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. BH P PTC THERM STER FI ELD OF THE | NVENTI ON
The presentP20884Eti on rel ates to a nethdd of manuf acturl ng a chip positive
& tenperature coefficient (hereinafter referred to as "PTC') therm ster

usi ng el ectrically conductive polyner having a PTC characteristic.
BACKGROUND OF THHETHOD!OF MANUFACTURING: CHIF PTC THHERMISTER

electrically conductive polymer is used as an 10 overcurrent protective
element in a variety of electronic devices. An operating principle is

such that the electrically conductive pol ymer v a PTC
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the eby5 al teemuglrtaltm% tcogft‘fment rﬁleremafter referred to as “PTC”) thermister using

- electrically conductive polymer having a PTC characteristic.

BACKGROUND OF THE INVENTION
A PTC thermister composed of electrically conductive polymer is used as an
10 overcurrent protective .elem'ent in a variety of electronic devices. An operating .
principle is such that the electri'callly conductive . polymer having a PTC
characteristic heats up by itself when an excessive current ﬂows' in an electric
circuit, changing a resistance of its own into a high value due to a thermal
expansmn of the electrically conductive polymer, thereby attenuatmg the current
15 into a safe minute region.
A PTC thermister of the prior art will be described hereinafter.
~ Japanese ' Patent Laid-open Publication, No. H09-503097 discloses an
example of a chip PTC thermister of the prior art. It is a chip PTC thermister
comprising a PTC element having a through-hole penetrating between a first
20 surface and a second surface , and a first and a second conductive members in a
layer form,-'positioned inside of the through-hole, and connected physically as well '
as electrically to the first sﬁrfate and the second surface of the PTC element.
Fig. 15(a) is a sectional view illustrating a chip PTC thefmister of the prior.
art, and Fig. 15(b) is a plan view of the same. In Fig. 15, a reference numeral 81
25 represents an electrically éonductive polymer having a PCT characteristic, |
reference numerals 82a, 82b, 82c, and 82d represent electrodes composed of
metallic foil, and reference numeraI_S 83a and 83b repi'esent thfough-holes.
Reference numerals 84a and 84b are conductive members formed by plating on

insides of the through-holes and over the electrodes 82a, 82b, 82c, and 82d.



15 into a safe mnute region. A PTC therm ster of the prior art

W1l be described hereinafter. : Japanese Patent Lai d-open
Publ i cat i oP20881E HO9- 503097 di scl oses ar? exanpl e of a chip PTC
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82d. _sandw1dﬁ%98\§i'tﬁ two metallic foils 92, as shown in Fig. fﬁ(b) and 16(c), and an
| integrated sheet 93 is formed by thermal-compression molding. |
Next, through-holes 94 are perforated in a regularly arranged pattern on the
10 . integrated sheet 93, as shown in Fig. 16(d), after it is irradiated with electron beam.
" A plated film 95 is then formed on insides of the through-holes 94 and on the
metallic foils 92, as shown in Fig. 17(a). |
Etched grooves 96 are formed next 1n the metallic foils 92 as shown in Fig.
17(b).
15 The laminated product is now cut into individual pieces along éutting lines
97 of a longitudinal direction and cutting lines 9.8 of a lateral direction as shown in
- Fig. 17(b), to complete ma'nufacturiﬂg of a chip PTC thermister 99 of the prior art
as shown in Fig. 17(c).
However, there has been a problem as described hereinafter with the
20 conventional méthod of manufacturing the chip PTC thermister, when a protective
~ coating is formed on the plated film 95 for a purpose of preventing a short circuit
and the like. | | |
That is, formation of the protective coating needs to be carried out only after
- a pattern is formed by etching the metallic foil 92. Therefore, the protective
| 25 - coating is formed by screen-pﬁntihg and thenﬁally curing a epoxy base resin, after
etched grooves are formed in the metallic foil 92. The problem occurs in this -
.process that a crack may develop in the plated film 95 formed in the through-halls
94 due to a mechanical stress generated by thermal expansion because of the heat

applied when thermally curing the sheet 91.



Describing next will pertain to a rret hod of manufacturing the above-
descri bed chi p PTC therm ster of the prior art. Fig. 16(a) through 16(d)
and Fig. P20881E/(a) through 17(c) are p¥ocedural drawi ngs showi ng a nethod
of manufacturing the chip PTC therm ster of the prior art. 5
~ First, polyethylene and carbon as electrically conductive particles are
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coating , which causes polyethylene element in the sheet 91 to migrate toward the
‘surface of the sheet 91 exposed on the inﬁer surfaces of the through-holes 94.
10 An object of the present invention is to solve the foregoing problem of the
prior art method , and to proVide a method of manufacturing a chip PTC thermister
. having superior reliability of connection, as.. it does not cause a crack in the-
electrode connecting between an ui:per aﬁd a lower electrodes when the protective
coating is formed on the metallic foil, and it is capable of uniformly forming a

15 film "by electrolytic plating even on a 'pbrtion of the electrically conductive

polymer on an inner surface of the opening when the electrode is formed.

DISCLOSURE OF THE INVENTION
A method of the present iﬁvention for manufacturing a chip PTC thermister
20 comprise.s:. : |
forming a sheet by sandwiching an upper sﬁrface and a lower surface of an
electrically conductive poiymer haviﬁg a PTC characteristic with metallic foils, on
which a pattern ‘is formed in advance, and integrating them by thermal-
compression molding; |
25 providing an opening in the integrated sheet;
forming a protective coating, also serving as plating resist, on an upper and a
lower surfaces of the sheet in which the opening is provided; |
| forming an electrode by electrolytic plating on the sheet on Which the

- protective coating serving also as plating resist is formed; and



‘However, there has been a probl em as described hereinafter Wi th the 20
conventional method of manufacturing the chip PTC thermi ster, when a
protecti veP20881Ko0ating is fornmed on thedplated film95 for a purpose of
preventing a short circuit and the like."- That is, formation
of the protective coating needs to be carried out only after . a pattern
is fornmed by etciing thdsheeti e whicl thie el8etrodd iy folroved, irto éngividead tpieees. 25
coating i's formed by screen-printing and thermally curing a epoxy base
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probl emoccurs in this rocess that a crack may develop in the plated
film 95 foarmelting poiat ofithriglectrigally conductive pedymer is usachfori amaterialofdhe
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next, and tt&%p@lla?ﬁr%disfﬂﬁmaglgeﬁ In such a manner as not to exceed the melting point of

the electrically conductive polymer in each step of the preparatory processes from
the step of providing the opening in the integrated sheet, up to the step of forming
the electrode by electrolytic plating on the sheet, on which the protective coating

10 serving also as plating resist, is formed. The manufacturing method of the
present invention provides the chip PTC thermister having a superior reliability of
connection , since it does not cause a crack in the electrode formed by electrolytic
platihg, and is capable of uniformly forming a film of the electrolytic plating even

" on portion of the electrically conductive polymer on the inside surface of the

156 opening when the electrode is formed. In addition , the present invention can
eliminate waste liquid that is otherwise produced if wet patterning is used for the
metallic foil in the process of manufacturing the chip PTC thermister, since -
present method uses the metallic foil patterned in advance by die-cutting to
manufacture the integrated sheet. .

20

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1(a) is a perspective view of a chip PTC thermister in a first -exeniplary
embodiment of the present invention;
Fig. 1(b) is a sectional view taken along a line A - A’ in Fig. 1(a);

25 - Fig. 2(a) through 2(d) are procedural drawings showing a method of
manufacturing the chip PTC thermister in the first exemplafy embodiment of the
present invention;

Fig. 3(a) through 3(d) are procedural drawings showing the method of

manufacturing the chipiPTC thermister in the first exemplary embodiment of the



fornmed thereafter, in order to prevent the crack from devel oping in the
plated film . 95. However, a problem has yet remai ned unresol ved that

t he pl at ed PRO8BEES can 5 not be formed uniformy on inner surfaces of
the through-holes 94 in this nethod. It is presuned that this is _
because a surface of the sheet 91 |oses an electric conductivity, as a
result of &iﬁ&eheﬁivdilﬁdnﬂg the thermal setting of the protective

coating , which causes polyethylene element in the sheet 91 to mgrate
toward the Figudfis agperspective stiewt ofod chipoBT€dthermister il lustrating ahaexample
~the through-holes 94. 10 - An object of the present inventionis to
sol ve t he fofaalpdeetivaly dotmed electrode; prior art nethod, and to provide a
Jret hod of manufacturing.a chip. PTC therm ster . havi hg superi or
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of uniform ] 15 filmby electrolytic plating even on a portion
of the el eﬁ?ﬁf“@m‘%&l Reucti ve pol ymer on an inner surface of the

openi ng when t el I ' : : o URE
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OF THE | NVENTI . A _ present” 1 nventl
manuf act ur ighFactitinghe SHIprPTE! thErmidtéCiPHieSSécond exemplary embodiment of

the present invention;

10 Fig. 7(a)is a perspéctivc view of a chip PTC thermister in a third exemplary

embodiment of the present invention; |

Fig. 7(b) is a sectional view taléen along a line B — B’ in Fig. 7(a);

Fig. 8(a) through 8(d) are procedural drawings showing a method of
manufacturing a chip PTC thermister in the third exemplary embodiment of the

15 present invention; |

Fig. 9(a) through 9(d) are procedural drawings showing the method of
manufacturing the chip PTC thermister in the third exemplary embodiment of the
present invention; |

| Fig. 10(a) through 10(c) are procedurai drawings showing a method 6f

20 manufacturing a chip PTC thermister in a fourth exemplary embodiment of the

present invention; | |

~ Fig. 11(a)'through ll(d) are procedural.drawings showing the method of
manufacturing the chip PTC thermister in the fourth exemplary embodiment of the
present invention; _

25 Fig. 12(a) through 12(d) are procedural drawings showing a method of
manufacturing a chip PTC thermister in a fifth exemplary embodiment of .the
present invention; o |

Fig. 13(a) through 13(d) are also procedural drawings showing the method

- of manufacturing the chip PTC thermister in the fifth exemplary embodiment of



formng a sheet by sandvm ching an upper surface and a | ower surface of an
el ectrical l y conductive pol ymer having a PTC characteristic with nmetallic
foils, on P20881hich a pattern is formeddin advance, and integrating them
by ther mal - conpressi on nol di ng; 25 provi ding an opening in the
I nt egrated sheet; formng a protective coating, also serving as
pl ati ng reshspresentmennpn; and a | ower surfaces of the sheet in which
t he opening is provided, formi ng an el ectrode by electrolytic
plating on the lﬁgeé@l(a)msvmgnaph showing a thicknessi oéelcouodngn ¢ \0ase) agplatings
plating resist is forned, and P20881E
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Fig. 15(a) is a sectional view of a chip PTC thermister of the prior arﬁ
. Fig. 15(b) is a plan view of the chip PTC thermister of the prior art;
Fig. 16(a) through 16(d) ére procedural drawings showing a niethod of
manufacturing the chip PTC thermister of the prior art; and ,
10 Fig. 17(a) through 17(c) are procedural drawings showing a method of |

mdnufacturing a chip PTC thermister of the prior art.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
- FIRST EXEMPLARY EMBODIMENT
15 A chip PTC thermister and a method of manufacturing the same in a first
exemplary embodiment of this invention will be described hereinafter, by referring
to the accompanying figures.
Fig. 1(a) is a perspective view of the chip PTC thermister, and Fig. 1(b) is a |
sectional view taken along a line A — A’ in Fig. 1(a), in the first exemplary
20 embodiment of this invention. |
In Fig. 1(a) and 1(b) , a reference numeral 11 represents an electrically
conductive polymei (melting point: approx. 135°C) in a cuboidal shape having a
PTC characteristic, comprising a compound. of high density polyethylene (melting
point: approx. 135°C), i.e. crystalline polymer, and carbon black, i.e. electrically
25 conductive particles. A reference numeral 12a represents a first main electrode
located on a first surface of the electrically conductive polymer 11. A reference
numeral 12b represents a first sub-electrode located on the same surface as the
first main electrode 12a, but independently from the first main electrode 12a. A

reference numeral 12c¢ is a second main electrode located on a second surface



protective coating, also serving as plating resist, in the step of formng
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Fig. 1(a) is a perspective view of a chip PTC therm ster in a first
exenmplary electrodtetiBH amhtheasecond sob-etevttodeiht i on; Fig. 1(b) is

a sectional view taken along aline A- A in Fig. 1(a); 25 Fig. 2(a)
t hrough02(d) arA seconddideatledtrade idb etmsisting of mekayer ofifelectrolytically plated
nickel , is also disposed in such a manner as to surround over an entire surface of
another side opposite to the first side electrode 13a of the electrically conductive
polymer 11, an edge portion of the second main electrode 12c and the first sub-
electrode 12b, and to electrically connect the second main electrode 12¢ and the
15 - first sub-electrode 12b. | |
Reference numerals 14a and 14b are a first protective coating and a secbnd
protective coating in green color, both serving also as plating resist, composed of
polyester-based resin prdvided on outermost layers of the first surface and the
second surface of the electricaliy conductive polymer 11. Inéidentally, the first
20 side electrode 13a and the second side electrode 13b cdrrespond to "electrode"
defined in the claims, and they may take any forms that can be provided on
portions of the side surfaces of the PTC thern'lister, or on inside of the through-
holes of the prior art structure. |
A method of the first exemplary embodiment of this in§ention for
25  manufacturing the chip PTC thermister will now be described by referring to the
accompanying figures. |
Fig. 2(a) through 2(d) and Fig. 3(a) through 3(d) are procedural drawings
showing the method of manufacturiﬁg the chip PTC iher_mister in the first

exemplary embodiment of this invention.
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- for about 20 mlnutes with two-roll mill heated to approximately 170°C. The

kneaded substance in a sheet-form was taken out from the two-roll mill, and an
electrically conductive polymer 21 (melting point:. approx. 135°C) shown in Fig.
2(a), in a sheet-form having a thickness of approximately 0.16 mm was produced.

Next, a metallic foil 22 shown in Fig. 2(b) was made from electrolytic
copper foil of approx. 80 um by pattern forming with a press forming.

Next, a sheet 23 integrated as shown in Fig. 2(d) was produced by
overlaying one each of the metallic foil 22 on top and bottom of the sheet-formed
electrically conductive polymer'21, as shown in Fig. 2(c), and subjecting them to a
compression molding for approx. 1 minute under a condition of 140°C to 150°C in
temperature , approx. 20 torr in degree of vacuum, and approx. 50 kg/cm? in
surface pressure.

After the integrated sheet 23 was therinally treated. (approx. 20 minutes at
100°C t0115°C), it was irradiated with approx. 40 Mrad of electron beam in an
electron beam irradiating apparatus to qomp'lete cress-linking of the high density
polyethylene. | | |

Long slit openings 24 were then formed at regular intervals in the integrated

present invention; _ Fig. 3(a) through 3(d) are procedural
manl acturing the chip PTC thermister

of

sheet 23, as shown in Fig. 3(a), by using a dicing machine, a milling machine, or

the like, while cooling it with water. In the process of forming the openings 24,
certain desired portions were left uncut ina longitudinal direction of the openings
24. In a process of rinsing and drying after the openings 24 were cut, the whrk
was carried out at such a temperature that a temperature of the electrically
conductive polymer 21 does not rise beyond. the melting point (135°C) of the

electrically conductive polymer 21.

Next, an upper surface and a lower surface of the sheet 23 provided with the |



t he present invention; 10. Fig. 7(a) IS a perspective view of a chip
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R in Fig. 7(a); - Fig. 8(a) through 8(d) are .procedural draw ngs.
showi ng a net hod of manuf acturing a chip PTC therm ster in the third

exenpl ary nitigseD4 whs tseeeciBprintets avith i greemt ¢alored paste of pdliygsted (gsed

t hrough 9(d) are procedural draw ngs show ng the method of

manuf act ur itheymdisettingresinG exveptifet en arca simrounding the elppnmg/%msoshownun of
t he present invention; Fig. 10(a) through 1Q(e) are
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thermster in a fourth exenp) enbodi e of t present invention;
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of 26 was formed by electrolytlc nickel plating in a thickness of approx. 15 pm in a

sulfamic acid nickel bath under a condition of an electric current density of 4
10 A/dm? for about 30 minutes |

The sheet 23 of Fig. 3(c) was dividéd , thereafter, into individual pieces with
-a dicing machine to complete a chip PTC thermister 27 shown in Fig. 3(d).

Hereinaftpr an advantage of the flo.regoing..processes will be explained ,
wherein a temﬁerature of the electrically bonductive polymer 21 is so maintained

15 as not to exceed the melting point (135°C) of the electrically conductive polymer
21 during the preparatory processes which include the steps from the forming of
the openings 24 shown in Fig. 3(a) to the forming of the sidé electrode 26 shown
in Fig: 3(c), by addpti'ng the protective coating, also serving as plating resist,
capable of being formed at a temperature equal to or lower than the melting point

20 135°Cof the eiectrically conductive polymer. _

In co'm'parison , a protective coating 25, also serving as plating resist, was |
formed by screen-printing a resin paste of the ordinary epoxy based thermo-setting
resin and curing it (at 140°C to 150°C for approx. 10 miliutes) in a oven , in the
step of forming the protective coating 25, also serving as plating resist, shown in

25 Fig. 3(b). The following problem arose in this Caée, 1n the step of forming the
side electrode 26. | _ . .

First of all, Fig. 4 shows an example of defects developed when the side
electrode 13a and 13b of the chip-PTC thermister were forméd.

“In Fig. 4, a reference numeral 15 represents a defective portion formed in the



P20881E 6 the present invention;
Fig. 14(a) is a graph showing a thickness of electrode in the case a

pl ating P20884E st for masking is provil@ed; Fig. 14(b) is
anot her graph showi ng a thickness of el ectrode when 5 manufactured w thout
providing a plating resist for masking; Fig. 15(a) is a

sectional gidenelettrodesilBa BAE X3ter nARthouglohi¢ked platimg isproperly formed onfthe.

15(b) is a plan view of the chip PTC therm ster of the prior art;

Fig. 16(a) mdincelgttraddsd)2ar 2qramkthe shibelectiodes Etoandgl2d, rthBMmmckel

manuf acturing the chip PTC therm ster- of the prior art; and 10 I g.
17(a) t hr opiptingy (is ) farmedo oady dparsiallyr ami thes deevicaly acomductiyeopolymer 11
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5 has not connected both electncally and physically. This is caused by a fact that

the electrically conductive polymer 11 is unable to keep an electrical conductivity
in its surface, while the main electrodes 12a and 12c as well as the sub-elcctrbdes
12b and 12d, as being metal parts, keep high electrical conductivity. It is
presumed.thét the sﬁrface of the electrically conductive polymer 11 is unable to

10 maintain the electrical conductivity, because the electrically conductive polymer
11 is heated beyond the melting point of 135°C under the processing témperature
of 140°C to 150°C for 10 minutes, which caﬁs@s the polyethylene element within
the electrically conductive polymer 11 to migrate toward its surface. Naturally, a
film of the electrolytic plating is not fomied on the portion where electrical

15 conductivity.is lost, thereby giving rise to a trouble of defective formation of the
side electrodes 13a and 13b.

Thcre are two important points described below in order to avoid the
foregoing trouble, and to ensure reliability of connection by successfully forming
the side electrode 26. |

20 The first one is to use a protective coating 25 serving as plating resist that
can be formed at a temperature equal to or less than the melting point of 135°C of
the electrically conductive polymer 21.

The second one is to prevent temperature of the electrically conductive

polynier 21 being heated up to thé melting point (135°C) or higher during the

25 steps from the forming of the openings 24 through the completing the formation of
the side electrode 26.

| It is therefore necessary to prevent the temperafﬁre of the electrically

conductive polynier 21 from being heated to the melting point (135°C) or higher.

even with a processing temperature in any step other than the step. of forming the



FI RST EXEMPLARY EMBODI MENT 15 A chip PTC therm ster and a nethod of
manuf acturing the same in a first exenpl ary enbodi nent -of this :
i nventi on BR0881E: descri bed hereinafter llby referring to the
acconpanyi ng figures. Fig. 1(a) is a perspective view of the
chip PTC therm ster, and Fig. 1(b) is a - sectional view taken along a

line A - Aprofective. cda(tm)g 250, tdlgof serving> asnplating 26sistnwedl 8Nk podebsing
i nvention.. In Fig. 1(a) and 1(b) a reference nuneral 11
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135[err]C) in a cuboi dal shape having a PTC characteristic, conprising
a_conpound redsomi agrdeseribed pbpwe.yet hyl ene (el ting poi nt appr ox.

135[err]C), i.e. .crystalline polyner, and carbon bl ack, i el ectri caI |y
25  conduct i ve Begause| ok the, akgwe ém@nnuﬁ%r ﬁlnrstlzge érsémbs) anpnm Hup'n

Pol yrorS 11 inyentiReesaot causerd, siack o6 5ide lesbiode 2p poRipostd ot d haer She
ot o o0 el R PR AR even it MoV S 285 b s o
12¢ s a sqeaifh MR, 8 tﬁﬁh&&%ﬁoﬁ%ﬁ%ﬁférﬁfbf‘oﬁfﬁﬂm cHtiEE due to deviation in
a position of soldering on a printed circuit board
This exemplary embodiment can also provide -the chip PTC _ther,mistef
10 . having superior reliability of com_léction, as it does not cause such a trouble as not
forming the side electrode 26 uniformly on the inner surface of the opening 24.

An advantage of the first .exemplary embodiment of this invention for
forming the side electrode 26 with the layer of electrolytically plated nickel will
be described hereinafter. N |

15  First of all, it requires approx. 30 minutes with an electric current density of
about 4.0 A/dm? in order to form the side electrode 26 in a thickness of 15 um in
the case of eleétrolytic nickel plating in the step of forming the side electrode.
Oﬁ the contrary, it requires more than twice as longer time to _appr‘ok. 80 minutes
with an electric current density of approx. 1.5 A/dm? in the_casé of electrolytic

20 copper plating. Defects such as yellowing, abnormal 'deposition, and the like of
the plating occur if the electric current densiiy' for the electrolyﬁc copper platiﬁg is
increésed to about 4.0 A/dm?® for the purpose of forming the plated film within a
short period of tilile In the case of the electfolytic copper plating, therefore, it is
difficult to form a plated film of the same thickness as the electrolytic nickel

25 platmg in a short penod of tlme

In addltlon, a thermal-shock test (between -40°C for 30 minutes and +125°C
for 30 mmutes) was performed on samples having a side electrode of the same
thickness prepared with a layer of the electrolytically plated nickel, and a layer of

the electrqutically plated copper. No defect such as a crack, etc. occurred on any



P20881E 7 opposite to the first
surface of the electrically conductive polymer 11, and a _ ref erence
nuner al 12®2088LE second sub-el ectrode | d2ated on the same surface as the
second mai n el ectrode 12c, but independently fromthe second main el ectrode

12c. Each of the electrodes consists of a netallic foil such as
el ectrol ytiof thepflectrddd kamples formed with thet lagetl @fedlectrolyticall P platedsnickel g
of a layer of electrolytically plated ‘nickel, is disposed in such a

manner as upoawbservatiomvel pelished sections aftes woipletion of a 100-clelecanat ard5dal | y
conductive polyner 11, an edge portion of the first nain electrode
12a and t heyelecthetmeliishetk testedeln the casedof the samplesciormedcwithethe layer ofr st

mai n ‘el ectrode 12a and the second sub-el ectrode éZd. 10

second si delestalytically piased gonpet, hgweven 2 grack occurmeds g was &mve@ 8Red
n oKl ot oiohe CBneg B L hBp AR g SR e, SRS,
the electr il\ﬁgllrelo\//erc,orffj Ughs V8bserved that some of the samples show a complete
disconnection due to cracks after the 250-cycle thermal shock test..' |
The abové results suffice it to note that the side electrode 26 formed with the
layer of electrolytically plated nickel has such effects as shortening a

10 manufacturing time and improving reliability of connection.

SECOND EXEMPLARY EMBODIMENT
A method of manufacturing a chip PTC thermister in a second exemplary
émquiment of the present invention will be described next by referring to Fig. 5
15 and6. | - |
| Fig. 5(a) through 5(¢) and Fig. 6(a) through 6(d) are procedural drawings
showing the method of manufacturing the chip PTC thermister in the sécond
exemplary embodiment of this invention. _ |
An electﬁcally conductive polymer 31 (melting point: approx. 135°C) shown
26 in Fig. 5(a), in a sheet-form having a thickness of approximately 0.16 mm was
produced in the saine manner as in the first exemplary embodiment.
Next, an integrated sheet 33 shown in Fig. 5(d) was produced by overlaying
a metallic foil 32 shown in Fig. 5(b) comﬁosed of an electrolytic copper foil of |
approx. 80 pm on top and bottom of the electrically éonductive polymer 31, as
25 shown in Fig. 5(c) , and subjecting them to a thermal-compression molding for
approx. 1 minute at 140°C to 150°C in temperature, approx. 40 torr in degree of
vacuum , and approx. 50 kg/cmé in surface pressure.
The metallic foils 32 on the top and the bottom surfaces of the integrated

sheet 33 were etched by the photolithographic process to form a pattern as shown



pol ymer 11, an edge portion of the second main el ectrode 12c and the first
sub- el ectrode 12b, and to electrically connect the second main

el ectrode P2088IKl the 15 first sub-el edBrode 12b. Ref er ence
nuneral s 14a and 14b are a first protective coating and a second
protective coating in green color, both serving also as plating resist,
conposed ofinFig, 5(a)),l yester-based resin provided on outernost |ayers of the
first surface and the ~ second surface of the electrically conductive
pol ymer 11. | ncTleeshedt! 33, fommefli with the patictn, stascthermielly 3reated (ath208UC dad
side el ectrode 13b correspond to "electrode" A  defined in the clains, -
and t hey mdy5t@kioraappros: 20 mimutes)arandeitpwayiitradiated with apprex.oh@ Mrad of
si de surfaces of the PTCtérnrhs er, préNLinSide of the through- . _.

hol es of tﬁiﬂ%?q“obeadptmﬂlr eetipr beam irradiating appagiys;tp epmplete Cressrlinking

S 5L, SRR A 7 B AR e 6
pr gc"edu'r al WaﬁPW&%ed %ygtaéﬁlé% Iﬁéﬁl'ﬁ%é‘ %Ifg(ngi]cp% ﬂlﬁg#ﬁ%ttagr?%%ﬁg gfép&@C
therm ster guphes{d) Sh the sarfi&SHRhAEY a€ "MEOEFR Exdthplaly erhbYfRien? of this

invention.

| The chip PTC thermister 37 manufactured in the manner Ias described above -
- 10  has similar effects as those of the first exemplary embodiment of this invention.
That is, this exemplary embodiment can provide for tﬁe chip PTC thermister
“having superior reliability of connection , as it does not cause such a trouble as |
having a crack in a side electrode 36 composed of a layer of electrolytically piated
nickel, and a defect in formation of the side electrode 36, even if a protective
15  coating 35, also serving as plating resist, is formed upon’ consideration of a short

circuiting due to deviation in a position of soldering on a printed wiring board.

| THIRD EXEMPLARY EMBODIMENT
A chip PTC thermister and a method of manufacturing the same in a third
20 exemplary embodiment of this invention will be described next by referring to the
accompanying figures. Fig. 7(a) is a perspéctive view of the chip PTC thermister,
and Fig. 7(b) is a sectional view taken along a line B — B’ in Fig. 7(a), in the third
exemplary embodiment of this invention. |
A structure of the chip PTC thermister shown in Fig. 7(a) and 7(b) is the
25 same in principle with that of | the first exemplary embodiment. This exemplary
embodiment differs from the first exempléry embbdiment , in that a first and a
second protective coatings 44a and 44b, also serving as plating resist of green
color, provided on outermost layers of a first surface and a second surface of an

electrically conductive polymer-'41 are composed of epoxy based resin.



P20881E 8 First, a 42 weight %
of high density polyethylene (nelting point: approx. 135[err] O
having a cP2O88IB inity of 70 to 90 %, 4457 wei ght % carbon bl ack having a
nean particle diameter of 58 nmand a specific surface area of 38 nierr]/g,
manuf actured by furnace nmethod, and a 1 wei ght % of antioxidant were _
kneaded 5 forTlbanéthdd of nthice shivd t éxdmplary| dmbodimdmao dthio inpention nfarel y
170[err] C. The kneaded substance i-n a sheet-formwas taken out from
t he two- r omhanufacturingdherchip PTC therotistier avillybe: destuiheidvrexs diyyrederring tonkig.i ng
poi nt: approx. 135[err][C shown in Fig. ' 2(a), in a sheet-form having
a thi cknes§(@)ftha(plpglb§(‘i?@1d|1§/1809(@ thfﬁlléls%ﬂ)oduced. Next, a
metallic foil 22 shown in Fig. 2(b), was made fromelectrolytic 10_  copper
“foil of approx .Mapu%wgyng)mqqsﬁ%qfrtﬁwﬂmlﬁ%e{s}b@ésm%tr %ﬁ%ﬁgmﬁ as those o
.Next '+ %S h?ﬁé fi%s‘?i e'xré}n%qzruayt §nqb83111?£‘n Y\Qp 10 t]l1:é gl'ep2f£>1c']I }rrs\llﬁiatiﬁé _ 3 81%%&8}4 beam on
an integrated sheet. | |
Next , an upper surface and a lower surface of an integrated composite sheet
53 was screen-printed with green colored paste of epoxy base thermo-setting resin,
and a protective coating 54, also serving as plating resist, was formed by curing it -
10 (at 145°C to 150°C for approx. 10 minutes) in a curing oveﬂ, as shown in Fig.
9(a).
' Long slit openings 55 were then formed at reguleir intervals in the integrated
sheet 53, as shown in Fig. 9(b), by using a dicing machine, a milling machine, or
 the like, while cooling it with water. In the process of forming the openings 55,
15 predetermined portions were left uncut in a longitudinal direction of the openings
55. In the case of rinsing and drying it after the openings 55 were cut, the work
was carried out at such a temperature that a temperature of an electrically
~conductive polymer 51 does not rise beyond the melting point (135°C) of the
electrically conductive polymer 51. |
20 Then , a side electrode 56 comprising a layer of electrolytically plated nickel
in a thickness of approx. 15 um was formed , as shown in Fig. 9(c), on a portion of
the sheet 53, where the protective coating 54, also serving as plating resist, is not
formed, and on inner walls of the openings 55 by nickel plating in a sulfamic acid
nickel bath under a condition of an electric current density of 4 A/dm?, for about
25 30 minutes. |
| The sheet 53 of Fig. 9(c) was divided , thereafter, into individual pieces with
a dicing machine to complete a chip PTC thermister 57 sh_oW.n in Fig. 9(d).
An effect of the manufacturing method shown in this third exemplary

embodiment of the present invention will be described hereinafter.



overlaying one each of the netallic foil 22 on top and bottom of the
sheet-forned - electrically conductive polynmer 21, as shown in Fig.
2(c), and Pa088IBing themto a conmpbessi on nol ding for approx. 1
| nute under a condition of 140[err]C to 150[err]Cin 15 tenperature,
- approx. 20 torr in degree of vacuum and approx. 50 kg/cnferr] in

surface pressurfrst, there is a nectkéiey, fohthd Sire@ iedsed ashehit Bad ben ddseribed liy
treated (approx. 26 m nutes at 100[err]C to 115[err]C), it was

i rradi at edthe tfirstpexempladp énbddivhert eft this hewmtion, athat temperature oof them
irradi ating apparatus to conpl ete cress-1|inking of the hi gh density 20

pol yet hyl eelectrically conductivenpokyimer Shimmajatainedso esmnommtm medtjngar
intervals in the integrated sheet 23, as shown in Fig (a), by using
a di ci ng mpeintnel353C)iofi thegelestrigally, conductive polymencl ctmmge ﬂ&)@mpﬂjatqu

Port ﬁeméc”qs%é‘sfﬁrmﬁfesﬁﬁ%ff °¥f§%r{‘sgjefe2§pé’ £ 39 30 ar i i S0 2 fhe 585 ;ed
24. | 24 t, .1
work l"wiif%ﬁer‘f’g o0 el 6. ah i, SeREr The Bpasdtiietths she”
I

oot (S aupioaedy S FH ARl Qfﬁt?@%-ﬁ%*ﬁé@if%é&poﬁi‘%%%?@hmﬂ of

Next, an upBghedidd.ace and a lower surface of the sheet 23 provided with
t he

Next, an advantage of forming the protective coaﬁng 54, also serving as

10 plating resist, shown in Fig. 9(a), before c_ﬁtting the openings 55 shown in Fig.
' 9(b), will be described. | |

It becomes unnecessary to restrict material used for forming the protective

coating 54 , also serving as plating resist, to such a material that can be formed at

" a temperature below the melting point (135°C) of the electrically conductive

15 polymer 51, when the protective coating 54 serving as i)lating resist is formed

before cutting the openings- 55. Therefore, this gives an advantége that material

‘can be selected freely among a variety of generél resin materials -that can be

formed at about 150°C, according to characteristicsl necessary in respect of

adhesiveness, mechanical strength, and so on. Furthermore_; it can give such an

20  effect as to shorten a curing time and to improve adhesion by increasing a curing

| temperature to approx. 150°C for a material that can be formed at the curing

temperature of 130°C or below,.

| FOURTH EXEMPLARY EMBODIMENT
25 A method of a fourth exemplary embodiment of this invention for
manufacturing a chip PTC thermister will be described next by referring to Fig.
10(a) through 10(e) and Fig. 11(a) through 11(d). Manufacturing processes of
this exemplary embodiment are same as those of the second exemplary

embodiment, up to the step for irradiating electron beam on an integrated sheet.



P20881E ' 9 openi ngs 24 was

screen-printed with green col ored paSte of pol yester based
t her no- set PR2AZBIE:si n, except for an aredbsurroundi ng the opening 24, as.

shown in Fig. 3(b), and a protective coating 25 al so serving as .

pl ati ng resist was formed by o curing it (at 125[err]Cto 130[err]C for
~approx. 10 m nuAeadip i PT@ thermisterod2shownSin Fig. 11{@ewascoltaitedehe takingethe6

was formed, as shown in Fig. 3(c), on a portion of t he integrated

sheet 23, wimnefactoeingr steps tshownc imFigg126) dhsoughe 11 {d)gin shelsamienmanner as
resist is not formed, and on_inner surfaces of the openings 24. The side
‘el ectrode those of the thisd exemplaryrgmbodisnens|ofithis invemtéon.p| ating in a
t hi ckness of approx.. errlmin sul fam ¢ acid nickel bat nder a
condition of an eblprlg'!é&ctammﬁsero@@wfaﬁtuwdigt 6/ THANRET 3S quen%sa V80

t 23 L vi,ded reafter

S B e O of U
herm o g0, 300U et an o 1950 P ToNAN RS B}
the el ectriggallidr RARDBIGY S cOMecifh, 24 it 3069 ndRLMR fA a trouble as having a

crack in a side electrode 66 composed of a layer of electrolytically plated nickel,

and a defective formation of the side electrod_e, in that the side electrode 36 can
10 nbt be formed uniformly over an inner surface.of openings 65, even if a protective
coating, also serving as plating resist, is formed upon consideration of a short
circuiting, etc.. due to deviation in a position of soldering on a piinted wiring
board. |
In addition, it becomes unnecessary to restrict material used for forming the
15 protective coating 64, also serving as plating resist, to such a material that can be
formed at a temperature below the melting point (135°C) of an electrically
conductive polymer 51, when the protective coating 64 also serving as plating
resist is formed before cutting the 6penings 65. Therefore, this gives an
advantage that material can be selected freely among a variety of general resin
20 materials that can be fonhed at about 1.50°C, according to characteristics
necessary in respect of adhesion, mechanical strength, and so on. Furthermore, it
can give such an effect as to shorten a curing time and to improve adhesion by
increasing a curing temperature to approx. 150°C for a material that can be formed
at the curing temperature of 130°C or below. |
25 -
FIFTH EXEMPLARY EMBODIMENT
A method of a fifth exemplary embodiment of this invention for
manufacturing a chip PTC .thermistcr will be described next by referring to Fig.

12(a) through 12(d) and Fig. 13(a) through 13(d). Manufacturing processes of



15 as not to exceed the nelting point (135C) of the electrically

conductive pol yner 21 during the preparatory processes which include
t he steps P2088kEe fornmi ng of - thel@penings 24 shown in Fig. 3(a) to -
the formng of the side electrode 26 shown in Fig. 3(c), by adopting
the protective coating, also serving as plating resist, capabl e of

bei ng f or nehiisaexemptarpe eaibodimentiadret thorsanmsweas tthase tdfe thel firstgepeainplarf0

135[err]C of the electrically conductive pol yner. . I'n conparison
, a pr ot ectembodiment, up @othestepiordovining as openingnid.r esi st, was - forned

by screen-printing a resin paste of the ordinary epoxy based therno-setting
resin and curi fi¥ext & proteqtiyerqoptingo’J,58kser servingo as Jphing resigt,ngnd @asthern a
oven, in trll)i ) step of formning the protectivegﬁ:oat'ng 25, .al so . serving
as plating %tmgsqulgthgﬁmfor A3SKINgPYIPARS, Werer fermed |ag & Fapico Hmen WAL §ame
this case, in t.he step of f.or.nmng the si de el ectrode, 26. . :
vt Cop - ampdterinb by s eiopnBfife et Solpredapasts o sTLISHE AT hermpssctting
el ectrode : 3 hj py PT: el mhest e . . In
o o a Festnhah Werker, Sitface" iy ac oot SaPeRier b 4Ebeer A Bllovided wuith the.

P20881E openings 74 , and by curing it (at 195°C to 130°C for approx. 10 minutes) in a

curing oven, as shown in Fig. 13(b).
During this process , the protective coating 75, also serving as plating resist,
10 was formed on.a product part except for an area surrounding the 6pe1ﬁngs 74, and
the plating resist 76 for masking was formed 6n a area not usable f(;r the product
part of the sheet 73 with a contact point 79 for plating left intact.
Then, a side electrode 77 was formed, as shown in Fig. 13(c), on a portion of
the sheet ."'73, where the protective coating 75, also serving as plating resist, and the
15 plating resist 76 for masking are not formed, and on inner walls of the openings 74
by plating with nickel in a thickness of aﬁprox. 15 pm. | The nickel plating was |
made in a sulfamic acid nickel bath under a condition of an electric current density
of 4 A/dm?, for about 30 minutes. |
- The sheet 73 of Fig. 13(c) was divided,'.thereafter, into individual pieces with
20 adicing machine to complete a chip PTC thermister 78 shown in Fig. 13(d).
Described hereinafter is an effect of the plating resist 76 for masking.
Two kinds of samples were prepared for comparison purpose , wherein the
side electrode 77 was formed after forming the plating resist 76 for masking on the
'area not usable for the product part of the sheet 73, for one case, and the side
25 electrode 77 was formed without forming the plating resist 76 for masking in
another case. 50 samples were taken foi each of the groups, énd thickness of the
side electrodes 77 were measured by observing their sections. The results are
shown in Fig. 14(a) and 14(b). As it is obvious _fr'om Fig. 14(a) and 14(b), the

case where the plating resist 76 for masking was formed shows a smaller deviation



side el ectrodes 13a and 13b. Although nickel plating'is properly fornmed on

the mai n el ectrodes 12a, 12c, and the sub-el ectrodes 12b and 12d, the
sane ni ckelP20881E plating is for med onA§ partially on the electrically
conductive polyner 11. Therefore, the main el ectrodes 12a and 12c,

and the sub-el ectrodes .12b and 12d 5 has not connected both electrically
and physi can tickAésssof theaide elechode FAactThéra¢ason of thisis thhta tpresemickyof the
conductive polymer 11 is unable to keep an electrical conductivity - in
i ts surfacelathiyg tesist{%6 foximasking makesthe 2lectrid capentidensityl uniforrh @round an
sub- el ect rodes 12b and 12d, as being netal parts, keep high

el ectri cal atemofiiheiside 916CtIDd6§7 during thecplating proeasst he surface of the

electrically" conductlv y 11| nable o 10 i ntain, the electrlcal
ﬁonduct i vi ty, %‘Zﬁ! mg Yret?'é ﬁﬁlrﬁxémn chwbeéxm%t {lysdpvention cam prowide
terper &by &he chip B theduSirce xlﬁ%%ﬁé?étaﬁ% lz‘%%dﬁ{y hi eoBBg iy Hice it cae

11 to mor 2%% e‘{%e\ngrdﬁe“‘fk{@o@m Bifhpess of ! AEUFALYY fn RIS o P HRUE"
el ectrol yt oﬂh@{l'b?gihb?h ﬁl@rfﬁﬁﬂh%ehgﬂ érth&‘lrﬂ\iblfiée el ectrical 15
y I'S ere

conducti vi y giving ri o atr e of defective

formation of tMehe prote@iviCcdtitiipl 7R W0 Jetvint)ah ﬂﬁﬁng res1st and the Pl Assistt Wo
i mportant points described below i'n order to avoid foregoi ng
‘troubl e, arfg foe neasking nias beformdd/individaaty aitlo ﬂlﬂﬁMehﬂﬁmﬁiﬁlHJ | Hdweverng
10 positional relation can be established firmly between the protective coating 75, |
also serving as plating resist, and the plating resist 76 for masking, if they.are
.. formed at the same time with the same material as in the case of this fifth
exemplary embodiment of thé invention. This method can therefore offer an
effect of uniformalizing thickness of the side electrode further as compaied to the
15 case in which they are formed individually. Moreover, it also provides with an
effect of a cost reduction by reducing the manufacturiné steps, etc., since the
protective coating 75 and the plating résist 76 for masking can be formed with a
single step of printing.
Besides, although the polyester base thermo-sefting resin was used for the
20 protective coaﬁng 75 , also serving as plating resist, and the plating resist 76 for
masking, in the present exemplary embodiment, any other kind of epoxy based
resin may also be used, as it is superior in its properties of heat resistance,
chemical resistance, and adhesion, as described in the foregoing third and the
fourth exemplary embodiments.
25 |
As has been described, the method of the | present invention for
manufacturing the chip PTC thermister comprises the steps of : |
forming a sheet by sandwiching an upper surface and a lower surface of an

electrically conductive polymer having a PTC characteristic with metallic foils, on



the side el ectrode 26. 20 ' The first one is to use a protective

coating 25 serving as plating resist that can be forned at a
tenperatur 208818 to or |ess than the mdPting point of 135[err]C of

t.he electrically conductive polynmer 21. The second one is to
prevent tenperature of the electrically conductive pol yner 21 being

heated up thitha pitlen dofdrnied| afd Jitegrating them by ghexmalgonngression 2holdingps
fromthe form ng of the openings 24 through the conpleting the formation of
t he side el ect rprdeidifig an opening in thetintegratedishéet; e necessary to prevent the
tenperature of the electrically conductive {)oj ymer 21 from being
heated to the rformingyapeotective gosting,jatyo servingyaeplating regishron\an ppper and a
processing_tenperature .in anpy step .ofher than the step.. of form ng the
P20881E  lower surfaces of the shéet in which thq opening is pﬁqx@figéi ive coating 25,

al so Seé\/i ng asfoplln?r}gi an Eeséitr%tdb g)‘IJ Ceqegt?'olayti%r 8fa SilsgI ‘o1 the sheet on which the
protective coating serving also as plating resist is 'formcd; and

dividing the sheet, on which the electrode is formed, into individual pieces.

In addition, a material that can be formed at a temperature below a melting

_point of the électrically conductive polymer is used for a material of the protective
10  coating, serving also as plating resist.

Furthermore, a processing temperature is maintained in such a manner as not
to exceed the melting point of the electrically conductive polymef in each step of
the preparatory processes from the step of providing the opening in the integrated
sheet , up to the step of forming the electrode by electrolytic plating on the sheet,

15  on which the protective coating serving also as plating resist, is formed.

This manufacturing method does not cause a crack in thé electrode due to an -
effect of heat during formation of the protective coating, serving also as plating
resist, since the electrode is formed by plating only after the protective coating
serving also as plating resist is formed. R

20 Moreover, this method is able to form the electrode uniformly , since it
maintains an electrical conductivity on a surface of the electrically conductive
polymer, by way of controlling the processing temperature in such a manner as to
prevent polymer in the electrically conductive polymer from migréting toward a
surface of the electricaliy conductive polymer exposed on an inner surface of the

25 opening. As aresult, an effect capable of manufacturing the chip PTC thermister

having a superior reliability of connection can be obtained.

INDUSTRIAL APPLICABILITY

As has been described, a method of the present invention for manufacturing



tenperature when rinsing and drying it, and so on, after the dicing, for
t'he sane reason as described above. : Because of the above
reason, th®208818 exenplary enbodi nent @0 this 5 i nvention does not
cause a crack in the side electrode 26 conposed of a |ayer of

~electrolytically plated nickel , even if - the protective coating 25, also
serving. asa chip PPCathepgistes pgévides ahoctfeet ofp providiig demahufacturing: nsithod
circuiting due to deviation in - a position of soldering on a printed

circuit boafdhe chip PTC therfiister chawingg superéomraliability inacomectiop; atilow ¢cdst
chip PTC thernmister 10  having superior rqliabilit¥“of connection, as it
does not cxitheescellend massaproglugtivitys  Accordinglyyithg chip EFQdhermistercaa be

uniformy on the inner surface of the opehingé%éy ) . . An_advant gge
masAt figra variety ph

of the firysedgiiestyely ana8@YRIruIEmLprOteGLVE GlEPTIG
side elgctrode 26 with the layer of electrolytically plated nickel wll
be desc ibéﬂvﬁﬁﬁeinafter. 15 . First-of all, it requires approx. 30
mnutes with an electric current density of about 4.0 A/dnferr] in

order to formthe side electrode 26 in a thickness of 15 [err]min

the case of electrolytic nickel plating in the step of formng the side
el.ectrode. On the contrary, it requires nore than twi ce as | onger
time to approx. 80 minutes with an electric current density of
approx. 1.5 A/ldnferr] in the case of electrolytic 20 copper plating.

Def ects such as yel |l ow ng, abnormal deposition, and the |ike of t he
plating occur if the electric current density for the electrol ytic copper
plating is



I ncreased to about 4.0 A/dnferr] for the purpose 'c')f formng the plated film

within a short period of tinme. In the case of the electrolytic copper
plating, tPeos8iBe, it is difficukdl to forma plated filmof the sane
t hi ckness as the electrolytic nickel 25 plating in a short period of

tine. .+ I'n addition, a thermal-shock test (between -40[err]C for
30 m nut eSWl‘ﬂ&Tl@'i’lM]]l\@EDIS for 30 mnutes) was performed on sanpl es
having a side el ectrode of the sane t hi ckness prepared with a Iayer of
the electrolytically plated nickel, and a |ayer of t he

el ectrol ytically plated copper. No defect such as a crack, etc. occurred on
any = P2a8aAlmethod of manufacturing a chip PTC theppister compnfsmg\e

el ectrode sanples formed with the |ayer of electrolyticall y pl at ed ni ckel ,
upon obser vat i on 6}) fmmlgg@osh@@t:b}'@ﬂsqumg @BrHApSt Surfaee ap @d@wcsmfa&ﬂd a

250- cle ther shock jests. he cas he sa orrre W th
the | ayér an electrig ffmtela Pglqut lﬁﬁﬁpgi&t ﬁﬁm&n “Vithetallic'
- occurred, ?oﬂéNaﬁavmser Vepattern formed thereon and 1ntegrat1ng them by thermal-
compression molding; |
(2) providing an opening in said integrated sheét;
3) forining a protective coating, also serving as plating resist, on an
10  upper surface and a lower surface of said sheet provided with said _of)ening;
(4) forming an electrode by electrolytic plating on said sheet having said
protective coating, serving also as plating resist, formed thereon; and
(5) dividing said sheet having said electrode formed thereon into
individual pieces, wherein
15 - said protective coating, serving also as plating resist, is formed with a
material that can be formed at a 'te'mperature below a melting point of said
electrically conductive polymer, and
 a processing temperature is maintained in a manner not to ekceéd thc
melting point of said electrically conductive polymer in each step of pfeparatory
20 processes from the step of providing said opening in said integrated sheet, to the
step of forming said electrode by eléctroly’tic plating on said sheet having said

protective coating, serving also as plating resist, formed thereon.

2. A method of manufacturing a chip PTC thermister comprising:

25 . (1) forming a sheet by sandwiching an upper surface and a lowér surface
of an electrically conductive polymer having a PTC characteristic with metallic
foils, and integrating them by thermal-compression molding;

(2) forming a pattern by etching said metallic foils on an upper surface

and a lower surface of said integrated sheet; —_—

OO



5 polished sections after-a conpletlon of the 100-cycle thermal shock

test . Moreover, it was observed that sone of the sanples show a

conpl ete P20881iEsconnecti on due to cracR2 after the 250-cycl e thermal shock
test. _ The above results suffice it to note that the side-

el ectrode 26 formed with the . layer of electrolytically plated nickel
has such effects ¢3) plovidiagiantopening imsaidfshe¢tiiavigg therpattem formedthegon;
reliability of connection. . SECOND EXEMPLARY

EMBODI MENT (4) formingt & qiotective mdating, alsw serving @sFlatingaesisst en the a
second exenpl ary enbodi ment of the present invention wi|l be described
next by retpper ard the Jowgr serfaces ofisaid. sheet provided withgsaid opgning; ough 5(e)

and Fig. 6(a) through 6(d) ar proce draw ngs. sho t he nethod .
of manufacturing 2539&9“%8 AR ?‘Ffé‘i'qcﬁ Y@ ethIYWéP @n said w@ﬁg Vgx,gysalg |
enbodi nent _of this invent ndu<ft|ve pol ymer

31 (el B nBrHYe caﬂm%xser‘i@s[afm poplatingiesish Timed sherefs
he sams mnner a0} IYFRE TSl sRERL RV, Skl g SE Bimed m%é8f?“fﬂiﬁ "
i ntegrat ed;s ?‘9%1@%15&9%@%15' . 5(d)" was produced by overl ayi ng

netallic f0| own in 5(b) conposed of an el ectrolytic copper f0| I

of approx. 8#dl ﬁ{o‘tédﬁ‘fé”céétﬁlg’ﬂ%rmkt 818 Qs ﬁl'ﬁﬁn@' RSist, BafdrinedoRHUNChi ve
pol ynmer 31, as

material that can be formed at a ‘temperature below a melting point of said

10 electrlcally conductive polymer, and
| a processing temperature is maintz;ihed in a manner not to exceed the
" melting point of said electrically conductive polymer in each step of prepafatory
processes from the étep of providing said opening in said integrated sheet, to the
step of forming said electrode by electrolytic -plating on lsaid sheet having said

15  protective coating, serving also as plating resist, formed thereon.

3. A method of manufacturing a chip PTC thermister comprising;
- (1) forming a sheet by sandwiching an upper surface and a lower surface
of an electrically conductive polymer having a PTC characteristic with metallic
20 foils having' a pattern formed thereon, .-and integrating them by thermal-
compression forming; |
" (2) forming a protective coating, also serving as plating resist, on an
upper and a lower surface of said integrated sheet;
(3) providing an opening in said sheet having said protecﬁvé coating,
25 serving also as plating resist, formed thereon;
€] forming an electrode by electrolytic plating on said sheet provided
with said opening; and |

(5) dividing said sheet having said electrode formed thereon into

* [ L M s *

individual pieces, wherein




25 shown in Fig. 5(c) , and subjecting themto a thernal-conpression

mol di ng for approx. 1 mnute at 140[err]C to 150[err]Cin

t enper at ur ®20884E ox. 40 torr in degree @8 vacuum and approx. 50
kg/cnferr] in surface pressure. The netallic foils 32 on the top
and the bottom surfaces of the integrated ~ sheet 33 were etched by the

phot ol i t hogr aphi Ca?m&ﬁﬁng Qefperatarepiy heaintairweds ownmanner not to §32e88 ithe
13 in Fig. ' The sheet 33, forned with the pattern,

(e). _
was t her nalmelting qrointiof said1€le¢tricallg ¢conductive podginer i @€athrstepppf prepazatory -
mnutes), and it was irradiated with approx. 40 Mad of | el ectron beam
in an el ecprogessemfrom  thei stepngf Mpwidingssaid epsmingtia saidssheat rhavigg sid of

the high density polyethylene. A chip PTC thernister 37, shown in, Fi d)
was obt ai nPEOlE ﬁvamoagnaamwm @lschgs Plating ersfeafmleﬁg thereoRo i the, sgng o

2%12)_(1' 5 tfhrouah G(SdeCtﬁO%iﬁ’te‘?lgafnﬁl lcprle{mas the first exenplary

4. A method of manufacturing' a chip PTC thermister comprising the
steps of: ‘ |
(1) forming a sheet by sandwiching an upper surface and a lower surface
10 of an electrically conductive polymer having a PTC characteristic with metallic
foils, and integrating them by thermal-compression forming;
(2) forming a pattern by etching said metallic foils on an upper surface
and a lower surface of said integrated sheet;
(3) forming a protective coating, also serving as plating resist, on the
15  upper and the lower surfaces of said sheet having the pattern formed thereon;
(4) providing an opening in said.sheet having said protective coating,
serving also as plating resist, formed thereon;'
(5) forming an electrode by electrolytic plating on said sheet provided
with said opening; and
20 _ (6) dividing said sheet having said electrode formed thereon into
individual pieces, wherein
~ a processing temperéture is maintain_éd in a manner not to exceed the
melting point of said electrically conductive polymer in each step of preparatory
processes from the step of providing said opening in said sheet having said
25 protective coating, serving also as plaﬁng resist, formed thereon, to the step of

forming said electrode by electrolytic plating,.

5. The method of manufacturing a chip PTC thermister according to any

one of claim 1 through claim 4, wherein the step of forming said electrode by

* c L M s *




The chip PTC therm ster 37 manufactured in the manner as described above 10
has simlar effects as those of the first exenplary enbodi nent of this

i nvention. P20881FThat is, this exenpl ary2dnbodi nent can provide for the chip
RTC t herm ster havi ng superior reliability of connection, as it does
not cause such a trouble as having a crack in a side el ectrode 36

conposed oOfeletticlye phiting i8Warfed but by leJedttodyi¢ nickel phititigel , and a defect in
formati on of the” si de el ectrode 36, even if a protective 15 coat | ng 35,

al so serving as plating resist, is forned upon consideration of a short
circuiting due to deviation in a position of -soldering on a printed wring
boar d. 6. The method of mamufaeuringwrbiRP TG/Hewmisier according to any A
chip PTC therm ster and a nmethod of nanufacturing the sane_in a third 20
exenpl ary @ ¢laim lothrwgls CIamveﬁtfuﬁhex/\pompyémﬂe% addHipnad stepohetmeea theng

chip PT ¢ HleBPEdarming Saidfiicsraisd sRist g @é%@p%i&%&'&f@iéw :fqﬁr:gya
| nventi on. cléctrolyfle Pﬁt}ﬂ%z stid *_Eff‘l}h el sigp oy FORFRE R SIS I8 fonrdiing
bt Bikpds® S RopsPdia thk R-40 ?"eﬁnﬂé‘?‘?g o4t ol ol BEED Y

enbodi ment gor hBrédiftle. @ first and a second protective coatings 44a and-
44b, also serving as plating resist of green col or, provided on
outernost |ayers of a first surface and a second surface of an
electrically conductive polyner 41 are conposed of epoxy based resin.

10 7. The method of manufacturing a chip PTC thermister according to

claim 5 further coﬁ;prising an additional step between the step of forming said
integrated sheet and the step of forming said electrode by electrolytic plating , said
additional step for forming a plaﬁng resist for masking purpose on the upper and
the lower surfaces of said sheet in a portion not usable for a product.

s _ _

8. The method of manufacturing a chip PTC thermister according to
claim 6, wherein said plating resist for masking purpose to be formed on the upper
and the lower surfaces of said shéet is made at the same time said protective |
coating, serving also as plating resist, is formed. |

20 | |
9. The method of manufacturing a chip PTC thermister according to
claim 7, wherein said plating resist for masking purpose to be formed on the upper
-and the lower surfaces of said sheet is made at the same time said protective
coating, serving also as plating resist, is formed.
25 : p
| 10. The method of manufacturing a chiﬁ PTC thermister according to any
one of claim 1 through claim 4 , wherein the step of fdrming said sheet by
sandwiching the upper surface and the lower surface of said electrically

conductive polymér having a PTC characteristic with either of the metallic foils

* [4 L M s *




P20881E ' | 14 The met hod of the

third exenplary enbodi nent of this invention for manuf acturing the
chip PTC t p208818 er wi Il be described n@%t by referring to Fig. 8(a)
t.hrough 8(d) and Fig. 9(a) through 9(d). Manuf act uri ng processes

of this exenplary enbodiment are sanme as those of 5 the first exenplary
enbodi ment having! @ paers feiméd therevadaml g nidislliel fuils{ andbinteprating them byn

‘integrated sheet. Next, an upper surface and a | ower surface of
an i nt egr atletnmabgonspressioh esolding, is barmieabowtanmslen amedncatipmissuregr een col or ed
paste of epoxy base therno-setting resin, and a protective coating 54,
al so serving as plating resist, was forned by curing it 10 (at 145[err]C
to 150[err]C for afprox. 10 minutes) in a curing aven, as shown in Fig.
9(a). 11. The method of manufacturing a chip PTC thermister according to
5 claim 5, wherein the step of forming said sheet by sandwiching the upper surface
and the lower surface of said electrically conductive polymer having a PTC
characteristic with either of the metallic foils having a pattern formed thereon and
the - metallic foils, and integrating them by thermal-compression molding, is
carried out under a pressufe lower than an atmospheric pressure.
10
12. The method of manufacturing a chip PTC thermister according to
claim 10, wherein said pressure lower than the atmospheric pressure is equal to or

- lower than 40 torr.
15 13. The method of manu_facturing a chip PTC thermister according to

claim 11, wherein said pressure lower than the atmospheric pressure is equal to or

~ lower than 40 torr.

_
R I



Long slit openings 55 were then forrred at regular intervals in the

i ntegrated sheet 53, as shown in Fig. 9(b), by using a dicing nachine,
~a mlling PR088IE, or the |ike, whi2be cooling it with water. In the
process of forming the openings 55, 15 predeterm ned portions were |eft
uncut in a longitudinal direction of the openings 55. In the case of
rinsing and drying it after the openABSTRAQ@Ere cut, the work was
carried out at such a tenperature that a tenperature of an electrically
conductive polymer 51 does not rise beyond the melting point (135C) of the
electrically conductiv ymer 51. Then, a_ side el ectrode 56
corrprl sing a | ayeA metm(EQf mrytfa@tarmg pehipeBTH ﬂl@émlﬂef comprises @i pireR O of

ey
ot e npaﬁs{nm&mf’ gewde&‘ on ?ﬁ% e At aﬁ%i?war if Qﬂe drles%yun e
The sheet - SxbSfire-IateBxly Siol alptiReciphdiing of JHP chart 3n, dt KhEK) Shetvinect s
with Bréfebii00 cBE §ing sCOTRRE Rt 48 byl Grid RAiroLidhs 3F m@ogﬂae%r

Fig. 9(d). ect™ o manuf acturi ng nmet hod shown in t
third exenghiihg an elHUA & Ahe Oy éleetrBpRERS] ahﬂvcﬁﬂﬁhg th¥isheemtdesehipred

herei nafter.
The protective coat is made of a material applicable at a temperature equal to or
10 lower than the melting point of the lconductive polymer. The processing
temperatures at the step from the Step of making a hole part in the sheet to the pre-
processing step of the step of forming an electrode by electiopl_ating on the sheet

are not above the melting point of the conductive polymer.



P20881E : 15 First, there is a
necessity, for the sane reason as what has been described in the first
exenpl ary ®208RfiIBrent of this invention, 27hat tenperature of the

el ectrically conductive polynmer 51 is naintained so as not to exceed the
mel ting point (135[err]C) of the electrically conductive pol yner 51

duri ng t he Rufer@ice Naserals processes fromthe step of form ng the openi ngs
55 shown in Fig. 9(b) to the step of formng a side electrode 56
shown in Fi g11 9(Electridallyondastivepolymer i s to properly formthe side
el ectrode 56 that is an essential point to assure reliability of -
connection. 12a First mainslectrede advant age of forming the protective coating
54, also serving as 10 plating resist, shown in Fig. 9(a), before cutting
t he openi ngs128 drsshsuprelestgode 9(b), will be described. | t
becones unneiﬁss ta restrict terial used for formng the protective
coat i ng®54, %og"é"y MRRIBLleftIode o resist, to such a material that can be

formed at 12d Second sub-electrode
13a First side electrode
13b Second side electrode
14a First protective coating, also serving as plating resist ,
10 14b Second protective coating, also serving'.as plating resist
21 Electrically conductive pblymer : |
- 22 Metallic foil |
23 Integrated sheet
24 Opening
15 25 Protective coating, also serving as plating resist
26 Side electrode
31 Electrically conductive polymer
32 Metallic foil
| 33 Integrated shéet
20 34 Opening _
35 Protective coating, also serving as plating resist
36 Side electrode |
41 Electrically conductive polymer
422 First main electrode
25 42b  First sub-electrode
42¢ Second main electrode
42d  Second sub-electrode
 43a  First side electrode
43b Second side electrode



a térrperature bel ow the melting point (135 C) of the el ectrically
conductive 15 polyner 51, when the protective coating 54 serving as

pl ati ng r ePROB8IEs f or med * before cuBing the openings 55. Therefore,
this gives an advantage that materi al can be selected freely anong a
variety of general resin materials that can be formed at about

150[ err] C, ag4®r diird protectine aoatng,dlse servineas plagingresiss pect  of

adhesi veness, nechanical strength, and so on. Furthernore, it can give such
an 20 ef f ec#dlas Sexondqrotectizve coating, alsosexving as platingresishdhesi on by
increasing a_curing . tenperature to approx. 150[err]C for a materi al
that can be $br riél@cmcaﬂyecm&phge polymeenperature of 130[err]C or bel ow, .

- FOURTH EXEMPLARY ENMBQDI MENT 25 A nmethod of a fourth exenplary

enbodi ment 0P2t MMetaligdarli on for manuf acturing a chip PTC therm ster

wi |l be_describ next by referring to Fig. 10(a) through 10(e) and
Fig. 11%a) t#\”o gﬂ-“&)gf‘eﬁfanuf acturing processes of this exenplary
enbodi nment ag g S@"?lgﬁ? t hose of the second exenplary - enbodi ment, up to.
‘"the step for~rrr B ng el ectron beamon an integrated sheet.

55 Protective coating, also serving as plating resist

56 Side electrode

61 . Electrically conductive polymer
10 62 Metallic foil |
63 Integréted sheet
64 Opening |
65 Protective coating, also serving as plating resist
66 Side electrode
15 71 Electrically conductive polymer
72 Metallic foil
73 Integrated sheet
74 Opening
75 Protective coating, also ..seIVing as plating resist
20 76 Plating resist for masking
77 Side electrode
81 | Electrically conductive polymer
82a, 82b, 82c, 82d Electrode
83a,83b Through-hole
25 84a, 84b Electrically conductive member
91 Sheet | |
92 Metallic foil
93 Integrated sheet
94 Through-hole



P20881E - 16 : A chip PTC thermster

67 shown in Fig. 11(d) was obtained by taking the manuf acturing steps
shown in FPZO88IKE a) through 11(d) in th&9%same manner as t hose of the
t.hird exenplary enbodi nent of this invention. The chip PTC

therm ster 67 manufactured in the manner as described above 5 has
simlar effegfs Platddfibe of the third exenplary enbodi nent of this

i nvention. That is , this exenplary enbodi nent can provide a chip PTC
t herm ster h96i rigtched greoymeri or reliability of connection, as it does not
cause such a trouble as having a crack in a side electrode 66 conposed
of a layer oP7e9&ctCuwtipgiling |y pl ated nickel , and a defective
formati on of §hqgﬁjq§yéiﬁctrpde, in that the side electrode 36- can 10 not
be formed unP?orGhip thermistefer surface.of openings 65, even if a
protective coating, also serving as plating resist, is fornmed upon
consi de?ation of a short’ circuiting, etc. due to deviation in a

posi tion of soldering on a printed wiring board. In

addition, it becomes unnecessary to restrict material used for forming the



15 protective coating 64, also serving as plating resist, to such a

material that can be fornmed at a tenperature bel ow the nelting point
(135[err]C) of an electrically ~ corldliéti ve pol ymer 51, when the
protective coating 64 also serving as plating resist is formed before
cutting the openings 65. Therefore, this gives an advant age t hat

mat erial can be selected freely anong a variety of general resin 20

materials that can be fornmed at abo%béSO[ rr]C, according to :
t andhesi on, nechani cal strength,

characteristics . necessary inr
and so on. Furthernore, it can give such an effect as to shorten a
curing time and to inprove adhesi on by . increasing a curing tenperature
to approx. 150[err]C for a material that 4@ H4gor nmed at the curing
tenperature of 130[err] C or below. 25 ' FI FTH
EXEMPLARY ENMBODI MENT A net hod of ' iYth exenpl ary enbodi nent of
“this invention for AC NP NPT =TT Q“ be
descri bed next2by 3 RCON\RNAFi g. 13(a)
through 13(d). MNa 25 2N |

13b

13a

" FIG. 1B

12b 14a 12a 11

237 7 P 7 77 7 77

§§§§E§§!F!§!§!l;_ | _13a

13b

b it L L L

\

12¢c 140 12d




P20881E 17 this exenpl ary enbodi nent

are the sane as those of the first exenplary enbodi nent, up to the
step for form ng an opening 74. - 2/17 Next, a protective coating 75
al so serving as plating resist, and anot her plating resist 76 for

maski ng purpose were formed at the same time with same 5 material by
screen-printing green col ored paste of polyester base thernp-setting
resin on an upper surface and a | ower surface of a sheet 73 provided with
t he ﬁglég 7 and by curing it (at 125[err]C to 130[err]C for
approx. 10 m )2 a curi oven, as snown 1 rFo . 13(b).
During this process , the Prfotect fe coating 75, also sg ng as plating
resist, 10 was fornmed on a ct part except for an ea surroundi ng the
openi ngs 74, and the platpng resist 76 for nmaski was formed on a
area not usable for the prod part of the s t 73 with a contact
point 79 for plating left a side electrode 77 was
~formed, as shown in.Fig. 1 : the sheet 73, where
the protective coating 75, also serV|ng as plating resist, and the 15
plating resist 76 for masking are not forned, and on inner walls of the

openi ngs 74 _
FIG.2(b)

FIG.2(d) /ffgff Y .




by plating with nickel in a thickness of approx. 15 [err]m The nickel

pl ating was made in a sulfam c acid nickel bath under a condition of
an electric current density of 4 A/ttk{err], for about 30 m nutes.

The sheet 73 of Fig. 13(c) was divided, thereafter, into individual pieces
with 20 a dicing machine to conplete a chip PTC therm ster 78 shown in Fig.
13(d). Descri bed hereinafter is an effect of the plating resist
76 for masking. Two ki nds of sanples were prepared for

conpari son pur prG-ggasri n the 2dde el ectr2de 77 was formed after

- formng the plating resi 76 for maskyng on t he, area not usable for

t he product part of the sheet 73, .f-or ) /A Lde 25 el ectrode
77 was formed without form ng theé
anot her case. 50 sanples were

of the si de el ectrodes : /5‘.':{5:—"//%? g their sections.
The results are - shown A = AA"/ '//_—':h I s obvious from

- Fig. 14(a) and 14(b), the
was formed shows a snal
18 L




in thi ckness of the side el ectrode 77. The reason of this is that a

presence of 'the plating resist 76 for masking makes the electric
current density uniform around an 4/47ea of the side el ectrode 77
during the plating process. Accordingly, the fifth exenplary
enbodi ment of this invention can provide 5 the chip PTC therm ster
exhibiting stable reliability of connection, since it can reduce the
deviation in-thickness of the side el in addition to the effects
provi ded by the first to the fourth JgiééL y enbodlnents . The

protective coating 75, also serving as plating resist, and the plating

resi st 76 for masking may be forned individually with different
mat eri al s. However, a 10 p03|t|qaﬁi relafzgp can be established firmy
bet ween t he protectlve coating 75, | sp serving as plating resist, and
the plating resist 76 for masking, fornmed at the sane tine
with the sane material as in the ca . exenpl ary

effect

enbodi nent of t |nvent|on

of unlfornallzfﬂgb g ared to
the 15 i in t al so
provi des w :

manuf act uri ng s\ep : S o |75 and t he
plating resist 7 or nasklng can be forned Wit \ e step of

printing.
resin was used fo
resist, and the plE

Besi des, al though the pol yE
protectlve coatlno--»‘gb.

12c  14b 11 12d



maski ng, in the present exenplary enbodi nent, any other kind of epoxy based
resin may also be used, as it is superior in its properties of heat

resi st ance, chem cal resistance, éﬂb7adhesion, as described in the
f-oregoing third and the fourth exenplary enbodi ments. 25 As
has been described, the nethod of the present invention for

manuf acturing the chip PTC therm ster conprises the steps of:

form ng a sheet by sandw ching an upper surface and a | ower surface of an

el ectrically con i~ | ymer having a PTC characteristic with nmetallic
foils, on EFG-S&%E ' ' 19 whi ch

a pattern is fornmed, and integ fpr essi on nol di ng;
. providing an opening in the | formng a
protective coating, also sefving as plating resist /Z6n an upper and a -

| ower surfaces of the she# provi ded;

FIG.5(b)

32

-

32

FIG.5(d)




5 form ng an el ectrode by electrolytic plating on the sheet on which

t he protective coating serving also as plating resist is forned; and
di vi di ng the sheet, on which the electr®#8 is forned, into individual

pi eces. In addition, a material that can be fornmed at a
tenperature below a nelting poi nt of the electrically conductive
polymer is used for a material of the protective 10 coating, serving also
as plating resist. Furt herngre, a processing tenperature is
“maintained in such a nmanner as not 4'to éiéeed the nelting point of the

the preparatory

y in the integrated

el e olyti-c plating on
i A/ 3pl ating
/ﬁoes not cause a
during formation of

electricarly.conﬂmﬁgi ( ymer in eact
‘processes fromthe 35 provi di ng
sheet , up to the step of formng. tX/
t he sheet, 15 on which the p
resist, is forned.
crack in the el ectrode dug/to
the protective coating, Zervj resist, since the
el ectrode is fornmed by, ' 2/ pr AActi ve coating '
serving al so as platj . ’//’ Moreover, this nmethod is
able to formthe el gerrodeTmrformy—SiTce ~ maintains an electrica
conductivity on a surface of the electrically copgductive pol yner, by
way of controlling the processing @gperature in ch a manner as to '
prevent polynmer in the electricallyAconductive pflyner frommgrating
toward a sup. _@(b)he el g ud ve_polvmer exposed on an
e 2 peniAg. ;

i nner surface of t 5 q$§e of
manuf acturing the chip PTC liability of

—7 3
- 35 |
FIG.6(c) wd




| NDUSTRI AL APPLI CABI LI TY As has been described, a nethod of the
present invention for manufacturing . : P20881E

20 a chip PTC therm ster provides//&h effect of providing a

manuf act uri ng net hod of the chip PTC therm ster having superior
reliability in connection, at |ow cost wi th excel | ent '

mass- productivity. Accordingly, the chip PTC therm ster can be used
effectively as an over-current pr live element in a variety of
electronic 5 devices. (iffé ?A o

FIG. 7B

42b 44a 42a 41

\

43b_ = =y _-43a

TR N

42c  44b 42d

y -




P20881E : 21 .- WHAT IS CLAIMED | S:

1. A nethod of manufacturing a chip PTC therm ster conprising:

(1) form ng a sheet by sandwi ching an @#{pér surface and a | ower surface 5
of an electrically conductive polyner having a PTC characteristic with

metallic - foils having a pattern forned thereon, and integrating them
by thermal - conpr essi on nol di ng; (2) providing an
opening in said integrated sheet; (3) formng a protective

coat i ng, aLsoJ?fcgi plating resist, on an 10 upper surface and a
| ower surface Lgﬁgiiet provi géd wi'th said opening;

(4)
formng an electrode by electrolytic plating on said shé€t having said
protective coating, SS{ving al as plating resist, f d thereon; and
(5) dividing said she 1 ' said el ectrode forne hereon into .
I ndi vi dual pieces, wherein said pro tive coating, serving
al so as plating resist, i

S
formed wth a

-

FIG.8(c)

——51

e

FIG.8(d)

Y

B



material that can be formed at a tenperature below a nelting point of said
électrically conductive polymer, and a processing tenperature
i s maintained in a manner not to excee8/the nmelting point of said
el ectrically conductive polynmer in each step of preparatory-20 processes
fromthe step of providing said opening in said integrated sheet, to the
step of formng said electrode by electrolytic plating on said sheet having
sai d protective coating, serving also as plating resist, forned
t hereon. FIG. a). A mejhod of manufacturing a chip PTC thernister
conprising: 25 (1) f4rmng a sheet by sandwi chy
surface and a | ower surface , # 5 : ctive polyner
having a PTC characteristic d integrating them
i p . i ng a pattern by
etching said netallic fgfls o o& A Al X and a | ower surface of
said integrated sheet; _ 22




(3) providing an opening in said sheet having the pattern formed thereon;

- (4) formng a protective coating, also serving as plating resist, on the-
upper. and the | ower surfaces of said sA@E7 provi ded with said opening;

(-5) formng an el ectrode by electrolytic plating on said sheet having said
5 protective coating, serving also as plating resist, forned thereon; and
(6) dividing said sheet having said el ectrode forned thereon into

i ndi vi dual pieces, wherein said protective coating, serving
al so as platin%:rggigt ig formed wth a material that can be forned
at a tenperatu el- L_JD£Eablting pg#/Nt_of sard 10 erectrircAlly conductive

pol ynmer, and

manner not to exceed th
pol ymer in each step of pr
~providing said opening in s
form ng said el ectrode by 1d sheet having said 15
protective coating, servi 7 formed thereon.

3. A nmethod of manufacturing a chip PTC therm ster conprising:

(1) form ng a sheet by sandw ching an upper surface and a | ower surface

FIG.10(b)
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a procg#ssing tenperature is
ting point of said ele

tory processes fr
d integrated sheet, to
ectrolytic plating on

ained in a
ically conductive
Athe step of

e . step of

FIG.10(c)
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FIG.10(d)
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FIG.10(e)




of an electrically conductive polyner having a PTC characteristic with
netallic 20 foils having a pattern forned thereon, and integrating them

by thernal - conpr essi on formng; 11/17 ~(2) formng a
protective coating, also serving as plating resist, on an upper and a
| ower surface of said integrated sheet; (3) providing an
“opening in said sheet having said protective coating, 25 serving also as
plating resist, formed thereon; . (4) form ng an el ectrode by
electrolytic_platin sai d sheet provided wi th said opening; and
(5) dividin éi'lsﬁar) having said electrade forned thereon into
I ndi vi dual pieces, wherein _ P20881E ' 63
- 23 ' ' . a procesgs X d in a manner not

to exceed the

64
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mel ting point of said electrically conductlve pol ymer in each step of

pr epar at ory processes fromthe step of providing said opening in said
sheet having said protective coatil8fl7 serving also as plating resist,
f.or med thereon to the step of 5 formng said electrode-by electrolytic
pl ati ng. 4. A nethod of manufacturing a chip PTC therm ster
conprising the steps of : (1) formng a sheet by
sandwi chi ng an ce and a Iomer surface 10 of an electrically
conductive po|J#RE§ PTC cha al lic foils,

and integrating then1by t ernal-'onpre55|on f orm ng;
formng a pattern by ¢ ihlng sAMd netallic foils on 3
and a | ower surface of t egrat ed sheet;

protective coating, also sgrving as plating resi

/ (2)

upper surface
(3) formng a
on the 15 "upper and
fn formed thereon;
(4) providing an openin . : , .id protective coating,
serving also as plating Tesrst, Tor (5) formng
an electrode by electrolytic plating on said sheet provi ded with said
opening; and 20 (6) d|V|d|ng sai d sheet having said el ectrode -

forned t hereon FQG 1 2(b)

/fff/

.FIG.12(c)
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i ndi vi dual pieces, wherein . a processing tenperature is

- mpintained in a manner not to exceed the nmelting point of said

el ectrically conductive polyner in each3fk7ep of preparatory processes
fromthe step of providing said opening in said sheet having said 25
protective coating, serving also as plating resist, formed thereon, to the
step of formng said electrode by electrolytic plating.

5. The method of manufacturing a chip PTC therm ster according to any

one of cl ai m.rl. ér Z Al ai m4, wher'e"yq_ the yygep of formng said electrode
' IGods3ta) ™ ' -

by - 24 el ectrolytic
plating is carried out by electrolyt) cka’t 6.
' e v a
r, - — ‘V /

The net hod of manufacturing a




one of claim1 through claim4 further conpri sing an addi ti onal step
step of formng said integrated sheet and the step of

betmeen the 5

form ng said el ectrode by

step for formng a plating resist for nmasking

and the | ower surfaces of said sheet

product . 10

therm ster according to
bet ween the step of formng said
formng said electrode by electrolytic plating,

for formng a plating resDistfibutionkofiside etectrodenthiokises the

| ower surfaces of sa
8. The nmet hod of nman
claim6, wherein salngl

and tﬁag

time said protectlve

t he upper
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coating, serving also as plating resist, is forned. 25 - 10.
The met hod of manufacturing a chip PTC thermi ster according to any one
of claim1 through claim4 , wherein tA8/Btep of forning said sheet by
sandwi chi ng the upper surface and the | ower surface of said electrically
conductive polynmer having a PTC characteristic with either of the netallic
foils P20881E _ 25 havi ng a
pattern formed thereon and the I'1ic_foils, and integrating them by

t her mal - conpr essi on nol di ng, idEj Li@éﬁﬁ&t ﬂdﬂ?/&fteduced pressure.

11. The method of manufacturing a chip PTC therm ster according to 5
claim5 , wherein the step of forningzﬁ?id sheet by s%ndmﬁching t he upper

surface 8_2& 8
/ /
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and the | ower surface of said electrically conductive polynmer having a PTC
characteristic with either of the netallic foils having a pattern forned

tshereon and the metallic foils, an6/fi7tegrating them by

t-her mal - conpression nmolding, is  carried out under a pressure |ower
than an atnospheric pressure. 10 ~12. The nethod of

manuf acturing a chip PTC therm ster according to cl aim 10, wherein:
said pressure | ower than the atnospheric pressure is equal to or

| ower than 40 tol 13. The met hod of facturing a chip
PTC t herm ster aElGiJ'ﬁé(a) claim11, wherein Ugggressure | ower _

r than 40 torr.

t han t he at nospheric presij;j/ii/equu TO or
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