éndwiching the conductive polymer having the
PTC.characteristics from the top and the bottom with patterned metal foil and
integrating these by heat pressing, forming a seccnd sheet 34 by sandwiching -
the integrated first sheet 33 from the top and the bottom with conductive.
polymer having the PTC characteristics and further stacking metal foil on the

. top and the bottom surfaces of the conductive polymer having the PTC

charactenstlcs and. mtegratlng these 1nto a lammated ‘body by heat pressmg,
patterning the metal foil on both surfaces of the -1ntegrated second sheet 34 by -
etching, profziding said integrated second sheet 34 with openings, providing a
protective coating on the top and the bottom surfaces of the second sheet 34
having the openings, forming side 'eléctrodes 8a, 3b in the second sheet 34
having the protective coéting and the openings, and dividing the second sheet
34 having side electrodes 3a, 3b and the openings into piece chip thermistor;'
the patterh is disposed at highly accﬁrate location on the outermost metal
foils, since the pattern is formed by etching the outermost metal foils after a
larhinated_ body containing one sheet of conductive polymer and two sheets. of
patterned metal foil are integrated into one sheet form by heat pressing,
further stackmg thereon the conductive polymer for two sheets and
unpatterned metal foil for the outermost layers for two sheets to be 1ntegrated
by heat pressing. Namely, the overlappmg area formed of the first main |
electrode 2a, the second main electrode 2c and the i_n_ner_maih electrode 5a,
which overlapping area being relevant to resistance of a chip thermistcr, will

have only small dispersion. This contributes to a reduce'd dispersion in the

resistance among the chip thermistor.

‘Under a still other method for manufacturing the PTC thermistor

chips in exemplary embodiment 3 of the present invention , Which comprises
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‘the steps of forming a ﬁrst_sheet 33 by sandwiching the conductive polymer

having the PTC characteristics from the top and the bottom with patterned
metal foils and integratin.g these by heat pressing, for_mihg a second sheet 34
by sandwiching the integrated first sheet 33 from the top and the bottom with
conductive polymer having the PTC characteristics, further stackihg
patterned metal foil on the top and the betto_m surfaces of the conductive
polymer having the PTC charaeteristics and ihfe‘grating these into a
laminated body by heat pressing, the cycle of heat pressing'for" integration

may be repeated twice or for more cycles, forming a third sheet by

. sandwiching the integrated second sheet 34 from the top and the bottom with

the conductive .polymer having the PTC characteﬁstics, further stacking

“metal foil on the top and the bottom surfaces of the conductive polymer having

the P_TC'characteristics and integrating these into a laminated body by heat
pfessing, patterning the metal foil on the top and the bottom surfaces of said
integrated third sheet by etching, providing said integrated third sheet with
openings, providing a protective coating on the top and the bottom surfaces of
the integrated third sheet having the openings, forming side electrodes 3a, 3b
in the third sheet having the protective coating and the openings,.and dividing .
the third sheet having said eide electrodes 3a, 3b and the openings into piece

chip thermistor; the patterh is ‘disposed at highly accurate location on the

- outermost metal foils, since the pattern is formed by et__ching the outermost

metal foils after a laminated body containing one sheet of conductive polymer
and two sheetS of patterned metal foil are integrated into one sheet form by
heat pressing, further stacking thereon the conductive polymer for two or
more even number layers and patterned metal foﬂ for two or more even
number layers alternately to be integrated through i'epeated heat-pressing
cycles, and providing unpatterned metal foil for the outermost .layers to be
integrated by heat pressing, eventually forming a lamineted body centaining_
the conductive polymer for five or n:iere odd number layers, patterned metal

foils and the unpatterned metal foils for the outermost layers disposed _
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alternately. Namely, the overlapping area formed of the first main electrode 2a,
the second main electrode 2c¢ and the inner main ‘electrode 5a, which _

overlapping area being relevant to resistance of a chip thermistor, will have

only small dispersion. This contributes to a reduced dispersion in the
res1stance among the ch1p thermistor.

- Under a method for manufacturing the chip PTC therm1stor in

exemplary embodlment 4 of the present invention , which compnses the steps :

of forming a first sheet 103 by sandwiching a pattex"ned metal foil from the top '_

and the bottom with conductive polymer having the PTC characteristics and

further stacking patterned metal foil on the top and the bottom surfaces, and

integrating these into a laminated body by heat .pressing, forming a second -
sheet 104 by sandwiching the integrated first sheet 108 from the top and the.
" bottom with conductive polymer having the PTC characteristics and further
stacking patterned metal foil on the top and the bottom surfaces of the

conductive polymer having the PTC characteristics, and integrating these into
a laminated body by heat pressing, the cycle of stacking and heat-pressihg for
integ'ration may be repeated twice or more cycles, providing the integrated
second sheet 104 with openings, forming a protective coating on the top and

the bottom surfaces of the second sheet 104 havmg the openings, forming side

electrodes 93a, 93b in the second sheet 104 having the protective coatmg and
the openings, and dividing the second sheet 104 having the side electrodes 93a,

93b and the openings into piece chﬁps; thickness of the conduetive polymer
layers will have only small variation among those loc.ating in the middle

strata of the laminated body and those in the outer strata. The reason for the

"small variation of the layer thickness is that a laminated body has been

formed starting from the inner strata by repeating stacking and heat-pressing
step after step towards outer strata ; by first integrating two sheets of

conductive polymer and three sheets of patterned metal foil into one sheet

_ form.by heat pressing, and then further stacking the conductive polymer for

two or more even number layers and the patterned metal foil for two or more
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even number laiyers alternately to be integrated through repeated cycles of the

heat presSing proéess, eventually forming"a laminated body containing the

conductive polymer for four or more even number layers and the patterned

metal foils alternately therein.
Under other method for manufacturing the Chlp PTC thermistor in
exemplary embodiment 4 of the present invention, which comprises the steps

of forming é first sheet 103 by sandwiching a patterned metal foil from the top

~and the bottom With. conductive polymer having the PTC _chafacteristics,
further stacking patterned metal foil on the top and the bottom surfaces and

integrating these by heat pressing into a laminated body, forniing a second
sheet 104 by sandwiching the integrated.first sheet 103 from the top and the
bottom with conductive polymer having the PTC characteristics, further -

o stacking metal foil on the top and the bottom surfaces of the conductive
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polymer having the PTC characteristics, and integrating these into a

laminated body by heat pressing, patterning the metal foil provided on the top

and the bottom surfaces of ‘the integrated second sheet 104 by etching, |

providing the integrated second sheet 104 with openings, forming a protective
coating on the top and the bottom surfaces of the second sheet 104 having the

openings, forming side electrodes 93a, 93b in the second sheet 104 having the

' protect1ve coating and the openings, and d1v1dmg the second sheet 104 having

side electrodes 93a, 93b and the openings mto piece chip thermistor; the
pattern is disposed at highly accurate location on the outermost metal foils,
since the pattern is formed by etching the. outermost metal foils after a
laminated body containing th sheets of conductive polymer and three sheets

of patterned metal foil are integrated into one sheet form by heat pressing,

further stacking thereon the conductive polymer for two layers and

unpatterned metal foil for the outermost layer for two.'la_yers alternately to be
integrated into a laminated body by heat pressing. Namely, the overlapping -

area formed of the first main electrode 92a, the s.econd-main electrode 92c and

‘the inner main electrodes 95a, 95¢c, 95e, which overlapping area being
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felevalit to resistance of a chip thermistor, will have only small dispersion.
This contributes to a reduced dispersion in fhe resistance among the chip
thermistor.

Under a still other method for manufacturing the PTC thermistor

élﬁps in exemplary embodiment 4 of the present invention , which comprises

~ the steps of forming a first sheet 103 By sandwiching a patterned metal foil

from the top and the Bottom with conductive polymer having the PTC
characteristics, further stacking patterned metal foil on the both surfaces and
integrating thése into a laminated Body by press heating, forming a second
sheet 104 by sandwiching the integrated first éheet 103 from the top and the
bottom with conductive polymer having the PTC' characteristics, further
stacking patterned metal foil on the both surfaces and integrating these into a...
1a1i1inated body by heat pressing, the cycle of heat pressing for integration
may be repeated twice or for more cycles,l ermihg a third sheet by

sandwiching the integrated second sheet 104 from the top and the bottom

. with conductive polymer having the PTC characteristics, further stacking

metal foil on the both surfaces and integrating these into a laminated body by
heat pressing, patterning the metal foil on both surfaces of the integrated

third sheet by etching, providing the integrated third sheet with openings, -

providing a protective coating on the top and the bottom surfaces of the third
sheet having the openings, forming side electrodes 935.', 93b in the third sheet
having the.protective coating and the opénings, and dividing the third sheet
having the side electrddés 93a, 931) .and the | openings into piece chip
thermistoi'; the pattern is disposed at highly accurate location on the
outermost métal foils, since the pattérn is formed by etching the outermost
metal foils after a laminated body containing two sheets of conductive ﬁolymer
and three sheets of patﬁerned metal foﬂ are integrated into one sheét form by
heat pressing, further stacking thereon the conductive polymer foxj two or
more 1ayers in counts énd patterned metal foil for two or more even number

layers alternately to be integrated into one sheet form through repeated cycle.
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of the heat-pressing pfocess, further providing unpatterned metal foil for the
outermost layers to be integrated, eventually forming a laminated body
containing the conductive polymer for six or more even number layers and the
patterned metal foils ‘alternately therein. Namely, the overlapping area
form'e.d of the ﬁrét niain electrode 92a, the second main electrode 92c and the
inner main eiectrodes 95a, 95¢, 95e, which overlapping area being relevant to
resistance of a chip thermistor, will have only small dispersibn. This

contributes to a reduced dispérsion in the resistance among the chip

thermistor.

Furthermore , under a method for manufacturing the chip PTC
thermistor in exemplary embodiment 1 of the present invention, whére the
opening 24 (slits). is formed in a strip shape, or a comb shape, and the end face .
of the opening is formed of straight lines; form of the end face of the opening
will have least varjation even if location of t_he end face is slightly dislocated

relative to the pattern of mét_al foil due to tolerance in the Iprocessi.ng accuracy

 allowed during formation of the strip shape, or the comb shape. Accordingly ,

the side electrodes 13a, 13b formed on the end face by pléting or the like -
method will have a certain stable junction area with the first main electrode

12a and the second maini electrode 12c; so, strength in the coupling at the

‘junction between the side electrodes 13a, 13b and the first main electrode 12a

and the second main electrode 12c against the stress caused by expansion and
shrinkage of the conductive polymer Wiﬂ have a smaller dispersion.

Still further, under a method for manufacturing the chip PTC
thermistor in exemplary embodiment 1 of the preéent invéntion, the metal foil

is patterned into a comb shape at the opening 24 (slit). Therefore, in a later

- process step of dividing into piece chip thermistor, the metal foil is incised at a

portion corresponding to the comb tooth. Thus the incised portion is smaller as
compared with a metal foil having ﬁb comb opening. This reduces quantity of
burr generation with the metal foil at the dividing step , also reduces the

exposure of the cut end of metal foil to the side surface of a chip thermistor,
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which is advantageous in avoiding oxidation of the exposed surface and in

' preventing the occurrence of short-circuiting by_ solder when mounting the

chip thermistor on a circuit board. -

INDUSTRIAL APPLICABILITY

The PTC thermistor chips of the present invention are formed of a
cuboidal form conductive polyx'ner having the PTC characteristics , a first
main electrode disposed on a first. surface of the conductive polymer, a first
sub electrode disposed on the same surface as the main electrode, yet being

independent from the first main electrode, a second main electrode disposed

on a second surface opposing to the first surface:of -.the-conductiire-polymer, a - -

second sub electrode disposed on the same surface as the second main
electrode, yet being independent from said second main electrode, a first side
electrode covering at least the entire surface of one of the side surfaces of the

conductive polymer, which side electrode being electrically connected with the

~ first main electrode and the second s_ub_ electrode, and a second side electrode

covering at least the entire surface of the other side surface opposing to the

one side surface of the conductive polymer, which side electrode being
electrically connected with the first sub electrode and the second main
electrode. | o

| Under the structure as configured nbove, sirice the side electrode is
provided covering at least the entire side surface of the two side surfaces of

the conductive polymer, solder fillet can be formed at the side of the chip

thermistor mounted on a printed circuit board. It is the advantage of the chip

PTC thern_listor of the present invention that the soldered pbrtion ‘can be
easily inspected visually after the chip thermistor are mounted on a printed
circuit board; furthermore, the chip PTC thermistor can be used in the flow

soldering process. -



-~

10

15

20

25

30

This Sheet Has Been Replaced

.36 \ ..
[T s //ll/lllllll/llll/l/ll/l///ll/

CLAIMS: o . L | )
1. Achip PTC thermistor compﬁsing: | |

a cuboidal form conductive polymer having the PTC characteristics;

a first main electrode disposed ona first surface of said conductive

polymer

a first sub electrode d1sposed on the same surface as said main -

~ electrode, yet bemg independent from said first main electrode;

a second main electrode disposed on a second surface opposmg to saJd
first surface of sa1d conductive polymer, ‘

a second sub electrode disposed on the. same surface as said second
main electrode,- yet being independent from said second main electrode; -

a first side electrode covering at least the entire. surface of one of side |
surfaces of said conductive polymer, which side electrode'bein_g electrically
connected with said first main electrode and said second sub electrode; and

~ a second side e_lectrode covering at least the entir_e surface of the other

side s_urface opposing to the one side surface of said conductive polymer, which

“side electrode being electrically connected with said first sub electrode and |

said second main electrode.

2 A chip PTC thermistor comprising:
a cuboidal form conductlve polymer havmg the PTC characterlstlcs
a first main electrode d1sposed on a ﬁrst surface of sa1d conductive
polymer; |

a first sub electrode disposed on the same surface as said main

electrode, yet being independent from said first main electrode;

a second main electrode disposed on a second surface opposing to said .
first surface of said conductlve polymer |

a second sub electrode disposed on the same surface as said second

“main electrode, yet being independent from said second main electrode;

- a first side electrode covering at least the entire -surface of one of side
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surfaces of said conductive polymer, which side_electrode being electrically

connected with said first méiri electrode and said second sub electrode;
| a second side electrode covering at least the entire surface of the other

side surface opposing to the one side surface of said conductivé polymer, which
side electrode being electrically connected with: said first sub electrode and
said second main electrode; | : |

odd number inner main electrode or inner main electrodes disposed
within said conductive polymer in parallel with said first and_ second main
electrodes; |

odd number inner sub electrode oi' inner sub electrodes disposed at the
same plane as said inner main electrode. or inner --maiﬁ--electrodes,-yet being -
independent from sai.id inner main electrode or ihner main electrodes; wherein

said inner main elec;_trode immediately opposing to said first main
eléctr‘qde is'eleci:ric_ally connected with said second side electrode, while said
inner sub electrode disposed at the same plane as said inner main electrode

immediately opposing to said first main electrode is electrically connected

| with said first side electrode; ﬁirther, said inner main electrode and inner sub

electrode disposed adjacent to each other are electrically connected,

alternately, with said first side electrode and said second side electrode.

3. Achip PTC thermisto;' compriéing: ,
a cuboidal form conductive polymer héving' thé' PTC characteristics;
a first main electrode disposed on a first surface of said conductive
polymer; o ’
a first sub electrode disposed on the same sﬁrféc’e as said main
electrode, yet being independe_nt_ from éaid first main eIectfode;
" a second main electrode disposed on a second surface opposing to said
first surface of said conductive polymer; | |
a second sub electrode disbdsed on the same: surface as said second

main electrode, yet being independent from said second main electrode;
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a first side electrode covering at least the entire surface of one of side

O [T

surfaces of said conductive polymer, which side electrode being electrically

_connected with said ﬁrst main electrode and said second sub electrode;

a second side electrode covering at least the entire surface of the other
side surface opposing to the one side surface of said conductive polymer, which
side electrode being electrically connected with said first sub electrode and
said second main electrode; |

“even nurnber inner main electrodes disposed within said conductive
polymer in parallel with said first and second main electrodes;

even numl?er inner sub electrode disposed at the same plane as said
inner main electrodes, yet being independent from sa__id inner m_aixi electrodes;
wherein | | ’ |

said inner mam electrode immediately opposmg to said first main
electrode is electncally connected with said second s1de electrode, while said

inner sub electrode d.lsposed at the same plane as said inner main electrode

‘immediately opposing to said first main electrode -is electrically connected

with said first side electrode; further,'- said inner main electrodes and inner

" sub electrodes disposed adjacent to each other are electrically connected,

: alternately, with said ﬁrst side electrode and said second side electrode

4. The chip PTC thermistor of claim 1, claim 2 or cla1m 3 wherein the s1de:

electrode is formed of nickel or nickel alloy

5. A method of manufacturing the chip PTC thermistor comprising: _
forming a sheet by sandwiching conductive polymer having the PTC
characteristics from the top and the bottom with patterned metal foils and
integrating these by heat pressing,
providing said integrated sheet with openings, |
providing protective coatings on both surfaces of the sheet having eaid

openings,
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forming a side electrode in the sheet having said protective coating
and said openingé, and
dividing the sheet having said side electrode and said opening irite‘

pieces.

6. Amethod of manufacturing the chip PTC thermistor comprising:

forming a sheet by sandwiching conductive polymer having the PTC

~ characteristics from the top and the bottom with metal foﬂs and mtegratmg

these by heat pressmg, _ _
- patterning the metal feils on the top and the bottom surfaee's of said

integrated sheet by etching, |

providing said integrated sheet with openings,

providing protectit}e coatings on both surfaces of the sheet having said
openings, ’ | | | o

forming a side electrode .in the sheet having said protective coatings
and said openings, and ' _ |

dividing the sheet having said side electrode arld said openings into

pieces.

7. Amethod of manufacturing the PTC thermistor chips comprising:
_ forming a sheet by sandwiching a patterned metal foil from the top
and the bottom conductive polymer having the PTC characteristics, further

-stackmg patterned metal foil on the top and the bottom surfaces and

integrating these by heat pressing;

providing said integrated sheet with openings;

providing protective eoatings on both surfaces o'f‘the sheet having said
openings; ' o _

forming a side electrode mn the sheet having said protective coatings
and said openings; and |

dividing the sheet having said side electrode and said openings into
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8. A method of manufacturing the chip PTC the.rmistqr comprising:
| forming a sheet by sandwiching a patterned metal foil from the top
and the _ bottom with conductive polymer having the PTC characteristics,
further stacking metal foils on the top and the b(_)ttom surfaces and
integrating these by heat pressing; |
' patternmg the metal foil on the top and the bottom surfaces of said
integrated sheet by etching;
prov1d1ng said mtegreted sheet with openings;
- ‘providing protective coatings on both surfaces of the sheet having said . -
oﬁening; | | |
forming a side electrode in the sheet having said protective coatings
and said openings; and | o | |
dividing the sheet having said side electrode and said opening into |

pieces.

9. A method of manufacturing the chip PTC thermistor comprisingt
forming a first sheet by sandwiching conductive polymer having the _
PTC characteristics from the top and the bottom with patterned metal f011s
and mtegratmg these by heat pressing; _ _
forming a second sheet by sandw1chihg said integrated first sheet from
the top and the bottom with conductive polynier' having the PTC
characteristics, further stacking a patterned metél foil on the top and the
bottom surfaces the conductive polymer having the PTC characteristics and
integrating these by heat pressing, process cycle of the heat pressing for
integration be once or be repeated more than twice for forming a laminated
body; | ' |
providing said integrated second sheet with opehihgs;

providing protective coatings on both surfaces of the second sheet
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having said openings;-.

T

forming a side electrode in the second sheet having said protective
coatings and said opemngs and | |
div1dmg the second sheet having said side electrodes and said |

openings into pieces.

10. A method of manufacturing the chip PTC thermistor comprising:
forming a- first sheet by sandwiching conductive polymer having the
PTC characteristics from the top and the bottom with a patterned metal foil
and integrating these by heat pressing; |

- forming a-second sheet by sandwiching said integrated first sheet from

the top and the bottom. ‘with conductive ‘polymer having the PTC

characteristics, further stacking metal foils on the top and the bottom surfaces
and integrating these by heat pressing; o

patterning the metal foil on both surfaces of said integrated second
sheet by etching; | o

providing said integrated second sheet with openings;

prov1d1ng protective coatmgs on both surfaces of the second sheet
havmg said openings; ' | |

forming a side electrode in the second sheet having said protective
coatings and said openings;' and. | _

dividing the second sheet having said side electrode and said openings

into pieces.

11. A method of manufacturing the chip PTC thérmistor comprising:
'forming a first sheet by sandwiching conducti"vé polymer having the
PTC characteristics from the top and the bottom w1th patterned metal foils
and integrating these by heat pressing; .
forrning a second sheet by sandwiching said integrated first sheet ﬁ'orn
the top and the bottom with conductive poly_,iner having the PTC
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charactiaristics, further stacking patterned metal foils on the top and the
bottom surfaces'cf the conductive polymer having the PTC characteristics and
1ntegrat1ng these by héat pressing, process cycle of the heat pressing for
mtegratmn be once or be repeated more than twice for formmg a laminated
body, .

forming a third sheet by sandwiching said integrated second sheet
from the top and the bottom with conductive polymer having the PTC
characteristics, further stacking metal foils on the top and the bottom surfaces
of the conductive polymer having the PTC characteristics and integrating
these .by heat pressing;

patterning the metal foil on both. surfaces of said -integrated third .
sheet by etching; | ' |

' providing said integrated third sheet with openings;

providing protective coat1ngs on both surfaces of the third sheet
havmg said opening;

forming a side electrode in the third sheet having said protective
coatings and said openings; and =~ '

d1v1d1ng the third sheet havmg said side.electrode and said openings

into pieces.

12. A method of manufacturing the chip PTC thermistor-comprising:
-forming a first sheet by sandwiching a patterned metal foil from the

~ top and the bottom with conductive polymer having the PTC characteristics,_

further stacking a patterned metal foil on the top and._t_he bottom surfaces and |
integrating these by heat pressing; _ _

forming a second sheet by sandwiching said integrated first sheet from
the top and the ‘bottom with conductive pOIYmer having the PTC
characteristics, further .stacking patterned metal fcil on the top and the
bottom surfaces and integrating these by heat pressing, 'p.rocess cycle of the

heat pressing for integration be once or be repeated more than twice for



10

15

20

25

30

This Sheet Has Been Replaced

forming a laminated body;.

A O ]

providing said integrated second sheet with opehingS"

prov1d1ng protectlve coatlngs on both surfaces of the second sheet
havmg said openings;

forming a side electrode in the second sheet having said protective
coatings and said opemngs and | ' |

dividing the second sheet having sa1d s1de electrode and sald openings

into pieces.

13. A method of manufacturing the chip PTC thermistor comprising:

. forrning_ a first sheet by sandwiching .a-petterned..:metal foil from the.
top and the bottom with conductive polymer having the PTC-characteristics,
further stacking e patterned metal foil on the top ahd the bottom surfaces and
integrating these by heat pressing; -

_ formmg a second sheet by sandwiching said mtegrated first sheet from

the top and the bottom with conductive polymer having the PTC

characteristics, further stacking metal foils on the top and the bottom surfaces
and integrating these by heat pressing; | |

patterning the metal foils on the top and the bottom eurfaces of said
integrated second sheet by etching; . |

: providing said integrated-second sheet with openings;

providing protective coatinge on both surfaces of the second sheet
having said opening; . | | |

formmg a side electrode in the second sheet havmg said protective
coatlngs and said openings; and

d1v1d1ng the second sheet having said side electr_ode and said opening

_into pieces.

14. A method of manufacturing the chip PTC thermistor comprising:
~forming a first sheet by sandwiching a patterned metal foil from the
top and the bottom with conductive polymer having the PTC characteristics,
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further stacking patterned metal foils on the top and the bottom surfaces and

integrating these by heat pressing; o

: forming a second sheet by sandwiching said integrated first sheet from
the top and the bottom' With conductive polylner having the PTC
characteristics, further stackmg patterned metal foils on the top and the
bottom surfaces of the conductive polymer having the PTC charactenst1cs and
integrating these by heat pressing, process cycle of the heat - pressing for
integration be once or be repeated more than twice for forming a laminated
body; S |

. forming a third sheet by sandwiching said integrated second sheet
from the top. and the bottom with conductive. polymer having the PTC
characteristics, further stacking metal foils on the top and the bottom surfaces

of the conductive polymer having the PTC charactenstics and 1ntegrat1ng

~ these by heat pressmg,

patterning the metal foil on both surfaces of sald 1ntegrated third
sheet by etching; - _

providing said integrated third sheet with openings; _

providing protective coatings on. both surfaces of the third sheet
having said opening; |

forming a side electrode in the third sheet having said protect1ve
coatings and said open1ngs and

' d1v1d1ng the third sheet having said side electrode and said opemngs _

into p1eces

15. The method of manufacturing the chip PTC thermistor recited in one of
claims 5 through 14, wherein the process for provi_ding the openings is a
process of forming the openings in a strip shape or a comb shape.

16. The method of manufacturing the chip PTC thermistor recited in one of
cla1ms 5 through 14 wherein the metal foil 1s processed so that it has an

openings of a comb shape after patterning.



