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Field of the Invention

5 The present invention relates to a chip positive temperature
“coefficient (hereinafter, PTC) thermistor comprising conductive polymers
“faving PTC properties.

Background of the Invention
10

PTC thermistors can be used as an overcurrent protection element.
‘When overcurrent is applied in an electric circuit, conductive polymers with
.PTC properties spontaneously emit heat and thermally expand to become a high
resistance, thereby lowering the current to a safe small-current level.

15 The following is a description of a conventional PTC thermistor.

The Japanese Patent Laid-Open Publication No. S61-10203 has
‘disclosed a PTC thermistor. This conventional PTC thermistor is constructed
such that, a plurality of conductive polymer sheets and metal foils are

. alternately laminated and drawing-out sections are provided on opposite side
20 faces.

Fig. 21 is a cross section of a conventional PTC thermistor.

Fig. 21 shows conductive polymer sheets 1a, 1b and 1c made with
cross-linked polymer materials such as polyethylene in which conductive
particles such as carbon black is mixed. Electrodes 2a, 2b, 2c and 2d made

25 with copper or nickel, sandwich the conductive polymer sheets 1a, 1b and 1c in
between them in such a manner that openings 3 are formed alternately on
opposite edges of the electrodes 2a, 2b, 2c and 2d. By layering these
electrodes 2a, 2b, 2c and 2d, and the conductive polymer sheet 1a, 1b and 1c
alternately, a laminate 4 is formed. On side faces of the laminate 4 are

30 drawing-out sections Sa and Sb which are electrically coupled with one end of

| each of the electrodes 2a, 2b, 2¢ and 2d.



PTC.properties spontaneously emt heat and thernmally expand to becone a

hi-gh resi stance, thereby lowering the current to a safe small-current
| evel . 15° The following is aZescri ption of a conventional PTC
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4 are 30 draw ng-out sections 5a and 5b which are electrically coupl ed
with one en@itiosection Sapapf bstweancths| dectrasdes 2bp2d and the drawingraut section

5b, and in some cases, triggered breaking of the connection. _
 {i] Furthermore, since drawing-out section 5a does not extend to the .
lowest point of the conductive polymer sheet 1c, it has failed to be used as a
“component for a surface mount assembly.
To address these issues, the drawing-out section 5a of another
conventional chip PTC thermistor has been extended to the lowest point of the
15 conductive polymer sheet 1c so that it can be mounted on a surface. Figs. 22
(2), (b) and (c) show cross sections of such PTC thefmistor respectively with a
- single laminate, a double laminate, and a triple laminate. Fig. 23 is a cross
section in which single laminate is mounted on lands 6a and 6b with solder 7a
and 7b. However, even with this construction which has surface mountability,
2 connecting point 9 of the electrode 2a and the drawing-out section 5a has
suffered degradation due to cracks, and in some cases, breaking of the
connection,
The present invention aims to address the foregoing problems by
‘providing a chip PTC thermistor which achieves a superior long-term
25  comnection reliability between electrodes and drawing-out sections, namely side

_electrodes, and is applicable to surface mounting.
Summary of the Invention

30 To achieve the foregoing objects, the Chip PTC thermistor of the

present invention comprises;



2 . However, in the case of the construction of the

conventional PTC therm stor, due to the considerably |large differences
in thermal .expansion coefficients Between the conponent materi al s: the
t heemal - expansi on coefficient of copper is 1.62 x 10[err]/ K nickel,
5.3 x 10[err] / K; and polyethylene, 5 approximately 5 x 10[err] / K whi ch
increases by 1 digit at and over 130 [err]C, _ nechani cal stress during
operation of the PaCat nestangilar parellebepipeeld condmwitive polymete avitign @TChe
connecti on _poi ntt.s between the el ectrodes 2a, 2c and the draw ng- out

section 5aPORY¥t ween the el ectrodes 2b, 2d and the drawi ng- out section

Sb, and in sone Cappg.fifst hﬂﬂﬁ@&tﬁ%ﬁ@%#ﬁ%ﬁ%’foﬂQ?ir%tofeli%?g(%ﬁ?bcq}]ﬁgcﬁve

Furthernore, since ‘draw ng-out section oes’ not _
| owest poi tpiolyhet;he conducti ve pol ymer sheet 1c, it has failed to be used

fhese i Ssucs. "t ne. B &dsgublalegexic Grpassd andaasadondly, but on dbesemeifaeial chi p
PTC therm Scfs%e!ﬁ?s'ie?@c@fﬁd@f(t ended to the | owest point of the
o d) a second main electrode disposed on a second face opposite the
first face of the conductive polymer;
e) a second sub electrode disposed independently, but on the same
10 face as the second main electrode;

f) a first side electrode folding around and over the entire surface of
one of side faces of the conductive polymer, the first side electrode electrically
coupling the first main electrode and the second sub electrode; and

g) a second side electrode folding around and over the entire surface

15 of the other side face, opposite the side face mentioned previously, of the
conductive polymer, the second side electrode electrically coupling the first sub
electrode and the second main electrode.

Wherein the first and second side electrodes comprise a nickel plating
layer or a nickel alloy plating layer whose thickness is not less than one

20 twentieth of the distance between the first and second main electrodes.
_ According to the foregoing construction of the chip PTC thermistor,
‘the side electrodes fold around to cover not only the entire surface on the side of
the conductive polymer but also to cover end surfaces of the main and sub
electrodes. As such, the side electrodes and the main and sub electrodes are
25  not linearly coupled but coupled with faces. Furthermore, the side electrodes
are made with nickel which has high mechanical strength and formed with a
plating layer of an even thickness equal to or thicker than one twentieth of the
distance between the first and second main electrodes. Thus, the PTC
thermistor of the present invention is surface mountable and shows a superior
30 -long-term connection reliability between the main and sub electrodes and the
side electrodes.



15 .conductive polyner sheet 1c so that it can be nmounted on a surface.

Figs. 22 (a), (b) and (c) show crogs sections of such PTC therm stor
respectively with a single lam nate, a double lam nate, and a triple

| antnate. Fig. 23 is a cross section in which single lamnate is
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this construction which has surface nmountability, 20 connecting point 9 of
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the ‘present | gAY £FQIbhASew sectioned at the A-A’ Tine of Fig. 1 (a).
' Fig. 2 (a)~(c) are flow diagrams showing manufacturing method of
the chip PTC thermistor.

Fig. 3 (a)~(e) are flow diagrams showing manufacturing method of
10 -the Chip PTC thermistor.

Fig. 4 is a sectional view showing cracks generated by a thermal
'shock test conducted on a sample with a single laminate whose side electrodes
are formed with a copper plate layer.

Fig. 5 is a sectional view showing cracks observed after a thermal

15 shock test conducted on a sample of a single laminate in which side electrodes
are disposed only on the side faces.

Fig. 6 is a graph showing connection reliabilities in a thermal shock
test conducted on samples comprising a single laminate whose side electrodes
‘have different thickness.

20 | Fig. 7 is a sectional view of a chip PTC thermistor in accordance with
a second preferred embodiment of the present invention.

Fig. 8 (a)~(c) are flow diagrams showing manufacturing method of
the chip PTC thermistor.

Fig. 9 (a)~(e) are flow diagrams showing manufacturing method of

25  the chip PTC thermistor.

Fig. 10 is a sectional view showing cracks generated by a thermal
shock test conducted on 2 sample of a double laminate whose side electrodes
are formed with copper plate.

Fig. 11 is a sectional view showing cracks generated by a thermal

30 shock test conducted on a sample with a double laminate in which side

electrodes are disposed only on the side faces.



3 . a) a rectangul ar parall el epi ped conductive pol yner
havi ng PTC properties; b) a first main el ectrode
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“a third preferred embodiment of the present invention.
Fig. 14 (a)~(c) are flow diagrams showing manufacturing method of
“the chip PTC thermistor.
Fig. 15 (a) and (b) are flow diagrams showing manufacturing method
of the chip PTC thermistor.

Fig. 16 (a)~(e) are flow diagrams showing manufacturing method of

the chip PTC thermistor. _

Fig. 17 is a sectional view showing cracks generated by a thermal
shock test conducted on a sample with a triple laminate whose side electrodes
are formed with copper plate.

Fig. 18 is a sectional view showing cracks generated by a thermal
shock test conducted on a sample of a triple laminate in which side electrodes
are disposed only on the side faces.

Fig. 19 is a graph showing connection reliabilities in a thermal shock
test conducted on samples comprising a triple laminate whose side electrodes
have different thickness. |

Fig. 20 (a) is a sectional view showing one sample with cracks
caused by a thermal shock test.

Fig, 20 (b) is a sectional view showing one sample with no cracks
caused by a thermal shock test. | |

Fig. 21 is a sectional view of a conventional PTC thermistor.

Fig. 22 (a) is a sectional view of a conventional PTC thermistor with
a single laminate made to be surface mountable.

Fig. 22 (b) is a sectional view of a conventional PTC thermistor with
a double laminate made to be surface mountable.

Fig. 22 (c) is a sectional view of a conventional PTC thermistor with

a triple laminate made to be surface mountable.

c)

as

d) a second nmain el ectrode di sposed on
first face of the conductive polyner;

face

g) a



15 _ of the other side face, opposite the side face nentioned previously, of
t he conductive polyner, the second side electrode electrically
coupling the first sub el ectrode dhd the second main el ectrode.
Wherein the first and second side el ectrodes conprise a nickel plating

| ayer or a nickel alloy plating |ayer whose thickness is not |ess than one
20 twentieth of the distance between the first and second nmai n el ectrodes.
According to the fRige2diing seotienal wiew showing the diip PTG tharmistor of Fig.

the side e ty odes, f.old around.to.cover not only the entire surface on the
si de ~of &E??}QOEBW&P&QB’@“E? I%’rt%ﬁ ‘{'al so to cover end surfaces of the
mai n and sub el ectrodes. As such, the side el ectrodes and the main and
sub el ectrodes are 25 not linearly coupled but coupled with faces.
Furthernore, the siddethited Deseaiption of the Preferted Bnibodiments! whi ch has hi gh
mechani cal strength and formed with a plating | ayer of an even

t hi ckneds equal to or thicker than one twentieth of the di st ance

bet ween the first . ' 4 odes. Thus, the PTC t herm st or
of the present inJgﬁﬁ?gﬁﬁggggggkﬁgg&%%%ﬁtabIe and shows a superior 30

| ong-term connection reliability between the main and sub el ectrodes and

t he si de el ectrodes. . . .
: The chip PTC thermistor of the first preferred embodiment of the

present invention is described hereinafter with reference to the accompanying
10  drawings. |

' Fig. 1 (a) is a perspective view of a chip PTC thermistor in
accordance with the first preferred embodiment of the present invention. Fig.

1 (b) is a sectional view sectioned along the A-A’ line of Fig. 1 (a).
In Figs. 1 (a) and 1 (b), a conductive polymer 11 is a rectangular
15  parallelepiped conductive polymer with PTC properties comprising a mixture of
a high density polyethylene which is a cfystalline polymer, and carbon black, a

conductive particle.

A first main electrode 12a is disposed on a first face of the

conductive polymer 11, and a first sub electrode 12b is disposed independently,
20 but on the same face as the first main electrode 12a.

A second main electrode 12c is disposed on a second face opposite
the first face of the conductive polymer 11, and a second sub electrode 12d is
-disposed independently, but on the same face as the second main electrode 12c.

Al the main and sub electrodes 12a, 12b, 12¢, and 12d comprise electrolytic
25  copper foil and the Iike,

A first side electrode 13a made with a nickel plating layer folds
around and over the entire surface of one of side faces of the conductive
polymer 1 extending to the end surfaces of the first main electrode 12a and the
second sub electrode 12d in such a manner that it electrically couples the first

30 main electrode 12a and the second sub electrode 12d .
A second side electrode 13b made with a nickel plating layer folds



4 Brief Description of the Draw ngs
Fig. 1 (a) is a perspective view of a chip PTC thermstor in 5 acc
with a first preferred enbodi nent of t hé present invention. _ _
Figs 1 (b) is a sectional view sectioned at the AAA" line of Fig. 1
Fi'g. 2 (a)~(c) are flow diagranms show ng nmanufacturing method of
chip PTC therm stor. Fig. 3 (a)~(e) are flow diagrans
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First and second protective coatings 14a and 14b comprising epoxy
“aérylic resins are formed on the outermost layer of the first and second faces of
the conductive polymer 11.

‘The manufacturing method of the chip PTC thermistor according to
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the first preferred embodiment of the present invention constructed in the |

foregoing manner, is described with reference to the accompanying drawings.
Figs. 2 () - (c) and Figs. 3 (a) - (e) are flow diagrams showing the
manufacturing method of the chip PTC thermistor in accordance with the first
‘preferred embodiment of the present invention.
~ Firstly, 42 wt% of high density polyethylene of the crystallinity of
70~90 %, 57 wt% of carbon black made by furnace method , of which average
‘particle diameter of 58nm and specific surface area of 38 m%*/g, and 1 wit% of
anti-oxidant, are mixed by a two roll mill heated at ‘approximately 170°C for
about 20 minutes. The mixture is taken out from the heated roll mill in a

- sheet-form to obtain a conductive polymer sheet 21 with a thickness of about

0.16 mm shown in Fig. 2 (a).

Subsequently, a pattern is formed on an electrolytic copper foil with a

- “thickness of approximately 80um by a metallic mold press to prepare an

2%

30

‘electrode 22 shown in Fig. 2 (b).

In Fig. 2 (b), grooves 26 are formed to provide gaps between the
main and sub electrodes so that they are separated from one another when the
conductive polymer sheet 21 is diced into independent elements in the
following process. Grooves 27 are formed to prevent sags and flashes of the
electrolytic copper foil from occurring during dicing by reducing the number of
the places on the electrolytic copper foil to be cut. Other functions of the

grooves 27 are to prevent the section of the electrolytic copper foil from being



are .di sposed only on the side faces. Fig. 6 is a graph

showi ng connection reliabilities in a thermal shock test conducted on
sanpl es conprising a single | am nate whose side el ectrodes have

di fferent thickness. 20 Fig. 7is a sectional viewof a chip
PTC therm stor in accordance with a second preferred enbodi nent of the
present invention. . Fig. 8 (a)-(c) are flow di ac?rams show ng
manuf act ur i ¢¥posed freom dre side fagenef thniegermm hyhdicingsanst thus oxidized, and to Fig. 9

(a)~(e) ar epr];‘lfé)ﬁ'f’sﬂi)ﬁ%ﬁr%% c%%% :b%ﬁegi{%ait ij[o:rgﬂ%rﬁet hod of 25 the chip PTC

t her nt st or. S M8 ew showi ng cracks

generated by a theggBéequently Sﬂfé‘?‘%ohﬁﬁétiv‘éogﬂ‘ﬁh&d shBetd 927! Ean@lyighadPubl e
f orned

| am nat e whose side el ectrodes .are wi th copper plate.

Fig. 11 i s between thenelectvides/ 22ras\showndn ik <2 (p)neThe danimgtedis theat-pressc shock

test conducted on a s le with a double | nat.e in which sjde
el ect r odes @r%vﬁmgggaé‘m y%?m Fanute B'Eeljfg?eé‘.nder a pressure °f5}5d kg/em?,
-and integrated to form a sheet 23 shown in Fig. 3 (a). The integrated sheet 23

'is heat-treated at 110-120°C for one hour and then irradiated by an electron
beam of approximately 40 Mrad in an electron beam radiator to cross-link high
density polyethylene.

10 Then, as Fig. 3 (b) sﬁows, narrow through-grooves 24 are formed at
predetermined intervals by dicing, such that some space is left to become the
" longitudinal length of desired chip PTC thermistors.

Subsequently, as Fig. 3 (c) shows, epoxy mixed-acrylic resin, which
is a combined-curing resins of ultraviolet curing and heat curing is screen

15 printed on the top and bottom faces, with the exception of the vicinity of the
through-grooves 24, of the sheet 23 with the through-grooves 24 formed therein.
In a UV curing oven the resins are cured temporarily one face at a time, then the
resins on both faces are cured fully at the same time in a heat curing oven to
form protective coatings 25.

20 In Fig. 3 (d) , the sections of the sheet 23 where the protective
"coatings are not formed and inner walls of the through-grooves 24 are coated
with a nickel plating layer of approximately 10 zm in thickness to form side
electrodes 28 in a nickel sulfamate bath undelr the current density of 4A/dm? for
about 20 minutes.

25 The sheet 23 in Fig. 3 (d) is then diced into independent elements to
form chip PTC thermistors 29 shown in Fig. 3 (e).

The chip PTC thermistors are protection components against a
overcurrent: its conductive polymer thermally expands when a overcurrent
flows, thus achieving a high resistance. When it is performing protective

30 operation, large mechanical stress is applied by the thermal expansion of the

conductive polymer. Repeated such protective operation may result in



5 . Fig. 12 is a graph showi ng connection reliabilities in
a thermal shock test conducted on _sanples conprising a double | amnate
whose side el ectrodes have differént thickness. Fig. 13
is.a sectional view of chip PTC therm stor in accordance with 5 a third
ptef erred enbodi nent of the present invention. Fig. 14
(a)~(c) are flow diagrams showi ng manufacturi an nmet hod of the chip PTC
t her mi st or degradation at the comegtingspeials @fdthebglegtredes. owItiereforgnsit sisowi ng
manuf act ur i n TC therm.stor. 10 Fi g.

16 (a) - (e)“&‘é“?’}tg B%Pé%gtﬁ% ﬂ@bﬂ A LIREFHO et hod o the chip

PTC therm stor.  The following is thEiréasodd why the SRitl160AIdeXi18W AnRCMINGReCT aCks
generated by a thermal. shock test conducted on a sanple with a triple
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Shock tast O Shbite duLes PSR footgrend SASEPLO BAHOrAaP TPl facks
el ectrodes yhe condifchive poRATGY AR Whi thei fhickndSs IsAfdtSess than one twentieth
“of the distance between the first and second main electrodes 12a and 12c.
To compare with the aforementioned chip PTC thermistor
manufactured by the method described in the first preferred embodiment of the

10 -present invention , and whose side electrodes 13a and 13b are made with a .
mickel plating layer of approximately 10 #m in thickness, a sample whose side
electrodes 13a and 13b are made with a copper plating layer which has been
effectively used in printed circuit boards, is prepared in the foliowing condition.

Strips of laminate are prepared by the method of the first preferred

15 embodiment of the present invention. Side faces of the laminate strips are
‘coated with a layer of coﬁper plating of 10 xm in thickness instead of a nickel
plating layer, by plating the strip in a copper sulfate plating bath for 40 minutes
under current density of 1.5A/dm®>. The laminate strips are then diced into
independent elements.

20 The following test is conducted to confirm the connection reliability
Eetwecn the side electrodes 13a, 13b and the main electrodes 12a, 12c and
between the side electrodes 13a, 13b and the sub electrodes 12b and 12d.

In this test, 20 elements each from the two kinds of samples whose
‘side electrodes 13a and 13b are coated respectively with a nickel plating layer

25 and a copper plating layer of 10 um in thickness, are mounted on a printed
circuit board. As an accelerated test for thermal expansion/shrinkage, a
thermal shock test is carried out until 250 cycles at a temperature of - 40°C for
30 minutes and at a temperature of 125°C for 30 minutes. After the 100th and
250th cycles, 10 elements each from the two samples are took out for

30 evaluation.

Each sample is ground and polished vertically against the side



Fig. 19 is a graph show ng connection reliabilities in a thermal shock
test conducted on sanples conprising a triple | amnate whose side

el ectrodes 20 have different thicknessi0 Fig. 20 (a) is a
sectional view showi ng one sanple with cracks caused by a thermnal
stfock test. Fig. 20 (b) is a sectional view show ng one
sanple with no cracks caused by a thermal shock test. 25

Fig. 21 is electsudesdial and la% ahd ¢he smtimtsiawabsdﬁéd tmehedksvvhether cracks ]
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6. 5 layer are free of any cracks even after 250 cycles. Whereas 10 out of 10
samples prepared for comparison with the side electrodes 13a and 13b made
“with a copper plating layer, suffer cracks before the 100th cycle, on the first side
electrode 13a at the connection between the first side electrode 13a and the first
main electrode 12a. (refer to Fig. 4)

10 Even when the thickness of the copper plating layer is increased to
twice that of the previous samples to 20 um , by plating the samples in a copper
sulfate bath for 80 minutes under a current density of 1.5A/dm? 10 out of 10
samples suffer cracks before the 100th cycle. All the cracks are observed at
the same place as the previous samples.

15 ~ 'To confirm the effects of the construction of the side electrodes 13a
and 13b which fold around and over the entire surface of the side faces
extending to the top and bottom faces , samples are prepared by forming the
side electrodes 13a and 13b with a nickel plating layer of 10 ym in th“ickness
only on the side faces, and the same thermal shock test is conducted. After the

20 test, the sections are observed in the same manner. As a result, 10 out of 10

- samples suffer cracks, before the 100th cycle, on the first main electrode 12a at
the connection between the first side electrode 13a and the first main electrode
12a. (refer to Fig. 5)

The reasons why the thickness of the side electrodes 13a and 13b is

25  set to be not less than one twentieth of the distance between the first and the
second main electrodes 12a and 12c is described below.

Samples whose side electrodes 13a and 13b are made with a nickel

‘plating layers of different thickness are prepared by the manufacturing method
of this embodiment. 10 elements each from the samples are used for the test.

30 Fig. 6 is a graph showing the connection reliability observed in the thermal
shock test carried out 250 cycles at a temperature of - 40°C for 30 minutes and



Fig. 23 is a sectional view showing the chip PTC therm stor of Fig. 22

(a) nounted on a printed circuit board, Detail ed
Description of the Preferred Enmbodi ment$ The first

praf erred enbodi nent The chip PTC therm stor of the first
preferred enbodi nent of the present invention is described hereinafter
with reference to the acconpanyi 10 draw ngs. Fig. 1 (a)
i s a perspdca topperature of 12\5 dhigr ﬁ%‘mlmﬁéﬁi nnéhe)samples Whosaétd@redmtmiew th the

Lt P LG ERR Wy RS RESBS AR LS 0 m, i ) 12

In Figs. 1 ﬁgi) and 1 (b), a conductive polymer 11 is a rectangular 15
paral | el epi ped conductive polymer with PTC properties conprising a m xture
of a hi gh derWhey thel thitkngsseof thai mickéls phating ylayet, | nameelpothgnside and

carbon bl agféctrodes 13a and 13b is 10 um or more, no cracks are formed. Thus, by
| | ‘making the thickness of the side electrodes 13a and 13b made with the nickel
“plating layer not less than one twentieth of the distance between the first and
second main electrodes 12a and 12c, the connection reliability is improved.
As thus far described , according to the first preferred embodiment of
10 the present invention, a surface mountable chip PTC thermistor which has a .
superior long term connection reliability between the main electrodes 12a and
12c¢ as well as the sub electrodes 12b and 12d, and the side electrodes 132 and
13b can be obtained.
No upper limit for the thickness is particularly specified. However,
15 ‘when considering the ease of mounting (for example the ease of suction) by
automatic mounting equipment , the dicing process into independent elements
“and the time needed for the plating process, the thickness of the nickel plating
Tayer is preferably not more than four twentieths of the distance between the
first and second main electrodes 12a and 12c.
20

The second preferred embodiment

The chip PTC thermistor of the second preferred embodiment of the
present invention is described hereinafter with reference to the accompanying
25 drawings. Fig. 7 is a sectional view of a Chip PTC thermistor in accordance
with the second preferred embodiment of the present invention.
In Fig. 7, a conductive polymer 41 having PTC properties is a
- rectangular parallelepiped conductive polymer comprising a mixture of a high-
density polyethylene which is a crystalline polymer, and carbon black, a
30 conductive particle.

A first main electrode 42a is disposed on a first face of the



conductive particle. A first main electrode 12a is di sposed
on a first face of the conductive ?olyner 11, and a first sub

el ectrode 12b is disposed independent|yl220 but on the same face as the
first main electrode 12a. A second nmain electrode 12c is
di'sposed on a second face opposite the first face of the conductive
pol ymer 11, and a second sub electrode 12d is di sposed i ndependently,
but on the eenductive pohgnerdl, aadwﬁxtstrmbﬁelettmnderltﬂimsmsposed indepehdérily, mai n
and sub el ectrodes 12a,.12b, %c and 12d co ise electrolytic 25 copper
foil and thg¥ tI‘?”Kﬁm same face as the first maiy, %‘itf%dleﬁael ectrode 13a nade with a

nickel plating |laye sEéBnglzmam ele@t"r@d@@ ikdd@if ({]'gn§956ﬂcffa%§r3ﬁg§%@f one

of side faces of the conductive

sur f dces of thehfirst facet oﬁrﬂlemtmﬂefmveoplﬂymlzlﬁ 4andnd lh%ecorhd s?ﬁél@?ﬁg%&l B2gliect r ode
12d in such_a nmanner, th .t electrica couples the firs mai n
el ectrode 198P ndepedientin mﬁ@néh@&m@é@emdhe second main electroda 42¢c ond

3' de el ectr agemnl 3R PR W DleBirbdeshitt mRARIVIN ¢ e%%iyt coéo%%er foil and the
‘Tike.
A first side electrode 43a made with a nickel plating layer folds
around and over entire surface of one of the side faces of the conductive
- 10 polymer 41 extending to the end surfaces of the first main electrode 42a and the
' second main electrode 42c in such a manner that it electrically couples the first
main electrode 42a and the second main electrode 42c.

A second side electrode 43b made with a nickel plating layer folds
around and over the entire surface of the other side face , opposite the first side

15 electrode 43a, of the conductive polymer 41, extending to the end surfaces of
the first sub electrode 42b and the second sub electrode 42d in such a manner
that it electrically couples the first sub electrode 42b and the second sub
electrode 42d.

First and second protective coatings 44a and 44b are made with

20 epoxy-mixed acrylic resins.

An internal main electrode 45a is disposed inside the conductive
polymer 41 in such a manner that it is parallel to the first main electrode 42a
and the second main electrode 42c,and electrically connected to the second side
electrode 43b.  An internal sub electrode 45b is disposed on the same plane but

25 independently from the internal main electrode 45a, and is electrically
connected to the first side electrode 43a,

The manufacturing method of the chip PTC thermistor according to
the second preferred embodiment of the present invention constructed in the
foregoing manner, is described with reference to the accompanying drawings.

30 Figs. 8 (a) - (c) and Figs. 9 (a) - (¢) are flow diagrams showing the
manufacturing method of the chip PTC thermistor in accordance with the



around and over the entire surface of the other side face, opposite the
first si.de el ectrode 13a, of the conductive polyner 11, extending to
the end surfaces of the second mailh el ectrode 12c and the first sub

el ectrode 12b in such a manner that it electrically couples the second
mai n el ectrode 12c and the first sub 5 electrode 12b. First
and second protective coatings l4a and 14b conprising epoxy acrylic
resi ns ar e steondprefamradrembodimentet the pyesentoiventeort.i r st and second faces of

t he conductive pol yner ,11. The.manuf acturi ng nef hod of the
chi poPTC ¢ her i S oA CBEBRINCROLYBen sheet FL ShOWR (M Fiter & 14 PESHIREA Holde of  t he
present in i : ' : ' ks d ri bed

N thref or Sudl BAufelas T WS Bt RN cmbodinnP 6P UMprERAA Shvenkbn 489" 5.
(c) and Fi gabsediuenily,-a gatfermiscfofmedvonian gicetmlytivaupper fdikof approximmasélyct ur i ng

met hod of the chip .PTC therm stqr. in agccordance with the fLrs )
preferréd &%ﬂé@pmpk%ﬁss e m@{aﬁtmqlamws Srmmgin clectrode 52 Shewnsin y, 42
wt % of hi ghngenrsi e g tad |1y - % 57
wt % of car rl;%lg brﬁs :@i %ée( %d@ﬂb gtr%geag;gl}trlﬁgﬁhgéé,ao?i Véfglila ch%a\%fé?cgé)g e 52 gI%art icle
di amet er offab@mnedalieraprly 48 showi ePip, & @R OA [3Mhindte s {Hea, infopeatdd by% of

&
anti-oxidant, are mxed by a twy _roll mﬁ? heat ed at approxi mately
170[ err] C fhs@t pressing to forni a sheet 53 shown in Fig. 9 (a).

As Figs. 9 (b) and (c) show, the same processes as in the first

10 preferred embodiment are followed, except for the process of forming a side .
electrode 56. This process is modified so that the thickness of the mickel
plating layer becomes one twentieth of the distance between the first and second
main electrodes 42a and 42c. In this process, the sheet is plated in a nickel
sulfamate bath for about 40 minutes under the current density of 4A/dm? to

15 form a nickel plating layer of 20 um in thickness. Figs. 9 (b) and (c) show
‘through-grooves 54 formed on the sheet 53 and protective coatings 55 formed
on the top and bottom faces of the sheet 53.

The sheet 53 in Fig. 9 (d) then is diced into independent elements to
form chip PTC thermistors 57 shown in Fig. 9 (e). -

20 The following is the reasons why the side electrodes 43a and 43b are
made with a nickel plating layer and folding around and over the entire surface
‘of the side face extending to the end surfaces of both top and bottom faces of
the conductive polymer , and why their thickness is not less than one twentieth
of the distance between the first and second main electrodes 42a and 42c.

25 To compare with the chip PTC thermistor manufactured by the
method described in this embodiment of the present invention whose side
electrodes 43a and 43b are made with a nickel plating layer of approximately 20
pm in thickness, a sample whose side electrodes 43a and 43b are made with a |
copper plating layer which has been practically used in printed circuit boards

30 production , is prepared by the following method. Strips of laminate are
prepared by the method of this embodiment of the present invention. Side



aboyt 20 mnutes. The mixture is taken out fromthe heated roll mll in a
20 sheet-formto obtain a conductive polynmer sheet 21 with a thickness of

about 0.16 mmshown in Fig. 2 (a).14 _ Subsequently, a
pattern is fornmed on an electrolytic copper foil with a t hi ckness of
approximately 80[err]mby a metallic nold press to prepare an

el ectrode 22 shown in Fig. 2 (b). 25 In Fig. 2 (b), grooves 26
are forned faceppbhtheldaminate stripseare p]\?ﬁd witr}: awoppandf gﬂb,tttﬂi ﬂi:l}iileﬂx%‘sssoht h?t
they are separated fr.om.one.anpother, when the conducti ve polymer shee
21 1 s-di ced F'ﬁ?@ 0? ﬁd@%@dﬁ%ﬂn&fa&ﬁﬁ k& Goppehanifate plating bagh feor &5) ayastes

G ooves 27 gider! Qi AchsYSYENLS Y e iaithall R are diBaCRlg0! V! C

copper foil tromoccurring”during dicing by reducing _ t he

pl ac€s on tindepémlent elewients. copper foil to be cut. Qt her functions of the

grooves 27 are to %evfeﬁt t he section of the electrolytic copper foil from
e fo

being 3 owing test is conducted to confirm the connegion reliability
~ between the side electrodes 43a, 43b and the main electrodes 42a, 42c and
‘between the side electrodes 43a, 43b and the side electrodes 42b, 42d.

In this test, 20 elements each from the two kinds of samples whose

side electrodes 43a and 43b are coated respectively with a nickel plating layer
10 and a copper plating layer of 20 ym in thickness, are mounted on a printed

circuit board. As an accelerated test for thermal expansion/shrinkage, a

thermal shock test is carried out up to 250 cycles at a temperature of - 40°C for

30 minutes and at a temperature of 125°C for 30 minutes. After the 100th and

250th cycles, 10 elements each from the two samples are took out for
15 ‘evaluation. |

Each sample is ground and polished vertically against the side
electrodes 43a and 43b and the sections are observed to check whether cracks
are generated at the junctions of side electrodes 43a, 43b with the main
electrodes 42a and 42b and with the sub electrodes 42b and 42d. As a result,

20  the samples whose side electrodes 43a and 43b are made with a nickel plating
layer, suffer no cracks even after 250 cycles. Whereas 10 out of 10 samples
prepared for comparison with the side electrodes 43a and 43b made with copper
plating layer, suffer cracks before the 100th cycle, on the first side electrode 43a
at the connection between the first side electrode 43a and the first main

25  electrode 42a. (refer to Fig. 10)

Even when the thickness of copper plating layer is increased to twice
that of the previous samples to 40 um, by plating the samples in a copper
sulfate bath for 160 minutes under a current density of 1.5A/dm?, 10 out of 10
samples suffer cracks before the 100th cycle. All the cracks are observed at

30 -the same place as the previous samples.

To confirm the effects of the construction of the side electrodes 43a



exposed fromthe side face of the elenent by dicing and thus oxidized, and
to prevent short circuit caused by sol dering during nounting.
Subsequently, the conductive polymer sheet 21 is sandw ched between the

el egctrodes 22 as shown in Fig. 2 (c). The lamnate is heat-pressed 5in
a-vacuum of 20 torr for one mnute at 175[err]C, under a.pressure of 75
kg/cnferr], and integrated to forma sheet 23 shown in Fig. 3 (a).
The i nt egr adneld 4§bewﬁnc28 fold aroundi andhewer tthe adndite emlrfhi:é) -df2 ee sideCfdoss one

hour and then irradi gb;éd bé‘tﬂaﬁ el ectron oé a I‘OXI mately 40
Mad in an CHERIRSHO S iAn Qt&mtfeceér,osgglnbwemrwre thessidg

pol yet hyl e - Fi (

t hr ough- grg%lv%tso g%ae apgr‘%r%bd e\ tﬁ?zﬂie eﬁth hgn ?el ﬁl}a gqﬁ?reggaqoowgi/ i ci ng,

such that shigknessand isge ldsposéd onBC oRhE fsﬁie faces. Thgamhedhexaall shogkh of
desired chip PTC therm stors. Subsequently, as Fig. 3 (c)

shows, &pox Sﬁﬁ%(ﬁ@na‘%ml)dﬂp@dr edVhen the gastions are observed &b AUBE JOANNGE r esi ns

g‘; dula:)[ ?\(;Im #@%e@gr’ﬁh&g Hﬁ{hﬁ% %g)a(@ecurg}ﬁg A0 f%ﬁﬁgg}ax gcga%@rcirhh'le irsP Tl 0P
t hr ough- gr 0@1&@&0@&42@ bt the %oﬁﬁ@@ion%%méﬂlﬂiefﬁrst side etetiode ‘433%113 4hé fifgred

t her ei n. In a W curlnﬂl oven the resins are cured tenporarily one
face at a tmain elepwade #2a before the 108th excler(rdfer to Figcth) are cured fully at

(e same 11Te 1 1 2 4igat it BYEG s ot i oHR RS Tak 0SIRRIO° 2
protectiye set to be not less than one twentieth of the distance between the first and the .
second main electrodes 42a and 42c is described below.

Samples whose side electrodes 43a and 43b are made with nickel
plating layers of different thickness are prepared by the manufacturing method
of this preferred embodiment of the present invention. 10 elements each from

15 the samples are used for the test. Fig. 12 is a graph showing the connection
reliability observed in the thermal shock test carried out at 250 cycles at a
temperature of - 40°C for 30 minutes and at a temperature of 125°C for 30
minutes on the samples whose side electrodes 43a and 43b have different
thicknesses of 5 um , 10 um, 15 xm, 20 #m, 30 um, 40 zm and 50 um. When

20 - the thickness of the nickel plating layer, namely the side electrodes 43a and 43b, -
is 20 u#m or more, no cracks are formed. Thus, by making the thickness of the
side electrodes 43a and 43b made with the nickel plating layer, not less than one

- twentieth of the distance between the first and second main electrodes 42a and
42c¢, the connection reliability is improved.

25 As thus far described , according to the second preferred embodiment
of the present invention, a surface mountable chip PTC thermistor having a long
term connection reliability between the side electrodes 43a, 43b and the main
electrodes 42a, 42¢ as well as the sub electrodes 42b, 42d can be obtained even
when it is formed such that the conductive polymer and the metallic foil are

30 alternately laminated in order to increase the current-carrying capacity while

reducing the size.



coatings are not forned and inner walls of the through-grooves 24 are

coat ed with a nickel plating Lﬁ%er of approximately 10 [err]min

t hi ckness to form side el ectr s 28 in a nickel sulfamte bath
under the current density of 4Adnierr] for about 20 m nutes. 25
The sheet 23 in Fig. 3 (d) is then diced into independent elenents to
formchip PTC therm stors 29 shown in Fig. 3 (e). The
chi p PTC therni st Diosupper lpnitt foc tthe thickagss e particatmlynsgecified. However,
overcurrent: its ¢onductive polyner thermally expands when a oyercurrent
flows, thu¥hemrousideringtheicgac PEMNIDHRS stormarple Bueseaﬁ% pf é\l%i(WS%ﬂr?é't ective
30 operat)} -Ar c | re ' | 1edh. t t. pansi on
of the dlﬁ&naégn]glﬁc. "\gaﬁ)ﬁ%ﬁ ? ﬁ%p?ggcggys%fg%l&g}f(%t@% il\t}gé pgre g i on may

resul t in elements and the time needed for the plating process, the thickness of the nickel
degradation at the connecting points of the electrodes. Therefore, it is
5 plating layer is preferably not more than four twentieths of the distance between :

the first and second main electrodes.
The third preferred embodiment

10 The chip PTC thermistor of the third preferred embodiment of the .

' present invention is described hereinafter with reference to the accompanying
drawings. Fig. 13 is a sectional view of a chip PTC thermistor in accordance
with the third preferred embodiment of the present invention.

In Fig. 13, a conductive polymer 61 having PTC properties is a

15 rectangular parallelepiped conductive polymer comprising a mixture of a high

.' density polyethylene which is a crystalline polymer, and carbon black, a
conductive particle.

A first main electrode 62a is located on a first face of the conductive
‘polymer 61, and a first sub electrode 62b is disposed independently, but on the

20  same face as the first main electrode 62a.

A second main electrode 62c is located on a second face opposite the
first face of the conductive polymer 61, and a second sub electrode 62d is
disposed independently, but on the same face as the second main electrode 62c.
All the main and sub electrodes are made with electrolytic copper foil.

25 A first side electrode 63a made with a nickel plating layer is disposed
‘such that it folds around and over the entire surface of one of the side faces of
the conductive polymer 61 extending to the end surfaces of the first main
electrode 62a and the second sub electrode 62d in such a manner that it
electrically couples the first main electrode 62a and the second sub electrode

3 62d.

A second side electrode 63b made with a nickel plating layer, folds



I npQrtant to obtain a long-termreliability in connections.

The following is the reasons why the side el ectrodes 13a and 13b are

made with a nickel plating |ayer and folding around and over the entire
surkface 5 of the side faces extending to the end surfaces of both top and
bottom f aces of t he conductive polyner, and why their thickness is not
| ess than one twentieth of the distance between the first and second
mai n el ect r awpynd and oved theentire surface of the othef side dapnoppositethe fiest side

[ ' ' f d. b h t had
Gescribed | FEFHOs b3 ol (e SPBRv Gty embumeHBhEXmdiTEobe pd éﬁg&?esiql%mt on |
B’ ] | ating
ayer of apir i et oay 52p ad AR seoid Hidin ol e h sugh Bablipt

el ectTodes lt3deciricallBtouples thedirsvéuibrelectestensab mdihengchmy Alainbieglioi@s been
effectively ﬁlsed in printed circuit boards, is prepared in the follow ng
condi ti oh. 6Zc. Strips of lamnate are prepared by the nethod of

the 1 am nat e stri pdiar end SOhTaRy vt OaRRET B 40l B B maae Sy 1o
[err] min tepadyaniged aavhiesesids, a ni ckel plating layer, by plating the
strip in a copper sulfate plating bath for 40 m nutes under current

density of 1.5A/ dnjfeifirst intenmal| mainreleairader65asis lisposed insidethe: ¢omidnctive
cont | 7m ¢ nePSUTIEAT i Sheh o pppmerythat 18 pabed Yo e Eptiand seicmnchimede 104,
13b andi¢ heelepiroded 62 fntd! 63c,dnd elekfifcafly Connecte® ¥ WRERedoll stddiElebi64d r 0des
13a, 13b and_the sub el ectrodes .12b and 12d.
6 A first internal sub electrode 65b is disposed on the same plane but
independently from the first internal main electrode 65a, and is electrically
connected to the first side electrode 63a.

A second internal main electrode 65c¢ is disposed inside the

15  conductive polymer 61 in such a manner that it is parallel to the first main
electrode 62a and the second main electrode 62c,and electrically connected to
the first side electrode 63a. A second internal sub electrode 65d is disposed on
the same plane but independently from the second internal main electrode 65c,
and is electrically connected to the second side electrode 63b.

20 The manufacturing method of the chip PTC thermistor according to
the third preferred embodiment of the present invention is described with
reference to the accompanying drawings.

Figs. 14 (2) - (c), Figs. 15 (2) and (b), and Figs. 9 (a) - (e) are flow
‘'diagrams showing the manufacturing method of the third preferred embodiment

25 ~of the present invention, '

A conductive polymer sheet 71 shown in Fig . 14 (a) is prepared in
the same manner as in the first preferred embodiment of the present invention,
and subsequently, a pattern is formed on an electrolytic copper foil of
approximately 80um in thickness by a metallic mold press to form an electrode

30 72 shown in Fig. 14 (b). '

As Fig. 14 (c) shows, the conductive polymer sheet 71 is sandwiched



In this test, 20 elenents each fromthe two kinds of sanples whose
si‘de el ectrodes 13a and 13b are coated respectively with a nickel plating
| ayer 25 and a copper plating layer @8 10 [err]min thickness, are

nouat ed on a printed circuit board. As an accelerated test for therma
eXpansi on/ shri nkage, a thermal shock test is carried out until 250
cycles at a tenperature of - 40[err]C for 30 mnutes and at a

t enper at ur betweef ABfoepiebes b theBlenirodés32. A‘Fhe ﬂamhatelﬁﬁlztﬁenaimlfbgratgg B350t h
cycles, 10 _elements each fromthe two sanples are took out for

eval uat i onheat pressing to form a sheeh 73 shows 1n 5igydddal and pol i shed vertically
agai nst the side

el ectrodes 13a an(ﬁiﬂ)g'a%sd (?%ah%"g%’t? g}{? %l}egt Zésiérwgwé%hegh‘é%‘i%’eﬁﬂ@r%?gr

cracks  “conditivenpilpnerskdets ied Henchy owe piécesiofahecRetroasey2 53ahatl3b with
the main . el ectrodes 12a and 12b and with the sub el ectrodes 12b and

12d. As5a thsselectrodes 72tase dispasedonthes eutcrmestelayersr ofithe l@ninated TIgb are
made with gl g6l & ltﬁ‘érli licht pressed to obtain a second sheet 74 shown in Fig. 16 (a).
As Figs. 16 (b) and (c) show, the same processes as the first preferred
embodiment are followed, except for the process of forming a side electrode 77.
This process is modified so that the thickness of the nickel plating layer
10 becomes one twentieth of the distance between the first and second main
electrodes 62a and 62c. To obtain the nickel plating layer of that thickness, in
this process, the laminate is plated in a nickel sulfamate bath for about 70
minutes under the current density of 4A/dm? and the nickel plating layer of 35
| p#m in thickness is formed. Figs. 16 (b) and (c) show through-grooves 75
15 formed on the second sheet 74 and protective coatings 76 formed on the top and
bottom faces of the second sheet 74,
The second sheet 74 shown in Fig. 16 (d) is then diced info
independent elements to obtain chip PTC thermistors 78 shown in Fig. 16 (¢).
The following is the reasons why the side electrodes 63a and 63b are
20 made with a nickel plating layer and folding around and over the entire surface
of the side faces extending to the end surfaces of both top and bottom faces of
the conductive polymer , and why their thickness is not less than one twentieth
of the distance between the first and second main electrodes 62a and 62c.
To compare with the chip PTC thermistor manufactured by the
25 method described in this preferred embodiment of the present invention whose
. side electrodes 63a and 63b are made with a nickel plating layer of
approximately 35 zm in thickness, a sample whose side electrodes 63a and 63b
are made with a copper plating layer which has been practically used in printed
circuit boards , is prepared in the following method. Strips of laminate are
30 prepared by the method of the third preferred embodiment of the present

invention. Side faces of the laminate strips are platted with copper of



5 layer are free of any cracks even after 250 cycles. Wereas 10 out of 10
sanpl es prepared for conparison with the side electrodes 13a and 13b nade
with a copper plating layer, suffer cratks before the 100th cycle, on the
first side el ectrode 13a at the connection between the first side
el’ectrode 13a and the first mai n el ectrode 12a. (refer to Fig. 4) 10
Even when the thickness of the copper plating layer is increased to

twi ce that appreximatelg\3Soum imtiitlarss instéad ef a Inickel iplathigalayery byhplatingpl es in
a copper sul fate bath f 8Q minutes_ u r acurrent density of

1. 5A/ dnf er rift® SHIPsJf2 6pPPes sulfate plakng Eét%sﬁ?f 325 TNy eR nger ewrEentiiensityt h
cycle. Al Sd{psgy‘ﬁ.ﬁks are observed at the sanme place as the previous
sanples. 1 ’ ) To confirmthe effects of the construction.of the

si de ‘el ectrodes 13The followiit fesbisévnducied! td condigmdtha wdnavctiont fediabidity r €
surface of ..the side faces extending to the top and bottom faces ,

ace

sanpl es 3ar dbgtweem thaisidy alestradey 63pand 630 anditheemain elsgsades3t2ammed 620 with a
ni ckel pl at,}, r r I, thickness only on the side faces,
and the samgr’%@ elgé%%q%sk?étﬁmsdzgmduct ed. After the 20 test, the
sections are obser fighis tedth20 SietRentR RAEH frofs tike tv06 Kinds dﬂsﬁkﬁle@ﬁwh%@e

sanpl es suffer cracks, before the 100th cycle, on the first main el ectrode
12a at side elestrades 630 ané &3hean contedirespectivelyewish acaickelplating dayert he

L2 SR o e b 355 o P, s mapied g pgriti e (o
be not -jees scitdui beaR].t WAR! aR't deceferitte (56185 ARerafll VENsIdR/ shitnkhgand t he
‘thermal shock test is carried out up to 250 cycles at a temperature of - 40°C for
30 minutes and at a temperature of 125°C for 30 minutes. After the 100th and
1250th cycles, 10 elements each from the two samples are took out for
evaluation.

15 Each sample is ground and polished vertically against the side
electrodes 63a and 63b and the sections are observed to check whether cracks
are generated at the junctions of side electrodes 63a, 63b with the main
electrodes 62a, 62c and with the sub electrodes 62b and 62d. As a result, the
samples whose side electrodes 63a and 63b are made with a nickel plating layer,

20 are free of any cracks even after 250 cycles. Whereas 10 out of 10 samples
prepared for comparison with the side electrodes 63a and 63b made with copper
plating layer, suffer cracks before the 100th cycle, on the first side electrode 63a
at the connection between the first side electrode 63a and the first side electrode
63a, (refer to Fig. 17)

25 Even when the thickness of copper plating layer is increased to twice
that of the previous samples to 70 um, by plating the samples in a copper
sulfate bath for 280 minutes under a current density of 1.5A/dm?, 10 out of 10
samples suffer cracks before the 100th cycle. All the cracks are observed at
the same place as the previous sampies.

30 To confirm the effects of the construction of the side electrodes 63a

and 63b which fold around and over the entire surface of the side faces



second nain el ectrodes 12a and 12c is described bel ow. _
Sanpl es whose side el ectrodes 13a and 13b are nade wi.th a nickel
plating layers of different thickness agge prepared by the manufacturing

met hod of this enbodinent. 10 el enents each fromthe sanples are used
for the test. 30 Fig. 6 is a graph showing the connection reliability
observed in the thermal shock test carried out 250 cycles at a

of o5 er 1 Tttpnsing do e bt 6 01D B BRBH{ foces . samples wehrsBub8 B ) 5,
and 13b havorshidgd ﬁre@ide é]l&bﬁhd&s&ﬁsarﬂM% Withrg ﬂiﬁbkélcplﬁtﬁigi 1 6634 ghd fgn 20

[err]m and_30 [err Wien the thickness of the nickel
pl ating 1 aylickngsmenly am Csﬁl@%f@CS,eﬂndct‘hp@G@@ thermal shodlgtest is comdueted] m or

R T R T L
than ong tvwaitt bEUN SdmpRS sHffel A1acksOBEMRE thé MO0 cyEled™A the first main
electrode 62a at the connection between the first side electrode 63a and the first
main electrode 62a. (refer to Fig. 18) _

The reasons why the thickness of the side electrodes 63a and 63b is
set to be not less than one twentieth of the distance between the first and the

10  second main electrodes 62a and 62c is described below.

Samples whose side electrodes 63a and 63b are made with nickel
plating layers of different thickness are prepared by the manufacturing method
the same as this preferred embodiment of the present invention. 10 units each
from the samples are used for the test.

15 Fig. 19 is a graph showing the connection reliability observed in the

~ thermal shock test carried out up to 250 cycles at a temperature of - 40°C for 30
minutes and at a temperature of 125°C for 30 minutes on the samples whose

-+ side electrodes 63a and 63b have different thicknesses of 5 um , 10 gm, 15 um,
20 #m, 30 zm, 40 um, and 50 gzm.

20 When the thickness of the nickel plating layer, namely the side
electrodes 63a and 63b is 30 um or more, no cracks are formed. Thus, by
making the thickness of the side electrodes 63a and 635 made with the nickel
plating layer not less than one twentieth of the distance between the first and
second main electrodes 12a and 12¢, the connection reliability is improved.

25 Figs. 20 (a) and (b) are sectional views showing examples of triple
laminate samples respectively with cracks (thickness of the nickel plating layer

- 20 pm) and without cracks (thickness of the nickel plating layer 40 um)
observed after the thermal shock test. _

Figs. 20 (a) and (b) show solder fillets 91a and 91b, lands 92a and

30 92b on the printed circuit board and side electrodes 93a and 93b made with a
nickel plating layer of 20 x«m in thickness. The reference numeral 94 indicates



second main el ectrodes 12a and 12c, the connection reliability is inproved.
As thus far described, according to the first preferred embodi nent of 10
the present invention, a surface nmountajl e chip PTC therm stor which has a
superior long termconnection reliability between the main el ectrodes 12a

and 12c as well as the sub electrodes 12b and 12d, and the side
el ectrodes 13a and 13b can be obt ai ned. WhNo upperdl i mt
for the thi ' i I LELeq en consi dering
t he ease oftﬁﬁnﬁﬁ?ﬁgﬂgﬁga&%a%l o‘?s?r&gﬁ ggggﬁgftﬁgﬁ@!%%lg%?t' automati c

mountrng equi pnent Sidetelextxbdes OFa pnd ©Sbare madeidfgheﬁela@l%lhti@% BN b8 40 and
the tinme needed for the plating process, the thickness of the nickel
plating H#minhickness.oref erably not nore than four twentieths of the

di st dance between t . W $l.an cond pmin el ectrodes.12a and 12c. 20
The second prefer r}é}g F%%Od{dggglbw@, l% thE CA5E of Tie'sa %W&Wﬁ nﬁ"glké?f’ﬁé‘?‘&l stor of
the secgnd lpyeafier thi aadhadier® Riackt, tHeepart of MECSEs ldcroaBt9ITANméat MEscr i bed

hereinafter with reference to the acconpanying 25 drawings. Fig. 7/ is a
sectional FrEgdbrirguitthosrdicwapedhogtveardi nThe caanskaof dhe warpyis tthemnid second

2;‘;252[ ?S e-%%ggw gggﬁﬁﬂﬁﬁ&gﬁgﬁl&t@mﬁﬁﬁ] t@'g(?q?g during soldering or shr%xﬂcalgeg' hoa
stress applied when the solder solidifies. Due to the outward warping of the
side electrode 93a, stress applied during the thermal shock test focuses on the

10 second internal layer main electrode 65¢ which is coupled to the warping part, .

triggering the cracks.
In the case of the sample with a thicker nickel plating shown in Fig,
20 (b), the side electrode 95a is not warped by the thermal expansion of the
conductive polymer or the shrinkage stress applied by the solidification of the
15 soldering. Thus, the stress does not focus on the second internal layer main
| electrode 65c, thereby preventing cracks.
As thus far described, according to the third preferred embodiment of
‘the present invention , a surface mountable chip PTC thermistor having a long
term connection reliability between the side electrodes 63a and 63b and the
20 main electrodes 62a and 62c as well as the sub electrodes 62b and 62d can be
obtained even when it is formed such that the conductive polymer and the
metallic foil are alternately laminated in order to increase the current-carrying
capacity while reducing the size.
No upper limit for the thickness is particularly specified. However,
25  when considering the ease of mounting (for example , the ease of suction) by an
automatic mounting equipment, the process of dicing into independent elements
and the time needed for the plating process, the thickness of the nickel plating
layer is preferably not more than four twentieths of the distance between the
first and second main electrodes 62a and 62c.

30 In the foregoing first through third preferred embodiments of the

present invention, the first side electrodes 13a, 43a, and 63a, and the second



rectangul ar paral |l el epi ped conductive polynmer conprising a mxture of a
hi-gh density polyethylene which is a crystalline.polynmer, and carbon
bl ack, a 30 conductive particle. 2 A first main el ectrode 42a
S drsposed on a first face of the

12 conductive polynmer 41, and a first sub electrode 42b is di sposed
| ndependent | vy, but on the sane face as the first nmain el ectrode 42a.

et Tace Sl FREBRARTEE o) R RBORE Al B¢ 455008 plAGE RIRC Bobhyer aoc

5 disposedhe @dme%met%tdan belubtaifed With Saickel Aloy platiad fayeecond main

el ectrode 42c. the main and sub el ectrodes aré nmade with
el _ect“rol ytic copper f0|l and the like. A first side
ent e surface of one of the SRRVCRRELERERIhateive T
5
The chip PTC thermistor of the present invention comprises the
followmg elements;
a) a rectangular paralleloplped conductive polymer having PTC
properties;
10 b) a first main electrode disposed on a first face of the conductive .
polymer;
c) a first sub electrode disposed independently, but on the same face
as the first electrode;

d) a second main electrode disposed on a second face opposite the
- 15  first face of the conductive polymer;
e) a second sub electrode disposed independently, but on the same
" face as the second main electrode;
f) a first side electrode folding around and over the entire surface of
one of side faces of the conductive polymer extending to the part of the first
20 main electrode and the second sub electrode in such a manner that it electrically
couples the two electrodes; and
g) a second side electrode folding around and over the entire surface
of the other side face, opposite the side face mentioned previously, of the
. conductive polymer, extending to the part of the first sub electrode and the
25 second main electrode in such a manner that it electrically couples the two
electrodes.
wherein, the first and second side electrodes comprise a nickel
plating layer or nickel alloy plating layer whose thickness is not less than one
twentieth of the distance between the first and second main electrodes.
30 In the case of this construction, the side electrodes fold around and

over not only the entire surface on the side face of the conductive polymer but



10 .polymer 41 extending to the end surfaces of the first main el ectrode

4Z2a and the second nmain el ectrode 42c in such a manner that it

el ectrically couples the first mai2B el ectrode 42a and the second main
el eetrode 42c. A second side el ectrode 43b nade with a
niickel plating |ayer folds around and over the entire surface of the

ot her side face, opposite the first side 15 electrode 43a, of the

conducti ve I i galﬁfsﬂbha Q%id ur f o) . irst sub
el ectrode ilgg eggghgiﬁéessgféfgﬁgﬂ g@b el ect r8 e fg'd f%c@%ghﬁlg Sﬁr%enﬁ%gﬁoaés t hat
it electriond the mairpknd subelddtrogles ardonel kndarlydeowtléd badcodjed G thesub

el ectrode 42d. First_ and second protective coatings 44a and
44b are nalSeS t ﬁug@xerrg%ymﬁ ,sgﬁ glecyrpdes (asej made with nickel whxcf? Al$

internal ngj : 4521 | ' LS ndugt.i ve pol yner
41" P ouch HeChEHERY Ofend' R FamtUd ARG bIME e} BF af S0 Hithess cona a2

and the5 setwor thisker tHaacdneotieertttieiod the eistin@abtveed The Firsidad P stéagsecond
si de el ectrode 43b. _An internal sub el ectrode 45b is disposed on the

sane pl aneMiiR elestrodesie pEese rthe \chip FRC thesmistor of dhe raesent linventivneis45a, and

is electrigg n to the fi.rst side el ectrode,43a.

The manuf a%é"?énén Orf‘gttibgg %ﬁ ?ﬁ%wg ht PUBTEO} hgl}gﬁ?t‘g{no lrg]éaibé]gﬂ'yd ihgergs of  (he
second pr etefreetiond et e thomdilcand BfeBide! HEREAO AnE Writvelss l1hE §u§ the
foregoi ng manner, is described with reference to the acconpanying draw ngs.
30

electroqy grd the sidg electede.and Figs. 9 (a) - (e) are flow di agrans
showi ng t.he



manuf acturing nethod of the chip PTC therm stor in accordance wth_the
13 second preferred enbodi ment of the present invention.

A conductive pol ymer sheet 51 shown in #g. 8 (a) HIMHM!M lm"mt
sanme manner as in the first preferred enbodi nent of ntion,
and subsequently, a pattern is formed on an el ect rol yt|c copper foil
of approximately 5 80[err]min thickness by a netallic nold press to form
an el ectrode 52 sheyfinish Fig. 8 (b). The conductive polynmer sheet 51
and the electrode 52 are | aminated alternately as shown in Fig. 8 (c).
A lamnate is then integrated by heat pre55|)ng tg Eo;mﬁ shee}] 53
shown in Fi 9 (a gs. 9 (b) an c) show, the sane
processes ag in 'Ehé A,qlggPIgthsggs@I,cgglp@%, ment are foll owed, exc_e_]E)ft Lor
t he process of for - Thi o S ifie
o e hi cknoL 2 Oe%t%gﬂfar pczgae]]le%ﬁﬁfeﬂ W5dndive BofyirChisite 'S PR

"5 . property;

b) a first main electrode disposed on a first face of said conductive
polymer;
c) a first sub electrode disposed independently, but on the same face
as said first main electrode; -
10 d) a second main electrode disposed on a second face opposite the .
first face of said conductive polymer;
| e) a second sub electrode disposed independently, but on the same
face as said second main electrode;
f) a first side electrode which folds around and over an entire surface
15 of one of side faces of said conductive polymer extending to said first main
electrode and said second sub electrode such that it electrically couples said first
main electrode and said second sub electrode; and
g) a second side electrode folding around and over an entire surface
of a side face, opposite said one of side face, of said conductive polymer,
20 extending to said first sub electrode and said second main electrode, said second
side electrode electrically coupling said first sub electrode and said second main
electrode,
wherein said first and second side electrodes comprise a nickel
plating layer or a nickel alloy plating layer whose thickness is not less than one

25 twentieth of a distance between said first and second main electrodes.

2. A chip PTC thermistor comprising;
a) a rectangular parallelopiped conductive polymer having a PTC
property;
30 b) a first main electrode disposed on a first face of said conductive
polymer;



pl ating | ayer becones one twentieth of the distance f| rst and
second main el ectrodes 42a and 42c. In this prci m@ﬂi J[ Qﬂﬂl |s

plated in a nickel sul fanat e bath fer about 40

cureent density of 4A/dnferr] to 15 forma nickel plating |layer of 20
[érr]min thickness. Figs. 9 (b) and (c) show t hr ough- grooves 54
formed on the sheet 53 and protective coatings 55 forned - on the top
and bottom faces of 9 (d)
then is diced intoc tagﬁ’ﬁgﬁ e%ﬁf)g%éi}]slpgs?d mdepent%eﬂﬁ%ﬁﬁetﬁfﬁ%% fr%lr(r:?stors
57 shown inafsaid fEsti(min el€ctrode; The following is the reasons why the
side el ectrodes 43a_and 43h are de with a nickel plating_ |ayer and

fol di ng around and HvBeqoRd TAAM; ?léc‘ﬁ!ﬂq ghsgosed on g secppd facpooppasitecthe endi ng

to the end pttom faces of t he conducti ve

pol yner, gﬁ’%\ﬁﬁ&? e@?dpﬁﬁd‘ﬁ?ﬁggﬁ%% | ess than one twentieth of the
di st ances bet veen the) 4 sécondawud eleceodt Giposed Bide étai%ﬁﬂf}Z&naM tlfe?ﬁam85

To conpare with the chip PTC therm stor nanufactured by t he hod

descri bed ‘i facerassaishissandoin electrode;pr esent i nvent i on whose si de
appr oxi mately 20 0 ig| SpfEieRupls S LoidS auolnfiand s R enlie mriace r oces
oractical Iy °§§‘2‘3”?‘ﬁ§831 fobesiof sid, SHmetve poLynet, ?%*ﬁ?’tﬂ#&*n"c Sl P 80 ed by
t he.fol | ow Second: mgm elscirodes sifchl that iaclectically coupbseqaid idstbandt $erondt hod of
this en‘%)dl %ea?}le ctro gs present invention. Side
g) a second side electrode folding around and over an entire surface
of a side face, opposite said one of side face, of said conductive polymer,
extending to said first and said second sub electrodes, said second side electrode
electrically coupling said first and said second sub electrodes,
15 " h) an odd number of internal main electrodes disposed in - said
conductive ;Solymer and parallel to said first and second main electrodes; and
1) an odd number of internal sub electrodes disposed independently,
but on the same plane as said internal main electrode,
wherein said first and second side electrodes comprise a mnickel
20 plating layer or a nickel alloy plating layer whose thickness is not less than one

twentieth of a distance between said first and second main electrodes.

3. A chip PTC thermistor comprising;
a) a rectangular parallelopiped conductive polymer having a PTC
25  property;
b) a first main electrode disposed on a first face of said conductive
polymer;
c) a first sub electrode disposed independently, but on the same face
as said first main electrode;
30 d) a second main electrode disposed on a second face opposite the

first face of said conductive polymer;



14 faces of the lamnate strips are plated w N copper~of—26 umin
t-hi ckness I nstead of a nickel plating |ayer, b’, ﬂﬂ"l
plating bath for 80 m nutes underggcur rent dens m mr] and

the lam nate strips are diced into I ndependent el emerts”
The followng test is conducted to confirmthe connection rellablllty
bet ween the side electrodes 43a, 43b and the main el ectrodes 42a, 42c and

between the side g%éé}ﬁ?%“ %ﬁigué F%%@Fggdgéﬁptgugqﬁsthéz&mﬂd

In this test, 20 €lene 1Bs Whooe

si de ~el ectieslassaidsccond mMah cdctrodeat ed respectivel y W t h a nickel plating

| ayer 10 and a copper plating layer, of 20 [err]min thickness, are nounted
on a printed f)oa fiestiisidersd rpdem;hl&h faldsar @uiowmr entire isurfaae

expahsi on/ s r| nk ock t est arr Lo 250
cycles at €gﬁpﬁgesopf Salg qulymer, e’é%“ﬁ* g:ﬁfsgg‘ :
tenper g u rée&focfb%’iﬂ%id decbrd sﬁQeIébﬁH&@&lchAhhﬁft eldefid Ja‘ﬂg sald firsg S50t h
cycles, 10 elenents each fromthe two sanples are to

main electrode and said second sub electrode;

g) a second side electrode folding around and over an entire surface
of a side face, opposite said one of side face, of said conductive polymer,
extending to said first sub electrode and said second main electrode, said second

10 side electrode electrically coupling said first sub electrode and said second main .
electrode;

h) an even number of internal main electrodes disposed in said
conductive polymer and parallel to said first and second main electrodes; and

i) an even number of internal sub electrodes disposed independently,

15  but on the same plane as said internal main electrode,

wherein said first and second side electrodes comprise a nickel
plating layer or a nickel alloy plating ldyer whose thickness is not less than one
twentieth of a distance between said first and second main electrodes.



15 eval uati on. Each sanple is ground and poli shed
vertically against the side el ectrodes 43a and 43b and the sections
are observed to check whether cracks o7 are generated at the junctions of
side el ectrodes 43a, 43b with the main . electrodes 42a and 42b and with
the sub el ectrodes 42b and 42d. As a result, 20 the sanples whose side

el ectrodes 43a and 43b are made with a nickel plating | ayer, suffer no

cracks even after 250 cycles. \Wereas i\(}%@gﬁéﬁlo sanpl es pr epar ed
for conparison with the side el ectrode 43b made wi th copper

plati ng | ayer, suffer cracks before the 100th cycle, on the first side
el ectrode 43a at the connection between the first side el ectrode 43a
and the first mai n&&lp@ohancmﬁ'ﬁczthamlstoﬁfer surfacei poumGissembly having a

Chat of ¢ heSprEaT (RRE-ERmprasBopom s DIt side G Sithiia 3hl o
175A dnfer (0 FARADAE " T heAnlel cBRRRE o rEChASAr CRARIGDDY, |
cycle. Al ¢d1ﬂucnwpelyma(nbmwgo?’ﬁc pibpertiekea fisstanginalectarle(12a) andvi ous
sanples nflrn1 he effects of the construction of the
si de el ect rofies s;p@zflcctrode?lz%g dlspose ona %ust face oE the conductive polymer; a
second main electrode(12c) and a second sub electrode(12d) disposed on a
second face opposite the first face of the conductive polymer; and first and
10 second side electrodes(13a,13b) folding around and over the entire surface of .
side faces of the conductive polymer, the side electrodes electrically coupling
the electrodes disposed on the two faces of the conductive polymer, and a
thickness of the side electrodes is not less than one twentieth of the distance
between the first main electrode(122) and the second sub electrode(12d) and the
15 distance between the first sub electrode(12b) and second main

electrode(12a,12¢) .



and .43b whi ch y

extending to the

si de el ectrodes 43a and 43b are
[ere]min
thermal shock 5 test

t he sane nanner after the test,
cracks on the first nmmin

first side electrode 43a and the first

100t h*cycle. (refer to Fig. 11)
t hi ckness of the side el ectrodes 43a

Op and bottom faces

und and over the entire surface of the side. f
55508 %rrpl es are prepared sJGHHP %ﬁ‘g?he
pl ati ng | ayer of 20
t hi ckness and are di sposed only on the side faces.
is then conducted. Wen the sections are observed in

ngde‘mﬁth a ni ckel

ce

The same

10 out of 10 sanples are found to have

el ectrode 42a at the connection between the
mai n el ectrode 42a before the

The reasons why the

and 43b is 10

one twentieth of the di stance between the first and the

el ect’rodes 42a zand

preferred enbodi nent of the present
the sanples are used for the test.
connection reliability observed
at 250 cycles at a

2c i s described bel ow

si de el ectrode %ka and 43b are nmade with nicke
different thickness are prepared by the manufacturing nethod
10 el enments each from 15
12 is a graph show ng the

shock test carried out

i nventi on.
Fi g.

in the thernual

set to be not

| ess t han
second mai n
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pl ati ng | ayers of
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tenmper ature of 854 1 C for 30 minutes and at a tenperature ks C
for 30 m r%?g% on the sanpl es whos e%l de el ectrodes 43a a?&ﬁ%ﬁlﬁzﬁée
different . t hi cknesses of 5 [err]m 10 [err]m 15 [err]m 20 [err]m 30
[erklm 40 [err]mand 50 [err]m Wen 20 the thickness of the nickel
pl'ating layer, nanely the side el ectrodes 43a and 43b, is 20 [err]mor
nore, no cracks are formed. Thus, by making the thickness of the si de
el ectrodes 43a and 43b nade with the nickel plating |ayer, not |ess than
one twentieth of the distance between the first and second main

el ect rodes 42a Ej 42c, the connection reliability is inproved. 25

As thus far desc bed according to the second preferred enbodi nent of
the present invention, a surface nountable chip PTC therm stor having a

| ong - termconnection.reliability between the side el ectrodes 43a, 43b
and the main el ectrodes 42a, 42c as well as the sub el ectrodes 42b,
42d can be obtai ned even when it i t he conductive
pol ymer and the netallic, f are 30 Aalternately |am ed in order to

i ncrease the current- car(r@/ ng capacj %/t he si ze.

16
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No uypper limt thickness is particularly specified. Ho
when consi deri%é%’ﬂ}ég‘gase of nounti ng ﬂl.% exanpl e the ease of gﬁlfﬁﬂ%ﬁﬁszby
&2

an aut omati ¢ nounting equi prent, process of dicing into

i ndependent el ements and the tine needed for the plating process, the
t hi ckness of the nickel 5 plating layer is preferably not nore than four
twenti et hs of Fyy §i stance between the first and second main

el ectrodes. ' The third preferred enbodi nent 10

The chip PTC therm stor of the third preferred enbodi nrent of the
present invention is described hereinafter with reference to the

acconpanyi ng drawi ngs. Fig. 13 i 0 grat—y+ew of a chip PTC
therm stor in accordance W t h INe s peel fet od/ enbodi ment of the
present invention. (a% ; conducthxe pol ymer 61

havi ng PTC properties is a1l r gOA BT . ALpi ped conductive

pol ymer conprising a m xture of fergh dersit’y pol yethyl ene which is a
crystalline polyner, and carbon bl ack, a conductive particle..

y 3

2 25 % 252425 % 2526

) 2 4




A first main q*,@g%ﬁg; 62a is located on a first face of the g%{g,?.ft?&bll\oég’zt on

pol ymer 61, and a fi1rst sub el ectrode g ins di sposed i ndepen

the 20 sane face as the first main el ecttode 62a. A second
mai n el ectrode 62c is |ocated on a second face opposite the first face
of* the conductive polynmer 61, and a second sub el ectrode 62d is .
di sposed i ndependently, but on the sane face as the second main el ectrode
62cC. Al'l the main and sub el ectrodes are made with el ectrol ytic copper
foil. 25 A first side electrode 63a nmade with a nickel plating
| ayer ~i s di sposed such that it folds around and over the entire
surface of one of the side faces of t he conductive polyner 61
extending to t enl surfaces of the first main el ectrode 62a and the
second -sub el ect¥ode 62d in such a manner that it electrically couples
the first main el ectrode 62a and the second sub el ectrode 30 62d.

A second side electrode 63b nmade with a nickel plating |ayer, folds

17

crack generation portion
1Z2b e 1Za 7 [l

- \ \

(77 A [//////?/////¥/////7/*

/35

777777777777 777777 77) pZZ
/ /

/ / /

/Zc 146 124
Fig. &
2b o 17 17 crack generation portion -
73b VA UZZZ7777 77777 X7 777 732

(7777 7777 7777777777272 o4

\ \ \

\ \

20 tb 124



aroynd and WRQ&P/585 entire surface of the other side face opfdsiPe8/013n2

first side el ectrode 63a of the cdw@Bctive polymer 61, extending to
the end surfaces of the first sub electrode 62b and the second nain
el eetrode 62c in such a manner that it electrically couples the first

sub el ectrode 62b and the second nmain electrode 5 62c.
First and second protective.coatings 64a and 64b are nmade with

epoxy-m xed acrylic resins. A first internal nmain el ectrode
65a is di sp?s.ed rnsi de the conductive polymer 61 in such a manner that
it is paral the first and second main 10 el ectrodes 62a and 62cand
electrically connected to the second side el ectrode 63b. A first
internal sub el ect r@limhiion iéliuities ofisindde datiindtesa

i ndependently fromthe tirst inter naﬁrral n gect rode 65axﬂgnd is

il ggf:glnga: In%/er nal nﬁ%ﬁﬁ&é@%@@ﬁg@ Fiéﬁ%bg%éi}gﬁéé%?éﬁg"@ conductive

polymer 61 in suchananner that it is parallel to the first main

el ectrode 62a and the second nmain el ectrode 62c,and el ectrically connected
to the first side el ectrode 63a. A second,int .Jb el egt rode 65d

i s di sposed on % the same plane H&8 ri‘ﬁd@ﬁ%fhi f/?af?% 8% 28 c o
internal main el ec&r od® 65c, agetmquhgm ele@t![bdeg(msm@ to the
second side el ectrgge 8b. 20 he manuf acturing nmet hod of the
chip PTC t herm st of acébr di ?got o} '
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the.third prefewjgﬂggﬂbodlnent of the present invention |s des&QhQ§qu%g#

reference to the acconpanying draw ngs¢ /22
Figs. 15 (a) and (b), and Figs. 9 (a) - (e) are flow dlagrans showi ng
t he manuf acturing nethod of the third preferred enbodi nent 25 of the

present inventif 9 A conductive polyner sheet 71 shown in
Fig. 14 (a) is prepared in the same manner as in the first preferred
enbodi ment of the present invention, and subsequently, a pattern is
formed on an el ectrolytic copper foil of approximately 80 [err]min

t hi ckness by a nmetallic nold press to forman el ectrode 30 72 shown in Fig.
14 (b). As Hg{a}4 (c) s pol ynmer sheet
71 is- sandw ched _ 18

bet ween two pieces of the electrodes Z72. The |aminate & then integrated by

74
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heat, pressing t@ogfsi8,g sheet 73 shown in Fig. 15 (a).

Fi'g. 15 (b) shows, a first sheet 73 is gsangdw ched between two PCT”HwM%%Z
conductive polymer sheets and then by two pieces of the electrodes 72 so
that 5 the electrodes 72 are disposed on the outernost |ayers of the’

| ami nate. The ;:- Iépninate is then heat pressed to obtain a second sheet
74 shown in Fig.(96 (a). As Figs. 16 (b) and (c) show, the
same processes as the first preferred enbodi mrent are foll owed, except

for the process of formng a side electrode 77. This process is
nodi fired so that the thickness of the nickel plating |ayer 10 becones one
twentieth of the distance between the & Re-—5-€ in el ectrodes
62a and 62c. To obtain the Qéc el phﬂ’zz? t hi ckness, in

]

thi s ‘process, ‘the | aninate | at pat e bath for about
70 m nut es under the current/dEfF . and_t he ni ckel

pl ati ng | ayer of 35 [err] mrtdnrckness TS5 d. Fi 16 (b) and
(c) show t hrough-grooves 75 15 red—or—the—setond sheet 74 and
protective coatings 76 formed on the top and bottom faces of the
second sheet 74. The second sheet 74 shown in Fig. 16 (d) is
then diced into i ndependent el enents to obtain chip PTC therm stors 78
shown in Fig. 16 (e). The 94 1 owi ng | g4 he reasons why the

side el ectrodes 63a and 63b are 20 nad;égf{b\a ni ck plating |layer and
fol ding around and over the entire surf of ¥he\ side faces extending
to the end surfaces of botll 4dp and He off /4 the conductive

pol ymer, and why their thickness ig2 fent i et h

53
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of the distancqudsy g,gg‘ﬁn the first and second main el ectrodes 62acgnfssiss:
To conpare with the ip PTC therm storg jgnuf actured by the 25 nethod
described in this preferred enbodi nent of the present invention whose
side el ectrodes 63a and 63b are nmade with a nickel plating |ayer of
approximately 35 [err]min thickness, a sanple whose side el ectrodes 63a

and 63b are nmade with a copper plating |ayer which has been
practically used in printed circuit boards , is prepared in the
follow ng nethqod. Strips of lamnate are 30 prepared by the nmethod of the
third-preferre i ment of the present invention. Side faces of
the I am nate strlps are platted wth copper of

19 approximately 35 [err]min thickness instead of a nickel plating
| ayer’, by plating the strips in a copper sulfate plating bath for. 140
m nut es under current density of 1.5A/dnferr]. The

followng test is conducted to confirmthe connectlon r I
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5 _bet weeWQRY5330Me el ectrodes 63a and 63b and the nain el FGHIRAOIBSR and
62c, and the side el ectrodes 62b a9/@262d. In this
test; 20 elenments each fromthe two kinds of sanpl es whose si de

el egtrodes 63a and 63b are coated respectively with a nickel plating |ayer
and a copper plating layer of 35 [err]min thickness, are nounted on a
printed 10 circuit board. As an accelerated test for thernal
expansi on/ shri nkage, a thermal shock test is carried out up to 250
cycles at a tenperature of - 40[err]C for 30 mnutes and at a

t enperat ure égaizﬂﬁérr]c for 30 mnutes. After the 100th and 250t h
cycles, 10 eletents each fromthe two sanples are took out for

eval uation. 15 Each sanple is ground and polished vertically
agai nst the side el ectrodes 63a and 63b and the sections are observed
to check whet her cracks are generated at the junctions of side

el ectrodes 63a, 63b with the main el ectrodes 62a, 62c and with the

sub el ect rodes 620 andlechiprreléability b double laninhgssugsle si de

el ectrodes 63a and 63b are nm ckel plating layer, 20 are free

of any cracks even aﬁiﬁ%ﬁﬁa {#@@&Xﬂfg?egéggg@ﬁéﬂégﬁm with

prepared for conpari
copper . plating |layer, suffer cracks before the 100th cycle, on the
first side electrode 63a at the connection between.the first side
el ectrode 63a and the first side el cftad®less thandiz0 0@&35&311 Sﬁpg.ndﬂ) 25

Even when the thickness of copper plating mAififelesttcdesdii@nice t W ce
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that of the pr 'Q#§ anples to 70 [err]m by plating the sanmplgs,jpdodiss:
copper sﬁ%*a eﬂgath for 280 ninu&@;zfnder a current densi§§?{) >

1.5A/dnferr], 10 out of 10 sanpl es suffer cracks before the 100t h
cycle. Al the cracks are observed at the sane place as the previous
sanpl es. 30 To confirmthe effects of the construction of the
side el ectrodes 63a and 63b which fold around and over the entire
surface of the side faces
20 extending to the part of the top and bottom faces , sanples are
prepared by formng the side el ectrodes 63a and 63b wth a nickel
plating layer of 35 [err]min t hi ckness only on the side faces, and
the same thermal shock test is conducted." After the test, the sections
are dbserved in the same manner. As a result, 10 5 out of 10 sanples
suffer cracks before the 100th cycle, on the first nmain el ectrode 62a
at the connecti?ﬂ bﬁgmeen the first side electrode 63a and the first

_ _ 9.
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mai n el ectrode‘r{g%g,\/53 Eef er to Fig. 18) The r eas Qs o1

t hi ckness of the ’Srde el ectrodes 63a apd, $8b i's set to be not less
than one twentieth of the distance between the first and the 10 second
mai n el ectrodes 62a and 62c.is descri bed bel ow. Sanpl es
whose side el ectrodes 63a and 63b are nmade with nickel pl ati ng | ayers
of different thickness are prepared by the manufacturing nethod t he
sanme as this pg?jeré?d enbodi ment of the present invention. 10 units each
fromthe sanpl €54aré used for the test. 15 Fig. 19 is a graph
showi rg the connection reliability observed in the t hermal shock test

carried out up to 250 cycles at a tenperature of - 40[err]C for 30

m nutes and at a tenperature of 125[err] C for 30 m nutes on the sanples

whos¢€’ side el ectrodes 63a and 63b ha i hi cknesses of. 5

[err]m, 10 [err]m 15 {;ﬁeﬁg]m / 4 /[err]m and 50
e

[err]m 20 the thi gkness of the ni pl ati ng | ayer,

nanely the side el ectrodes 6 rlmor nore, no cracks
are formed. Thus, by maki ng o he side el ectrodes 63a -
and 63b made with the nickel plating |layer not |ess than one twentieth
of the distance between the first and second nmain el ectrodes 12a and
12c, the connection reliability is inmproved. 25 Figs. 20 (a)
and (b) are sectional views show ng exanples of triple | am nat e

sanpl es respectively with cracks: (thickness of the nickel plating |ayer
20 [err]m and without cracks (thicknesgs _of the nickelpJati%? | ayer 40

e
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observed afterrkﬂ@ rmal shock test. Figs. 20 pcg)ipiifisdad)
show sol der fillet gﬁa and 91b, |ands,92 and 30 92b on the Sﬁ?nte

circuit board and side el ectrodes 93a and 93b nmade with a ni ckel
pl-ating layer of 20 [err]min thickness. The reference nuneral 94 indicates
21 the |l ocation where cracks are observed after the thermal shock
test. Si de el ectrodes 95a and 95b are made of a ni ckel

pl ati ng | ayer gﬁgéo éj [err]min thickness. As Fig. 20 (a)
shows, in the ‘g t he sanpl e whose ni ckel platlng 5 layer is thin and
suffers cracks, the part of the side electrode 93a near the printed

circuit board is warped outward. The cause of the warp is thermal
expansi on of the conductive polyners that occurs during. sol dering or

shri nkage stress applied when the s ; >e5. Due to the
outward warping of the (@) side el =S 2 s appl ied during the
t hermal shock test focuses on the

77

-

(b)
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10 _second internal |ayer main el ectrode 65c which is coupled tgg @2996‘%‘8?he

was pi ng part, WO 99i5350 gering the cracﬁg. 2 In the

sanple with a thicker nickel plating s Wﬁ in Fig. 20 (b), the side
el'ectrode 95a is not warped by the thermal expansion of the conductive
pal yner or the Fhriz%pge stress applied by the solidification of the 15

sol deri ng. Thus,ﬁﬁﬂ stress does not focus on the second internal |ayer

mai n el ectrode 65c, thereby preventing cracks. As thus
far described, according to the third preferred enbodi nent of t he
present invention, a surface nountabl | | or having a |long
term connection reliabilit@gabetween i 63a and 63b and the
20 mmin el ectrodes 62a and 62c a I . trodes 62b and 62d
can be obt ai ned even when i : conducti ve

pol ynmer and the metallic f ' ani nated n order to

i ncrease the current-carrying capaci Ly Wi eVr educi ng t he si ze.

No upper limt for the thickness is particularly specified. However, 25
when considering the ease of mounting (for exanple , the ease of suction)

by an automati c nounting equi pnent, the process of dicing into

i ndependent el enents and the tine negthed for theZpl ating process, the
thi ckness of the nickel plating | ay \s preferally not nore than four
twentieths of the di stance between t — ond main

el ectrodes 62a and 62c. 30( &) - irst through third
preferred enbodi nents of the :
v/
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presgnt i nvent "@'6199}55%4“ rst side el
second

7
el ectrodes 13b, 43b, and 63b are nmade oﬁégrnckel pIatlng | ayer,

thé .same effects can be obtained wt
Applicability in the Industry 5
the present invention conprises the

ectrodes 13a, 43a, and 63a,
1

P%‘?ﬂg?9@2852

however ,
all oy plating |ayer.

The chip PTC therm stor of
foll ow ng el enents;

h a nickel

a) a rectangular par al | el opi ped conductive pol ynmer

properties;
face df the con

fa WA

havi ng PTC
b) a first main el ectrode di sposed on a first
pol ymer ;
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c) a first WOl99ssB04 r ode di sposed independently, but on the PCIRPILIE52

as- the first el ectrode; 1822 a second mai n el ectrode di sposed
on a second face opposite the 15 first face of the conductive pol yner;
e)- a second sub el ectrode di sposed i ndependently, but on the sane

face as the second main el ectrode; f) a first side

el ectrode fol ding around and over the entire surface of one of side
faces of the conductive polyner extending to the part of the first 20 main
el ectrode and the second sub el ectrode in such a manner that it

electrically couples the two el ectrodes; and g) a
second side Fgct/' de folding around and over the entire surface of
t he ot her si‘deface, opposite the side face nentioned previously, of the

condutctive polyner, extending to the part of the first sub el ectrode and
the 25 second main electrode in such a manner that it electrically couples-
the two el ectrodes. wherein, the first and second
side el ectrodes conprise a nickel pl ati ng |l ayer or nickel alloy

plating layer whose thCyifsdion reliabilisy dffl@ielefaminatgosmlbeth of the

di stance between the first and second ndi n el ectrodes. I n

over ‘not only the encifs e Rechtf] Ridih SGTodEE UpRbl BAMAN . Lot yrer

but

area not less than 1/20 of first and
second main electrodes distance
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23
si<dé el ectrodes and the main
coupl ed but coupled with the
are,nmade with nickel which is

al soyenRgssgsf aces of the main and sub el ectrodes. As pgyRipgodikse

and sig; ¢} ectrodes are not linearly
faces. Furthernore, the side el ectrodes
mechani cally strong and fornmed with a

plrating | ayer of an even thickness equal

5 to or thicker than one

twentieth of tﬁﬁ%giggpnce between the first and second
> Thermi stor of the present

Thus, the chip P
nount abl e and shows a superi or

| (@)

mai n el ectrodes.

i nvention is surf ace

long-termreliability in terns of
conneeti ons between the main and the side el ectrode and between the sub
el ectrode and the side el ectrode.
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24 WO 99/536d421 B! 1. A chip PTC t hepoirab®sroiss2

conpri si ng; a) a rectangulgr parall el opi ped conductive

pol yner having a PTC 5 property; b) a first main el ectrode
disposed on a first face of said conductive pol ymer ; c)
afirst sub electrode disposed independently, but on the sane face as
said first main electrode; 10 d) a second nmain el ectrode

di sposed on a second face opposite the first face of said conductive
pol ymer ; e) a second sub el ectrode di sposed i ndependently,
but om the sane face as said second main el ectrode; f)

a first side electrode which folds around and over an entire surface 15

of one of side faces of said conductive polymer extending to said first
main < . electrode and said second sub el ectrode such that it electrically
couples said first :

Fig. 21




mai n electrode“&&gﬁéahd second sub el ectrode; and
ectro

second side el
side face,

second

and said seconan;,?‘i 204

second si de el ect

e folding around anlgyer an entire surface
e,.;0pposite said one of side face,
extending to said first sub el ectrode and sai d second mai n el ectrode,

of

| ess than one 25

PCT‘?)N?I% 1852,
20
sai d

sai d conductive polyner,

side electrode electrically coupling said first sub el ectrode
el ect r ode,

odes conprise a nicke
alloy plating | ayer whose thickness is not

wherein said first and
pl ati ng | ayer or a nickel
twentieth of a

di stance between said first and second mai n el ectrodes. 2.

A chip  PTC therm stor conpri
par al 1 el opi ped conductive p
b) afirst. main el ectrode di
pol ymer ;

si ng;
.

having a PTC

a) a rectangul ar
property; 30

pdsed on a first face of said conductive

Za

o

Sa

N

PN

&)

A Y A A

/j////1/l/
3 4

56

2b

IN
N
N

Ja

v

|55

)

~N/

Ja

2~

/%

156



c} a first sub @Pﬁgé{’s@ge di sposed independently, but on the SagF‘é'@?‘%g’(%aﬂ

as*said first ma trode; 19/22  d) a second main

di sposed.ggi.a second face opposite the ““ first face of said conductive
pot ymer;” 5 e) a second sub el ectrode di sposed i ndependently,
but on the sane face as said second main el ectrode; f)
a first side electrode which folds around and over an entire surface

of one of side faces of said conductive polyner, extending to said first
and - second mai n el ectrodes such that it electrically couples said
first =and second 10 nmain el ectrodes; g) a second side

el ectrode folding around and over an entire surface of a side face,
opposj te said one of side face, of said conductive polyner, ext endi ng
to said first and said second sub el ectrodes, said second side el ectrode
electrically coupling said first and said second sub el ectrodes, 15

h) an odd nunber .of internal main el ectrodes disposed in said

conductive polydﬁzgggéi parallel to said first and second mai n el ectrodes;
and i) an odd nunber of internal sub el ectrodes di sposed

i ndependent |y,

AN SN SN K%

ba Zb &b




but jon thewssgpsagbfne as said internal main el ectrode,
wherein said first and second side el W& odes conprise a %?-Igﬂ%?g/y&szpl ating

| ayer or-a nickel alloy plating |ayer ose thickness is not |ess than one
twentieth of a distance between said first and second main el ectrodes.

3.7 A chip PTC therm stor conpri sing; a) a rectangul ar

paral | el opi ped conductive pol ynmer having a PTC 25 property;

b) a first main el ectrode di sp(ﬁefl on a first face of said conductive

pol yner ; ) a filRCICIENCENUICEAHS di sposed i ndependent I vy,

but om the_,sgne facge ., s said first main el ectrode; 30 d a
second nai ﬂa‘gpec EU¥e B sheeta second face opposite the first

face of said conductive pol ymer;
26 ° 2a-2d  electrodes Pory

3 opening
"4 laminate

5a,5b drawing-out sections
6a,6b lands

7a,7b solder

- 11 conductive polymer

12a first main electrode

12b first sub electrode

12¢ second main electrode
12d second sub electrode
13a first side electrode

13b second side electrode
14a first protective coating
14b second protective coating
21 conductive polymer sheet
22 electrode

23 sheet

24 through-grooves

25 protective coatings
26,27 grooves

28 side electrodes

29 chip PTC thermistor



e) ,a secongygydpsagpgct rode di sposed independently, but on pdpjsqese face
as sai d second main el ectrode, 21/22 f) a first side electrode
whi=ch fol.ds around and over an entire Surface of one of side faces of
sai.d conductive polymer, extending to said first main 5 el ectrode and
said second sub el ectrode such that it electrically couples said first

mai n el ectrode and said second sub el ectrode; g) a second
si de el ectr?de 0fg@l d{Yr;% al(ryound and over an entire surface of a side
face, oppoatt CUGPEHEHRONMEESHESY ace of said conductive pol ymer,

extending tQ said first sub_electrode and said second nain el ectrode, said
secornd 10 4% o durst wam gaeiredeect ri cal | y coupling said first sub el ectrode
and said second main el ectrode; h) an even nunber of
i ntef nal néZh diststoeleetredesposed in said conductive pol ymer and
parallel to said first and second mai n el ectrodes; and i) an
even nunbe#Zof seoomsd main elebtredect r odes di sposed i ndependently, 15 but on
the sane plane as said internal nmain el ectrode, wherein said
first and d42dorsdcendisutetlectrodeles conpri se a nickel plating layer or a
ni ckel alloy plating | ayer whose thickness is not |ess than one
twentieth dfiaa fiiscéideerchotdeecen said first and second main el ectrodes.

43b second side electrode

44a first protective coating '

44b second protective coating

452 inner main electrode

45b inner sub electrode

51 conductive polymer sheet

52 electrode

53 sheet

54 through-grooves

55 protective coating

56 side electrode

57 chip PTC thermistor

‘61 conductive polymer sheet

62a first main electrode

62b first sub electrode

62c second main electrode

62d second sub electrode

63a first side electrode

63b  second side electrode



- o

0y

WO 99/53504

64a
64b
65a
65b

o '_65‘(:
*65d

=

7
7

7
74
75
76

77

78

22/22

first protective coating
second protective coating
first inner main electrode
first inner sub electrode
second inner main electrode
second inner sub electrode

conductive polymer sheet

electrode

first sheet

second sheet

through-grooves

protective coating

side electrode

chip PTC thermistor

91a,91b  solder fillets
_923, 92b lands
93a2,93b  side electrodes

94

crack generation portion

95a, 95b  side electrodes

PCT/JP99/01852



