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TITLE OF THE INVENTION
PTC THERMISTOR

BACKGROUND'OF'THE INVENTION

This invention relates to a positive temperature

.coefficient thermistor (hereihafter referred to as "PTC

thermistor"), and more particularly to an electrode structure of
a PTC thermistor. .

Conventionally,-electroless Ni plating has been
typically employed for forming an ohmic electrode on a PTC
thermistor body of a PTC thermistor. A thickness of a Ni fllm
formed by electroless Ni plating is required to be typically as
large as lpm or more and more particularly 1.0 to 5.0pm in order
to establish'satisfactqry ohmic .contact.

"Also, the Ni film formed by electroless Ni blating
causes an increase in contact resistance of the PTC thefmistor
and deterioration of the ohmic electrode with time due to
oxidation when it is solely used for the purpose of forming the
ohmic electfode. In order to avoid the disadvantage, a paste of
Ag which is metal of low contact resistance is applied to the
plated Ni film, resulting in forming a multi-electrode structure.

. More particularly, the conventional multi-electrode
structure for the PTC thermistor is formed by subjecting the Ag
paste applied onto the plated Ni film to baking at about 500°C.\
Unfortunately, the baking causes moisture in the thermistor body
originating in a platlng solution or the like to expand and

burst, resultlng in a number of micro-craters being formed in the

plated Ni.film. This leads to deterioration in appearance of the -

PTC thermistor to decrease the yields.

‘_ Further, in the conventional PTC thermistor, the Ni film
formed by electroless Ni plating has a thickness as large as lpm
or more, so that a length of time required for the plating is
disadvantageously increased. Also, this requires to use a
plating equipment of an increased plating capacity and causes the
amount of plating material used to be increased, leading to an

increasing in manufacturing cost of the PTC thermistor.
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thermstor"), and nore particularly to an electrode structure of a PTC

t herm st or. Conventionally, electroless N plating has been
typically enployed for formng an ohnic el ectrode on a PTC thermi stor body
of a PTC thermistor. A thickness of a Ni filmfornmed by electroless N
plating is required to be typically as large as 1pmor nore and nore
particularly 1.0 to 5.0 pmin order to es?ablish satisfactory ohmic
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in evaluating or determining the craters.

SUMMARY OF THE INVENTION

The present invention has been made in view of the

-foregoing disadvantage of the prior art.

Accordingly, it is an object of the present invention to
provide a fTC thermistor which is capable of establishing
satisfactary ohmic contact between a PTIC thermistor body.and an
electrode.

It is another iject of the present invention to provide
a PTC thermistor which is capable of increasing yields of the PTIC
thermistor while providing ic'with a good appearance:

' In accordance with one aspect of che present invention,
a PTC thermistor is provided. The PTC thermistor includes a PTC
thermistor body, a first electrode arraﬁged on the PTC thermistor
body and formed of Ni with a thickmess of 0.2 to O.me by '
prlating, and a second electrode arranged on the first electrode
and formed of metal of low contact rcsistancec .The.metal of low
contact resistance mainly consists of Ag.

. In the PTC thermistor of the present invention
constructed as described above, formation of the first electrode
on the PTC thermistor body causes water originating in a Ni
plating solution or the like to enter the PTC thermistor.
Therefo;e} when the second electrode formed on the first
electrode is baking, water in the PTC thermistor body bursts due
to thermal expansion to form burst marks or craters on a surface
of the first electrode. Formation of the first electrode with a
thickness as small as 0.2 to 0.7um restrains a.sealing action of

the Ni film which is the first electrode. More particularly, the
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originating in a plating solution or the Iike to expand and burst,
resulti’ng in a nunber of mcro-craters being forned in the plated Ni film
This leads to deterioration in appearance of the PTC therm stor to decrease
the Vi el ds. Further, in the conventional PTC therm stor, the N
filmforned by electroless Ni plating has_a thickness as large as 1pm or
nore, so that a length of tinme required fér the plating is

di sadvantageousd s | feFR68dehél §9tet i EREAUPTES the ruS tad P dldynd e pnent

of an | neseased plaly ng, copagt LY and, coyees, e BIoulL ol platiing it er

the PTC tfhefmdtSiéd .of craters. This leads to satisfactory ohmic contact
between the PTC thermistor body and the electrode, to thereby
increase yields of the PTC thermistor while providing it with a
good appearance.

In a preferred embodiment of the present invention, the
second electrode is formed by baking carried out at a temperature
of 500°C or less. The baking at such a temperature furtﬁer
improvesyields_of the PTC thermistors. '

In a preferred embodiment of the present invention, the
second electrode is formed of a composition of Ag powder and frit
selected from the group consisting of lead borosilicate glass and’
soda-lime glass. |

In accordance with another aspect of the present
invention, a process for manufgcturing a PTC thermistor is
provided. The process comprises the steps of providing alPTC
thermistor body, depositing Ni of 0.2 to o.zpm in thickness on a
surface of the PTC thermistor body by plating to form a first
electrode thereon, and depositing metal of low contact resistance

on the first electrode to form a second electrode thereon.

. BRIEF DESCRIPTION OF THE DRAWINGS
. These and other objects and many of the attendant

advantages of the present invention will be readily appreciated
as the same becomes better undérstood by reference to the
‘following detailed description when considered in connection with
the accompanying drawings; wherein:

Fig. 1 is a sectional view showing an embodiment of a
PTC thermistor according to the present invention;

Fig. 2 is a flow chart showing formation of electrodes
on a PTC thermistor body in a PTC thermistor according to the
present invention; . |

Figs. 3 to 5 each are a schematic view showing a sealing
action of a Ni film which is a first electrode; and-

Fig. 6 is a graphical representation showing results of
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- 2- Mor eover, when a thickness of the plated N filmis 2pm or
nore, t’he conventional PTC therm stor tends to fail to pass a Ni peeling
test for determning resistance to peeling between Ni and Ag due to
mcro-cratiers in the plated N film The Ni peeling test is generally
carried out in a manner to apply an adhesive tape to a sanple of a Ni film
and then peel the tape fromthe sanple te4possibly formcraters in the
sanple, resulting_in.evaluating.or determning the craters:

SUMVARY CF ?HEC%N6§ﬁﬁ%5ﬁnce teded The presentginvention has been made in -
vi ew of the '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, a PTC thermistor and its manufacturing process

according to the present invention will be described he;einaftgr
with reference to the accompanying drawings. _ N

Referring first to Fig. 1, an embodiment of a PTC
thgfmistor according to the present'invention is illustrated.
Generally speaking, a PTC thermistor of the illustrated .
embodiment includes a PTC thermistor body 1 and electrbdes-Z
formed on upper and lower surfaces of the thermistor body 1.

The PTC thermistor body 1 is made of’a semiconductor

porcelain material mainly consisting of BaTiO, and having

positive'resistance—temperature characteriétiis. The PTC
thermistor body 1 may be formed into, for example, a disc-like
shape of 18mm in diameter and 2.5mm in thickness.

The electrodes 2 are constructed into a-multi-electrode
structure. More particularly, the electrodes 2 include a first
electrode Za-formed on each of the upper and lower surfaces of
the PTC thermistor body 1 and a second electrode 2b formed on the
first electrode 2a. .

The first electrode 2a is provided on each of the upper
and lower surfaces of the PTC thermistor bedy 1 by electroless Ni .|
rlating and comprises a plated Ni film having a thickness as
small as 6.2 to O.?Pm and preferably 0.4 to O0.6um. In thg
illustrated embodiment, the Ni plating is carried out using a Ni-
P alloy material which provides a plated film containing about
90% of Ni and about 5 to 12 % of P. The thickness below 0.2um
causes occurrence of unevenness of the plating to be increased
and the thickness above 0.7pum tends to cause craters to be
produced in the Ni film as déécribéd hereinafter,

. The second electrode 2b may comprise a film or layer of
Ag which is metal of low contact resistance. The layer may be
‘formed into a thickness of 3 to zpm. |

The Ag film for the second electrode 2 may be formed

using an Ag paste material. Ag'paSQe used for this purpose may

' This Sheet Has Been Replaced

AT



f oregoi ng di sadvantage of the prior art. Accordingly, it is an

obj ect of the present invention to provide a PTC therm stor which is

capabl e of establishing satisfactory ohmc contact between a PTC t her ni st or
body and an el ectrode. It is another object of the present

I nvention to provide a PTC therm stor whi %h I s capabl e of increasing yields
of the PTC thermistor while providing it With a good appear.ance.

I n accordnace wuth aneoappediioh false siosgerdm iMadrd ilon, a PTC thermistor is
provi ded. The PTC therm stor includes RC t.herm stor body, a first

el ectrode arranged on the PTC thermstm-ykand formed of N with a

t hi ckness of 0.2 to 0.7 pm by gloalposd.tiamd of F@c@ubtad ectrode arranged on t
first elegt de and formed of metal of |ow contact resistance. The netal .of
| ow cont ag Eggggfance mai nly consists of Ag. mﬁearﬁlsceby welght
t herm st or of Sbhepﬁ.eaéntpomd\eent I on const r bct.ed e the sey iWwseigg letbove,
formation of the f | ectr on the PTC thermstor body causes water
originating in a Nklbpfé:?‘lcﬁ‘g sgl %’[I@ﬂ lblr e 1I e)to enter the PTC

t herm st or. Spherical powder* 3 parts by weight
' (particle size: 2 to %pm)
Flake powder 29.1 parts by welght
Frit (lead borosilicate glass) 5 parts by weight

(or soda-lime glass)
Vehicle . 47 parts by weight
Binder (ethyl cellulose alkyd resin)_
Solvent (butyl carbitol)
*The spherical powder provides a surface of the
electrode formed by baking with smoothness.

The Ag paste contains finely divided spherical powders
(particle size of O.gpm or less) and low melting glass, resulting
in forming an Ag film of satisfactory compactness and adherent
characteristics. ' ' '

Now, an example of formation of the electrodes on the
PTC thermistor body will be described with reference to Fig. 2.

First, the PTC thermistor body 1 is subjected to a
degreasing treatment (Step l). More particularly, it is immersed
in a degreasing agent which may be commercially available and
then.washed with water. Then, the PTC thermistor body 1 is
immersed in a stannous chloride solution and then washed with
water. Subsequently, the PTIC thermistor body 1 is provided with
a catalyst (Step 2). For this purpose, it is immersed in a
palladium chloride solution and then washed with water. Then,
the PTC thermistor body 1l is subjeci:ed to electroless Ni plating
(Step 3). In Step 5, a plated layer or film of Ni-P alloy is
deposited on a whole surface of the PTC thermistor body 1 by
electroless plating, resulting in the first electrode  2a being
formed on the PTC thermistor body 1. The PTC thermistor body 1

having the first electrode 2a thus formed thereon is then subjected
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Therefqre, when the second el ectrode formed on the first electrode is

baki ng, water in the PTC therm stor body bursts due to thermal expansion to
form burst marks or craters on a surface of the first electrode. Formation
of the first electrode with a thickness-as snmall as 0.2 to 0.7pmrestrains
a sealing action of the Ni filmwhich is éhe first electrode. More
partlcularly t he -vT - 3-

to a heat treatment at 270°C for one hour (Step 4). Then, the
plated Ni layer on a side surface of the PTC thermistor body 1 is
removed by grinding (Step 5). Thereafter, the second electrode
2b having a thickness of 3 to 7pum is formed on the first
electrode 2a by applying Ag paste on the first electrode 2a by
printing while being positioned on an intermediate portion of the
first electrode 2a to expose an outer end of the first electrode 2a

by a distance or length of 1 to 2mm, resulting in providing the
first electrode 2a with exposed or_uncovered end G as sﬁown_in
Fig. 1 (Step 6). | Finally, the Ag paste is subjected to baking at
500°C for 10 minutes (S7), resulting in the electrodes 2 being
completed. _

The inventors made various kinds of tests on the PTC
thermistor prepared according to the procedure described above
with reference to Fig.'Z. The tests were directed to ohmic
properties, evaluation of craters, peeling strength and voltage
properties of the PTC thermistor. Types 1 to 11 of PTC
thermistors which are different in thickness of a Ni film and/or
baking temperature of Ag from each other as shown in Table 2 were
used for the tests. A plurality of the same specimens were

prepared for each of Types 1 to 11.

TABLE 2
TESTED PTC THERMISTORS
Types of PTC Thickness of Ni Ag Baking Temp.
Thermistors (am) (°C)
1 0.2 500
2 0.2 550
3 0.2 : 600
4 0.5 500
5 0.5 550
6 0.5 600
7 0.7 500
8 1.0 500
9 2.0 500
10 2.0 550
2.0 600

I'r-
U
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t hi ckness permts the water in the PTC therm stor body to be easily

di scharged through the Ni film to thereby mnim ze formation of craters..
This leads to satisfactory ohimc contact between the PTC t herm stor body
and fhe electrode, to thereby increase yields of the PTC theri stor while
providing it wwth a good appear ance. : In a preferred enbodi nent of
the present invention, the second electrotte is formed by baking carried out

at a tenmpgnat qre%tofoéwﬁalﬁogaewﬁés ﬁr@amﬁ'gn@tofuﬁgsfs£§%§5ature

further

i nprovesyi el ds of the PTC therm stors erred

enbodi ment of t he ReSdsdrngavdntgash ahel Brevnd ¢ ekl rvee msasumédaéfaa

‘conposi t ir@RnOf ehi RS AW 944, sehpcteds{1om wﬁegaeughsaﬂ%ﬁtwglefs
| ead borosilicate gl ass and soda-line gl ass. In accordance wth’

anot her

yhsgeinor i iGadamian ARSRRGPLS herRistoby hahbdaeebPFngla PTC

t Eer ni st Qhaig&g@ft@(?l@d:hé&hﬁﬁ&ﬁ?&gi cgms%ﬁg&té@ea S%E@ﬁm@ét@foﬁfdhﬂgf a PTCf
t herm st qr oy epo (0] 0 to O. m | thi ckness on a_ ,sujface o
Lhe PTC AREFEREAIR Tody 11 BSRTSRE (14 Grih cbiqtls Thermistor and the

unacceptable thermistor.
. TABLE 3
TEST RESULTS ON OHMIC PROPERTIES
Types of PTC Resistance | Evaluation
Thermistors o (L£2)
1 .8-5.0
.0-5.7
.3-8.7
.8~5.0
.9-5.5
.3-6.5
.8-5.0
.8-5.0
4.8-5.0
4.8-5.0
11 4.9-5.1 o

As can be seen from Table 3, there is observed a

FE R - ¢ N - TR I

O 0 N O W N
O 0o 0 0o X D o ® P o

[
(@]

tendency that a decrease in thickness of the first electrode (Ni)

'2a to a level of 0.5um or less causes resistance of the PTC

thermistor to be increased when baking of the second electrode
(Ag) 2b is carried out at a temperature of 550°C or more. This
would be for the reason that the glass component contained in the
Ag‘paste diffuses through the first electrode (Ni) 2a into the
PTC thermistor body 1, resulting in an insulating layer being
formed in proximity to the surface of the PTC thermistor body 1,
leadlng to an increase in resistance.

When a thickness of the first electrode (Ni) 2a is

between 0.2um and 0.7pm, baking of the second electrode (Ag) 2b

At a temperature of 500°C or below permits an acceptance ratio of

the PTC thermistors to be increased.

This Sheet Has Been Re

LTI



el ectrode thereon, and depositing netal of |ow contact resistance on the

first electrode to forma second el ectrode thereon. :
DESCRI PTI ON OF THE DRAW NGS These and ot her objects and
the attendant advantages of the present inverition will be readily
appreci ated as the same becones better understood by reference to
fol'lowi ng detail ed description when consfdered in connection wth

BRI EF
many of

t he
t he

acconpanying dr av§ gene40ePELOne Appiicacfhd 111hS03e80RLbAIR ceioRIRNON NG

an enbodi nent of TC erm stor accor present i nvent

I on;

Fig. 2 |%3%§93M%?1a¢%3§h@9\ﬁﬁgthéf-rrﬁt Péﬁteg §Fe§@ﬂ-@dé§ 8n 74mPPC Pedio dtmor
body in &Pﬁ&é@@rmﬂ@rta%%dwg hoptrhetREeRgRE orNVAR @,ra,usfﬁctory Fi gs.

3 to 5 each are a schematic_view showi ng a sealing action_of

whi ch | OB¥G rREOREEEIRBde; TR would be fpg thej ZTegsgnashptabaking of Ag

represeni atd P @ g 4€SHl t8mPbrature as high as 560°C.

In the above-described Japanese publication, the ohmic

‘properties are evaluated by only o and x. Unfortunately,

method for such evaluation is not made clear. Supposing

a
that in

the Japanese publication, evaluation of the ohmic properties was

made on the basis of a resistance value as in the present

invention, the conclusion in the Japanese publication that a Ni

film of 0.7pm or below in thickness fails to provide the

PTC

thermistor with satisfactory ohmic properties is unreasonable

because it disregards the dependence on a baking temperature of

the second electrode (Ag).
(2) Evaluation of Craters (Burst Marks or Traces)

Observation of craters produced on a surface of

the

uncovered end portion G of the first electrode (Ni) 2a on which

the second electrode (Ag) is not formed were attempted and, as a

result, the PTC thermistors of Types 1, 4, 7, 8 and 9 (a
of the PTC thermistor body: 18mm, a thickness thereof: 2
were graded depending on the number of c¢raters produced.

evaluation was made on twenty (20) specimens for each of

diameter

.5mm)

The
the

types and craters which have a diameter of 0.2 mm or more were

counted. The results were as shown in Table 4, wherein Grade A

indicates that. the average number of craters produced in
first electrode is less than 1, B indicates that it is 1

and C indicates that it is more than 5.

1
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-4- a crack resistance test. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI IVENT Now,” a PTC therm stor and its manufacturing
process acgording to the present invention will be described hereinafter
-9
TABLE 4
EVALUATION OF CRATERS
Types of PIC Average Number Grade
Thermistors of Craters |
1 0 A
4 | 0 A
7 ' 1.5 B
8 . 2.6 B
9 5.9 C

As can be seen from Table 4, the first electrode (Ni).Za
of 0.5um or less in thickness effectively prevents occurrence of
craters in the first electrode (Types 1 and 4). The reason would
be explained on the basis of a mechanism of occurrence of the
craters. It would be considered that heat applied to the PTC
thermistor during baking of the second electrode (Ag) 2b causes
water which entered the PTC thermistor body 1 and then was
collected at grain boundaries of the PTC thermistor body 1 or in
possible voids of the body during the above-described catalyst
providing step or the above-described plating'treatment to burst
due to thermal expansion, resulting in craters being produced in
the first electrode. The reason why Types 7, 8 and 9 fail to
prevent occurrence of the craters is that these types provide the
first electrode (Ni) 2a in the form of a continuous and dense
film to a degree sufficient to prevent the water from being
outwardly.discharged through the first electrode under the
conditions of the héat treatment (270°C, 1 hour) after the Ni
plating. This is referred to as "sealing action of Ni film"

‘herein. .

The sealihg action of the Ni film is shown in Figs. 3 to
5, which indicate that the sealing effect of the Ni film depends
on a thickness of the plated Ni film. Figs.. 3 to 3 show the
sealing effect of the Ni film or first electrode when a thickness
of the Ni film .is O;%pm, 1.0pm énd Z.me; respectively. The
first electrode (Ni) 2a of 0.5um or less in thickness causes
slight interstices which exist at the Ni film in proximity to the

graln boundarles of the PTC thermlstor body 1 as shown in Fig. 3
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with reference to the acconpanying draw ngs. - Referring first to
Fig. 1,” an enbodi nent of a PTC therm stor according to the present

invention is illustrated. Generally speaking, a PTC thernistor of the
i |l uStrated enbodi nent includes a PTC thernmistor body 1 and el ectrodes 2
formed on upper and | ower surfaces of the thernistor body 1. The

PTC therm stor body 1 is nade of a sem cdRduct or porcelain material mainly

consi sti R qfe RAHB eWe Hevi g p@ﬁféét/eof e@hétwﬂcﬁilﬁmﬁéah%@ng in water
characteristics.- The PTC:t? [m stor o%% %@% be fornmed into, for exanple,
d

a di sc- | FERRINS P 18Hn FHC of Demt st n%n?ﬁl?ﬁ.éﬁﬂéééy outwardlyThe

el ectr od@s s T abNStOrCt Rel ¢@ﬁ@r&rﬁvltmeetﬁﬁék@dessbfumtqpm (PREE 4) or
2a f rned on . each

particularly, t .eI rodes 2 include i rst
ot he ugsdFmard iueh) i ases Bt Ther Prt: {hcrthEbbE bhay P12 DntEancetang
eIectrod@hﬂ@ﬁ(yﬁnthmstﬁetérrsémeimﬁmgoﬂm 2ee PTC thermIbeoti bstiyelle€kbmade
thermi ot oF BRF ROl vl b Taecod rafelifi i1 m
havi ng a ctrateEaegsanasbe readlly produced
(3) Peeling Strength
Peeling strength was measured on Types 1, 4; 7, 8 and 9.
For this purpose, a lead wire of 0.5mm in diameter was mounted on
~the second electrode (Ag) 2b by soldering in a manner to be
parallel to a surface of the electrodes 2. Then, the lead wire
is vertically stretched wiﬁh respect to a surface of the PTIC
thermistor body 1, so that force which causes the lead wire to be
peeled from the electrpde was measured. The results were as
shown in Table 5. '

Table 5
Types of PTC Tensile ' Main
Thermistors Strength Peeling Mode -
(kgf) .

1 X = 2.5 Peeling between Body and Ni
4 2.3 Peeling between Body and Ni
7 2.0 Peeling between Body and Ni
8 1.7 Peeling between Body and Ni
9 1.2 Peeling between N; and Ag

Table 5 indicates: that the first electrode of 2.0um

(Type 9) in thickness causes the tenéile strength to be decreased
and the peeling to be carried out between the first electrode
(Ni) 2a and the second electrode (Ag) 2b. This would be for the
reason that an increase in thickness of the first electrode (Ni)
2a causes a surface of the first electrode (Ni) 2a to be rounded,
to thereby reduce unevenness on the surface. _Aiso, it would be
considered that the more a thickness of the first electrode (Ni)
2a is reduced, the more unevenness on the surface of the first
electrode is increased; so that an area of contact between the Ni
electrode and the Ag electrode may be increased, leading to an
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small as 0.2 to 0. 7pm and preferably 0.4 to 0.6pm In the illustrated

enbodi nent, the NI plating is carried out using a Ni- P alloy materi al

whi ch provides a plated fil mcontaining about 90% of Ni and about 5 to 12 %
of P.-The thickness bel ow 0.2, pm causes occurrence of unevenness of the
plating to be increased and the thickness above 0. 7pmtends to cause
craters to be produced in the Ni film asldescri bed hereinafter.

The seco | ectrade _ TR a filmor layer of Ag which is netal
of | ow cg%tcgc?%%reeg?lstpgr%cﬂemygrhe Iader may be formed into a thickness of 3 to

7pm The (Ag fiMohtage thrpldecorierel®®2% ode 2 may be formed using an
Ag paste material. yAg oaSitdndIS&L O ddW G PYE PRSCi Y rmittent load test

at a normal temperature, a continuous load test at an elevated
temperature and an intermittent load test in a wet atmosphere
while keeping a thickness of the first electrode (Ni) reduced
were carried out on the PTC thermistors of Types 1, 4, 8 and 9
and then a rate of change of initial resistance value of each of
the thermistors was measured. The results were as shown in Table
6. The intermittent load test at a normal temperature was
carried out in 1000 cycles at a .normal temperature, a normal
humidity, an AC voltage of 180V, load resistance of 12L) and a:
cycle wherein ON is kept for one minute and OFF is kept for five
minutes. The Continuous load test at an elevated temperature was
.carried out at a temperature of 150+2°C, an AC voltage of 180V
and load. resistance of 120 for 2000 hours. The intermittent
load test in a wet atmosphere wés carried out in 1000 cycles 4t a
temperature of 40+2°C, a relative humidity of 90 to 95%, an AC

voltage of 180V, load resistance of 120 and a cycle wherein ON is
kept for 30 minutes and OFF is kept for 90 minutes. The results'

were as shown in Table 6.

Table 6
Types of PTIC Test 1 Test 2 - Test 3
Thermistors :
1 +2.1~3.2 -0.2~4.4 1.2~2.0
4 +1.9~3.2 0.3~4.0 0.5~1.9
8 +1.6~2.8 1.0~3.8 1.3~2.7
9 ' +1.8~3.5 0.7~ 4.0 0.6~1.3

Table 6 indicates that there was not substantially
established ény correlation between a rate of change of an
initial resistance value of each of fhe thermistors and a
thickness of the first electrode (Ni) 2a. Thus, it was confirmed

- that the PTC thermistor of the present invention exhibits
substantially the same reliability in serviceability as the
conventional one in which the thickness is 2Z.0um, even when a

thickness of the first electrode (Ni) 2a is between 0.%pm'and
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-5- have such a conposition as shown in Table 1

Table T Conposition of Ag Paste Ag Powder _

100 parts by weight Spherical powder : 67.9 parts by weight
(particle size; 0.lpmor |ess) Spheri cal powder* 3 parts by
wei ght (particle size: 2 to 3pm FI ake powder

'29.1 parts by weight Frit (lead borositFiléate gl ass) 5 parts
by wei gh (or soda-linme glass) Vehicle :

47 parts by}helg
Further, another voltage application test or a crack

resistance test was carried out in order to determine
relatienships between a thickness of ﬁhe first electrode (plated
Ni filn) and resistance to cracking of the first electrode. For
this purpose, four kinds of PTC thermistors were used in the
test. 40 spec1mene were prepared for each of four kinds of
thermistors. The test was carried out in 30 cycles at load
resistance of 120 , an AC voltage of 220 to 300V and a cycle
wherein ON is kept for 6 seconds and OFF is kept for 294 :
seconds. The results were as shown in Fig. 6. 'Breaking modes
seen in the test each were a lamellar crack. '

As can be seen from Fig. 6, a decrease in thickness of
the Ni film permits a rate of failure of the PIC thermistor by a
crack resistance test to be reduced. The crack resistance test
is typically carried out with respect to a product which is
increased in inrush voltage, snch as an element for starting a
motor. One of reasons why a decrease in thickness of the Ni film
contributes to an improvement in resistance to cracking ﬁould be
that the decrease in thickness causes an internal stress of the
Ni film to be reduced, to thereby restrain a decrease in strength
of the PTC thermistor body. Another reason would be that an
increase in occurrence of the craters leads to an increase in
damage to the electrode, reeulting in a current distribution
being rendered non-uniform during the voltage application in the
crack resistance test, to thereby easily cause cracking.

Thus, the above-described tests indicate that the PIC
thermistor of the present invention exhibits a lot of advantages.

More particularly, the results of evaluation of the
craters indicate that the PTC thermistor of the present invention
effectively prevents occurrence of the craters after baking of
the second electrode (Ag), to thereby ensure a good appearance of
the PTC thermistor to increase yields of the PIC thermistor.
Also, the present invention is so constructed that the first
electrode (Ni) 2a is decreased in thickness to a level of O.me

or less. Such constructlon permits a period of time required for

Sheet Has Been Replaced

Hllllll \|I||| |\|I |I| i




Bi nder (ethyl cellul ose al kyd resin) Sol vent (butyl carbitol)

*The spherical powder provides a surface of the el ectrode forned
by baki ng with snoot hness. The Ag paste contains finely divided
spheitcal powders (particle size of O lpmor less) and |ow nelting glass,
resulting in formng an Ag filmof satisfactory conpactness and adherent
characteristics. Now, an exanpleléf formation of the el ectrodes on

the PTC taggmoaluds ot W loiRe dpscy 106l k6 CHENEED] 00 fha: tn che

First, the PTC therm stor ected to a degrea3|ng treat ment
(Step 1) cppve nsaomadulPAq thrtmﬂi%tqrmﬂ-’r%ré@qﬁw thelepk 2bkrgigt agent canf E6d may
be commer gl ko &V &ilg@bleF Aindi dfign AR hedead dd me:ﬁanJhﬁ&uw@gPJgst to be

therm stor body 1 is Imersed_in _a stannous chloride solution and then

washed wi Fﬁd\ﬂéﬁér Spddprentile Blife PrERIRN StortBodgrasent phveHRHEOD th

a cat al ysba(sSteep tde MOrpddlimdWdSaand tid Sindv@is64 iN gedBih@dsbfngen
chl ori de s h d then washed with water. Then, the PTC therm stor body

1 is subj 8 eélrae&“tlrrcﬂ 'ess Nj plating .
As can be seen from the foregoing, the PTC thermistor of

the present invention is constructed in the manner that the first
electrode is formed into a thickness as small as 0.2 to O. me, so
that water such as a Ni plating solutlon or the like entering the
PTC thermistor body may be readily outwardly discharged during
baking of the second electrode to substantially prevent
occurrence of craters in the first electrode. Such construction
ensures satisfactory ohmic contact between the PIC thermistor
body and the electrodes and prevents deterioration in appearance
of the thermistor to increase the yields. Also, in the present
invention, the heat treatment is carried out at a temperature of
500°C or less, to thereby improve the ohmic properties.
While a preferred embodiment of the invention has been

" described with a certain degree of particularity with reference
to the drawings, obvious modifications and variations are
possible in light of the above:teachings. It is therefore to be
understood that within the scope of the appended claims, the
invention may bé practiced otherwise than as specifically

described.
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(Step 3). In Step 3, a plated layer. or filmof Ni-P alloy is deposited on a
whol e surface of the PTC therm stor body 1 by electroless plating,

resulting in the first electrode 2a being formed on the PTC therm stor body
1. The PTC thernistor body 1 having the fi rst el ectrede-2a _thus forned
thereon is then subjected T

ihat fe Claimed ie. o R R

1. A PTC thermistor comprising:

-6-

a PTC thermistor body (1);

a first electrode (2a) arranged on said PTC thermistor
body and formed of Ni with a thickness of 0.2 to 0.7um by
plating; and

a second electrode (2b) arranged on said flrst electrode
and formed of metal of low contact resistance;

said metal of low contact resistance mainly consisting
of Ag. : _

2. A PTC thermistor as defined in Claim 1, .
characterized in that said second electrode is formed by baking
carried out at a ﬁemperature of 500°C or less.

3. A PTC thermistor as defined in Claim 2,
characterized in that said second electrode is formed of a
composition of Ag powder and frit selected from the group
consisting of lead borosilicate glass and soda-lime glass.

4., A process for manufacturing a PTC thermistor
comprising the steps of:

providing a PTC thermistor body (1l);

depositing Ni of 0.2 to 0.7Pm in thickness on a surface
of said PTC thermistor body by plating to form a first electrode
thereon (2a); and

depositing metal of low contact resistance on said first
elsctrode to form a second electrode (Zb) thereon. .

5. A process as defined in Ciaim 4, characterized in
that the process further comprises the step of providing:said PIC
thermistor body with a catalyst prior to the Ni plating.

6. A process as defined in Claim 4, characterized in
that the process further comprises the step of subjecting said
PTC thermistor body to a heat treatment after deposition of Ni on
said PTC thermistor body.

7. A process as defined in Claim 4, characterized in
that said step of depositing Ni on said PTC thermistor body is
carried out on a whole surface of said PTC thermistor body.

This Sheet Has Been Re ’i
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to a heat treatnent at 270[err]C for one hour (Step 45'"_'Tﬁ§i‘“"the—pl ated N
| ayer on a side surface of the PTC therm stor body 1 rinding
(Step 5). Thereafter, the second el ectrode 2b havi ng HE'@#FI m
7pmi's formed on the first electrode 2a by appl yi ng rst

el ectrode 2a by printing while being positioned on an | nterrredl ate port| on
of the first el ectrode 2a to expose an oufl&F end of the fi'rst eI ectrode 2a

by a distance or |gngt e d o 2 S o |d|
el ectrode 2a with exposr}\e?frro eusnscovere rHla‘} dﬂg %E\I\Il’lyi n rac e’('g%ga %51
Finally, thetAYipdsiresisedibjrect ercbnxphﬁzmlngﬁlmf&‘)@[@f re}ad oPTQOthenm.esor

(S7). resglo]a ng_sl '}etnlb%{d ﬁﬁ(}ts*&del_so gc}_esﬁ)%éni‘t{gjhééxpp fﬂ% metal of 156 gontact

i nventors rra vari ous of te Oor prepare
accordi ngrteéltsﬁénsreocedure descri bed above with refer ence to Fig. 2. The

tests were directeg tO@%&&@%td@ﬁn@d/aiﬂaélﬁhoi Céﬁéf»‘éétepﬁééﬂnﬂn
strength and voltage properties of the PTC thermstor. Types 1 to of PTC

t her mi st ot8akhis@d darsE ed (e fafmine 197 kk RRSOMF &L 9§ LF9d ¢n emas did bﬁkFﬁB
t enper at ueg e@ft rAU & riaM A &f hart asy W@yiﬁg bl pagr¥ebfto said first

electrode by printing.

"10. A process as defined in Claim 9, characterized in
that said prqcess.fufther comprises the step of subjecting said
Ag paste to baking. | '

1l1. A process as defined in Claim 10, characterized in
that said baking is carried out at a temperature of 500°C or

less.
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used for the tests. A plurality of the sanme speci nens were prepared for

each of Types 1 to 11. : TABLE 2 _
TESTED PTC THERM STORS ‘Types of PTC Thi ckness of Ni Ag
Baki ng Tenp. Thermi stors (pm ~ ([err]Q
1 0..2 = 50q§ 2

0.2 550 3T 0.2

600 4 ABSTRAQT ©F THE DISCLOSURE 500

8.5 0'§ ?Tgoéhermis;or capgg9$ of ensuring oh%;f contact

500 between a BTC thermistor bodyOand an electrode amdOpreventing

g.O deteriogaQiOFSga appearance o?ogyf'thermistor'tolgpﬁrease the

600 yields. The PTC thermistor includes a PTC thermistor body (1), a

first electrode (2a) formed of plated Ni of 0.2 to O.me in
thickness and a second electrode (2b) arranged on the first
electrode and mainly formed of metal of low contact resistance.
Moisture or water such as a Ni plating solution enters into the
PTC thermistor body during formation of the first electrode on
the body. The water'then bursts due to expansion during baking-
of the second electrode formed on the first electrode, to produce
craters on a surface of the second electrode. A decrease in
thickness of the first electrode to a level as small as 0.2 to
O0.7um facilitates outward discharge of the water to reduce

occurrence of the craters.
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(1) Test on OChmc Properties (Measurenment of Resistance)

Resi stance of each of Types 1 to 11 was neasured at a roomtenperature or
25[-enr] C. The results were as shown in Table 3, wherein o indicates an
acceptabl e'thermistor, X indicates an unacceptable therm stor and [err]

I ndicates a therm stor of an internmeldi ae [Zevel between the acceptable
therm stor. and the unacceptable therm stor. :

FIG. 1

N €P)
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2

P77 /////J/ZG}Z
NN %8 N NN N N \_zb
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DEGREASING - Step 1
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\ 3 .
. PROVISION OF ~ Step 2
CATALYST

1
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PLATING (Ni PLATING |~ Step 3
ON WHOLE SURFACE OF

PTC THERMISTOR BODY)

l

HEAT — Step 4

TREATMENT
B |
GRINDING OF PLATED Nif~Step 5
ON PERIPHERAL SURFACE
|
Ag PRINTING _-Step 6
_ _____ ' L
Thlss T . Ag BAKING | _/,Step 7
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TABLE 3 TEST RESULTS ON OHM C PROPERTI ES ' Types of

PTC . W Resistance _ Eval uati on Therm stors
([ergl) 1 4.8-5.0 ° 0]
2 ' ' 5.0-5.7 ' 3
6.3-8.7 X 2 / 2.4 4.8-5.0
O . ’ 5 4.9-5.5 [err]
6 5.3-6.5 X 7
4.8-5.0 . 4.8-5.0
e o F1G. B sso 8':IG 4, o 10
4.8-5.0 O , 11 ’ 4.9-5.1
O _ As can be seen fr Table 3, there is observed a tendency that a
decrease in thickigss of th Ozarst el ectrod A evel of 0.5pm or

4NU 2a to
| ess causes resi st e of TC therm sto be in

t he second el ect

17> 1

ed when baki ng of

37 1
2a
1
100 (Thickness of /.
Ni Film) L

—_ o---—0 0.2 um e

o° 804 e——e 0.5 um e

7; A—a~Aa 1.5 Mm ///

= -2 3.0 um

¢ 60

£ E

S

=5 40 4

o

w
S 2204 e

3

5

2 ¢

3 O'ﬁrT T T T T

220 ' 240 260 280 300
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(Ag) 2b is carried out at a tenperature of 550[err]C or nore. This \/\/()%Ijéf“f)@"zf
f6r ttfe reason that the gl ass conponent contai ned _in._the_ Ag_past '

through the first electrode (Ni) 2a into the PTC her!mﬂﬁriﬁbﬁd}/\-,- SG

resulting in an insulating layer being formed in prxiRityicho thhes SUES 368eq . 5.
of the PTC thernmistor body 1, |leading to an increas€ri.s -vr@5| StARCEH# 1o E“-%d 5.
When a thickness of the fi rst el ectrode (N) 2ais Met;weﬁm %PPQ,@W p PJB s
baki ng of the second el ectrode (Ag) 2b at a tenperagur, wqf’ 0 ” t®lsnsed =
bel ow pernmits an acceptance ratio of thelPTC therm stors to bé 1ncreas§d """

PTC THERMISTOR

BACKGROUND OF THE INVENTION

This invention relates to a positive temperature

coefficient thermistor (hereinafter referred to as "PTC
thermistor"), and more particularly to an electrode structure of
a PTC thermistor.

Conventionally, electroless Ni plating has been
typically employed for forming an ohmic electrode omn a PTC
thermistor body of a PTC thermistor. A thicknesé of a Ni fiim
formed by electroless Ni plating is required to be typically as
large as lym or more and more particularly 1.0 to 5.0pm in order
to establish satisfactory ohmic contact.

Also, the Ni film formed by electroless Ni plating
causes an increase in contact resistance of the PTC thermistor
and deterioration of the ohmic electrode with time due to
oxidation when it is solely used for the purpose of forming the
ohmic electrode. In order to avoid the disadvantage, a&-:ste of
Ag which is metal of low contact resistance. is applied td.the
plated Ni film, resulting in forming a multi-electrode structure.

More particularly, the conventional multi-electrode
structure for the PTC thermistor is formed by subjecting the Ag
paste applied onto the plated Ni film to baking at about 500°C.
Unfortunately, the baking causes moisture in the thermistor body
originating in a plating solution or the like to expand and
burst, resultiﬁg in a number of micro-craters being formed in the

. plated Wi film.. This leads to deterioration in appearance of the
' PTC thermistor to decrease the yields.
"Further, in the conventional PTC thermistor, the Ni film
3. formed by electroless Ni plating has a thickness as large as lum
or more, so that a length of time required for the plating is
disadvantageously increased. Also, this requires to use a
plating equipment pf an increased plating capacity and causes the

amount of plating material used to be increased, leading to an:

increasing.in.manﬁfécturing cost of the PTC thermistor.




- & g Japanese Patent Application Laid-Open Pu
236602/ 1989 di scloses that a plated NN filmof 0.7p
fails to provide a PTC therm stor with satisfactory
woul d be for the reason that baking of Ag is carrie
as high as 560[err]C In the above-descri bg¢d
the ohm c properties are evaluated by only o and x.
for such evaluation is not made cI ear. Sppposi ng that |

publication, evalu tlon of tr 9 ert| e basts of a
resi stance val ue as°TR°Yfe pf es“eri’t t%r} HFf5n° cpolggetﬁjs?ﬂln Erim gg Zpm

Japanese pubhbcai e thenventNiorfall MIGf tOeﬁ’lpmtﬂr bfedm ite tfRiidktespakai ks to
provi de the Bg‘;lm rmﬁ Ofowm%%n%fn@c}ggyspmé Y QRUIES Jetween Ni

unr easonable ecau di sregar dependence on a bak| r%% terrper ature
of and Ag due to mlcro craters in the plated Ni film. e

peeling test is generally carried out in a manner to apply an
adhesive tape to a sample of a Ni film and thgn peel the tape
from the sample to possibly form craters in the sample, resulting

in evaluating or determining the craters.

SUMMARY OF THE INVENTION

The present invention has been made in view of the

foregoing disadvantage of the prior art.

Accordingly, it is an object of the present invention to
ﬁrovide a PTC thermistor which is capable of establishing
satisfactory ohmic contact between a PTC thermistor body and an
electrode.

It is another object of the present invention to provide
‘'a PTC thermistor which is.capable of increasing yields of the PTC
thermisfor while providing it with a good appearance.

In accordance with one aspect of the present invention,
a PTC thermistor is provided. The PTC thermistor includes a PTC
thermistor body, a first electrode arranged on the PTC thermistor
body and formed of Ni with a thickness of 0.2 QP O.me by
plating, and a second electrode arranged on the first electrode
and formed of metal of low contact resistance. The metal of low
contact resistance mainly consists of Ag.

In the PTC thermistor of the present invention
constructed as described above, formation of the first electrode
on the PTC thermistor body causes water originating in a Ni
plating solution or the like to enter the PTC thermistor.
Therefore, when the second electrode formed on the first
electrode is baking, water in the PTC thermistor body bursts due
to thermal expansion to form burst marks or craters on a surface
of the first electrode. Formation of the first electrode with a
thickness as small as 0.2 to 0.7um restrains a sealing action of

the Ni film which is the first electrode. More partidular;y, the



the second el ectrode (Ag). (2) Evaluation of Crater
Traces) (bservation of craters produced oniiaAd
uncovered end portion G of the first electrode (N )2k on
el ectrode (Ag) is not forned were attenpted and, as\a red

body: 18mm a thickness thereof: 2.5m) were graded Yependi ng on.t unber

of craters produced. The eval uati on wasjmade on twen cl mens for
each of the t pes and craters which hav nore were

a
count ed. *PHEX Pé§ﬁ|?§rﬂk?% Re Stovgt it T I@q& n&ﬁé?é?ﬁ°€?5ﬂ%”ﬁ§?rﬁﬁ cates
t hat t he eavanggédindhbegedf tloratedr he ddudedmi,ntbhehétresy mieitiodqg is | ess

than 1, B4idi8hese  bAhells! S Thid Readd'doCobRdsEaLESrNBhnll dSnd Wi than
between the PTC thermistor body and the electrode, to thereby
increase yields of the PTC thermistor while providing it with a
good appearance.

In a preferred embodiment of the present invention, the
second electrode is formed by baking carried out at a temperature
of 500°C or less. The baking at such a temperature further
improves yields of the PTC thermistors.

In a preferred embodiment of the present invention, the
second electrode'is formed of a composition of Ag powder and frit
selected from the group consisting of lead borosilicate glass and
soda-lime glass.

' In accordance with another aspect of the present
invention, a process for manufacturing a PTC thermistor is
provided. The process comprises the steps of providing a PTC
thermistor body, depositing Ni of Q.Z to O.znm‘in thickness on a
surface of the PTC thermistor body by plating to form a first
electrode thereon, and depositing metal of low contact resistance
on the first electrode to form a second electrode thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and many of the attendant

advantages of the present invention will be readily appreciated
as the same becomes better understood by reference to the
following detailed description when considered in connection with
the accompanying draﬁings: wherein:

Fig. 1 is a sectional view showing an embodiment of a
PTC thermistor according to the present invention;

Fig. 2 is a.flow chart showing formation of electrodes
on a PTC thermistor body in a PTC thermistor according to the
present invention; '

Figs. 3 to 5 each are a schematic view showing a sealing
action of a Ni film which is a first -electrode; and

Fig. 6 is a graphical represenfation showing results of



-9- - TABLE 4 — " EVALUAT| ON

OF CRATERS Types of PTC Aver age Nunber JwﬁEET
Thermi stors of Craters 1 '

A 4 0

1.5 B 8

B 9 5.9

be seen from Table 4, the first electrod% (Ni) 2a

a crack resistance test.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, a PTC thermistor and its manufacturing process

according to the present invention will be described hereinafter
with reference to the accompanying drawings.

Referring first to Fig. 1, an embodiment of a PTC
thermistor according to the present invention is illusprated.
Generally speaking, a PIC thermistor of the illustrated
embodiment includes a PTC thermistor body 1 and electrodes 2
formed on upper and lower surfaces of the thermistor body 1.

The PTC thermistor body 1 is made of a semiconductor
porcelain material mainly consisting of BaTiO3 and having
positive resistance-temperature characteristics. The PTC
thermistor body 1 may be formed into, for example, a disc-like
shape of 18mm in diameter and 2.5mm in thickness.

The electrodes 2 are constructed into a multi-electrode
structure. More particularly, the electrodes 2 include a first
electrode ZaIformed on each of the upper and lower surfaces of
the PTC thermistor body 1 and a second electrode 2b formed on the
first electrode 2a. B

The first electrode 2a is provided on each of the upper
-and lower surfaces of the PTC thermistor body 1 by electroless Ni
plating and comprises a plated Ni film having a thickness as )
small ds 0.2 to 0.7um and preferably 0.4 to 0.6pm. 1In the
illustrated embodiment, the Ni plating is carried out using a Ni-
P alloy material which provides a plated film containing about
90% of Ni and about 5 to 12 % of P. The thickness below 0.2pm
causes occurrence of unevenness of the plating to be increased
and the thickness above 0.7um tends to cause craters to be
produced in the Ni film as described hereinafter.

The second electrode 2b may comprise a film or layer of
Ag which is metal of low contact resistance. The layer may be
formed into a thickness of 3 to aum.

The Ag film for the second electrode 2 may be formed

using an Ag paste material. Ag paste used for chis.purpése may



of 0.5pmor less in thickness effectively prevents occurrence of craters.in

the first electrode (Types 1 and 4). The reason woul d be ex '

basi s of a nmechani sm of occurrence of the craters. It NS e

that heat applied to the PTC therm stor during baking o nd

el ectrode (Ag) 2b causes water which entered the PTC thqr 's't)g)&@gdyml n
S

then was col |l ected at grain boundaries of the PTC ther mistior 1 or ikn
possi bl e voids of the body during the above-described cat a i
step or the above-described plating treaPment to burst dye to thernal
expansi onpak@seLting & ongsSterch bl Reopmoducedbia 1 he filst ekeetTode. The
reason why Types 7, 8 and 9 fail to prgygat yoccurrence of the craters is
that these types provide the first electtode (Ni) 2a in the formof a

conti nuous and dense filmto & carpsde ionf PfcAgnfPasee prevent the water from
bei ng out \@@rgwdg{,scharged through the first el ectrode gindasr ddryCanrdighicons
of the heat” treatnent (270[err]C, 1 hour) gféer t he tl)\li ‘Pl,ating. This is
referred to asSPEBEIFAY BRYIYN of N fil n®/hdr BPRES DY Welghtrp, qogiing
action of the N fi{partscbhosied:n Rilgsn oF fess)

Spherical powder* 3 parts by weight
(particle size: 2 to %pm) '
FPlake powder 29.1 parts by weight
Frit (lead borosilicate glass) o 5 parts by weight

(or soda-lime glass)
Vehicle 47 parts by weight
Binder (ethyl'celiulose alkyd resin)
Solvent (butyl carbitol)
*The spherical powder provides a surface of the
electrode formed by baking with smoothness.

The Ag paste contains finely divided spherical powders
(particle size of O.IPm or less) and low melting glass, résulting
in forming an Ag film of satisfactory compactness and adhergnt
characteristics.

Now, an example of formation of the electrodes on the
PTC thermistor body will be described with reference to Fig. 2.

First, the PTC thermistor body 1 is subjected to a
degreasing treatment (Step 1). More particularly, it is immersed

" in a degreasing agent -which may be commercially available and
then washed with water. Then, the PTIC thermistor body 1 is
immersed in a stannous chloride solution and then washed with
water. Subsequently, the PTC‘thermistor body 1 is provided with
a catalyst (Step 2). PFor this purpose, it is immersed in a
palladium chloride solution and then washed with water. Then,

" the PTC thermistor body 1 is subjected to electroless Ni plating
(Step 3). 1In Step 3, a plated layer or film of Ni-P alloy is
deposited on a whole surface of the PIC thermistor body 1 by
electroless plating, resulting in the first electrode 2a being
formed on the PTC thermistor body 1. The PTC thermistor body 1l
having the first electrode 2a thus formed thetebn is then subjected



5,/ whieh indicate that the sealing effect of the N f
t hi ckness of the plated Ni film Figs. 3 to 5 show't
the NN filmor first electrode when a thickness of thg
1.0pm and 2. 0pm respectively. The first el ectrode (
| ess in thickness causes slight interstices which exiqt jat t
proximty to the grain boundaries of the PTC therm st
Fig. 3 -6-

to a heat treatment at 270°C for one hour (Step 4). Then, the
plated Ni layer on a side surface of the PTC thermistor body 1 is
removed by grinding (Step 5). Thereafter, the second electrode
2b having a thickness of 3 to 7pm is formed on the first
electrode 2a by applying Ag paste on the first electrode 2a by
printing while being positioned on an intermediate portion of the
first electrode 2a to expose an outer end of the first electrode 2a

by a distance or length of 1 to 2mm, resqlting in providing the.
first electrode 2a with exposed or uncovered end G as shown in
Fig. 1 (Step 6). Finally, the Ag paste is subjected to baking at
.500°C for 10 minutes (S7), resulting in the electrodes 2 being
completed.

The inventors made various kinds of tests on the PTC
thermistor prepared'according to the procedure described above
with reference to Fig. 2. The tests were directed to ohmic
properties, evaluation of craters, peeling strength and voltage
properties of the PIC thermistor. Types 1 to 11l of PTC
thermistors which are different in thickness of a Ni £film and/or
baking temperature of Ag from each other és shown in Table 2 were
used for the tests. A plurality of the same specimens were
prepared for each of Types 1 to 11.

TABLE 2
TESTED PTC THERMISTORS
Types of PTC Thickness of Ni Ag Baking Temp.
Thermistors (pm) (°c)
1 0.2 ’ 500
2 .2 550
3 0.2 600
4 0.5 500
5 0.5 550
6 0.5 600
7 0.7 500
8 1.0 500
9 2.0 500
10 2.0 550
' 11 2.0 600



-10- to restrain the sealing effect of the N film r
remaining in the PTC therm stor body 1 being readily o
On the contrary, the thickness of 1.0pm(Fig. 4) or 2.p

the N

DM
filmto exhibit the sealing action which prevents WélﬁrAUB?Mkm ng
the PTC thernistor body 1 from being outwardly discharfefl through the |Ni
film so that the craters nay be readily produced. (3) Peellng trength
Peeling strength was measured on Types 4, 7, 8 and

(Fig. 5),caus

a lead wire of 0.5Min dianeter was nounted on the second eIectrode (Ag)
2b by solderiAgsitnoa HhnkerPropert ot dllledsuremgnsuefaBesasteneetl ect rodes

2. Then,

the PTC therm stor bod
peeled f rif™ HEm@RLEE

the | eadpekkerhfcyest I&@dﬂ YoStTygleGhad vl i1 ;@sPRELsiPed SUId ace

wherein o indicates an acceptable thermistor, X indicates an
unacceptable thermlstor and A indicates a thermistor of an
intermediate level between the acceptable thermistor and the
unacceptable thermistor.
TABLE 3
TEST RESULTS QN OHMIC PROPERTIES
Types of PTC Resistance Evaluation
Thermistors o)
1 4,8-5.0
5.0-5.7
6.3-8.7
4.8-5.0
4,9-5.5
5.3-6.5
4.8-5.0
4.8-5.0
9 4,8-5.0
10 4.8-5.0
11 ¢ 4,9-5.1 o}

As can be seen from Table 3, there is observed a

W N LW N
0O 0 0 0 X P o %X D o

tendency that a decrease in thickness of the first electrode (Ni)
2a to a level of 0.5um or less causes resistance of the PTC
thermistor to be increased when baking of the second electrode
(Ag) 2b is carried out at a temperature of 550°C or more. This
would be for the reason that the glass component contained in the-
Ag paste diffuses through the first electrode (Ni) 2a into the
PTC thermistor body 1, resulting in an insulating layer being
formed in proximity to the surface of the PTC thermistor body 1,
leading to an increase in resistance. .

When a thickness of the first electrode (Ni) 2a is
between 0.2um and 0.7pm, baking of the second electrode (Ag) 2b
at a temperature of 500°C or below permits an acceptance ratio of
the PTC thermistors to be increesed.

of

orce ich causes the |ead re to be
Eoeotads ons it T et tposb o caep houn Th fabfe 9



shown in Table 5. Tabl e SSHEE TC
Tensi |l & Mai n Thermi stors '

Peel i ng Mode (kgf) 1 = p.
Peel i ng between Body and Ni 4 . 305 A6 %ee i
bet ween Body and Ni 7 2.0 Peel i.ng n
Body and Ni 8 1.7 Peell ng bet ween Body and
Ni 9 1.2 Peel i ng bet weg '

Table 5 indicates that the first electrdde of 2.0 pm (Type 9) in thickness
causes the tensil g,3lanergt baE@n@eAﬁﬁpi@i\@ﬁfh anddtbgeperlbDgcioide ey ri ed

out betwe I rst. el ectrode h econ d electro Ag). 2b.
Thi's woul gy?)é: Zf/olrgatghéulséigfiﬁst ﬁ]é% %1 %ﬁ TN gte %nif“hl ckneb‘é o?rd‘ﬁ f "?rs
el ectrodetﬁi\hl)ne’&% daudes ta supfade af PThetfanmistokewitbdeatMNbfaowory be

rounded, ,ec@e rrgdyce e 0 £die 1h F3G8on AL bikyWy! ¢k
censi der ed t% t r?ggg a ?E?gkﬂgggéo? th ftl rst %I ggérodé (le\p%a |?€g

reduced, %hecwlee%r?ékfeﬁr‘ieé‘stSHPFﬁét‘éﬁ?f%ﬁ: & @5e of

In the above-described Japanese publication, the ohmic
properties are evaluated by only o and x. Unfortunately, a
method for such evaluation is not made clear. Supposing that in
the Japanese publication, evaluation of the ohmic properties was
made on the basis of a resistance value as in the present
invention, the conclusion in the Japanese publication that a Ni
film of 0.7pm or below in thickness fails to provide the PTC
thermistor with satisfactory ohmic properties is unreasonable
because it disregards the dependence on a baking temperature of
the second electrode (Ag).

(2) Evaluation of Craters (Burst Marks or Traces)

Observation of craters produced on a surface of the
uncovered end portion G of the first electrode (Ni) 2a on which
the second electrode (Ag) is not formed were attempted and, as a
result, the PTC thermistors of Types 1, 4, 7, 8 and 9 (a diameter
of the PTC thermistor body: 18mm, a thickness thereof: 2.5mm)
were graded depending on the number of craters produced. The
evaluation was made on twenty (20) specimens for each of the
types and craters which have a diameter of 0.2 nm or more were
counted. The results were as shown in Table 4, wherein Grade A
indicates that the average number of craters produced in the
first electrode is less than 1, B indicates that it is 1 to 5,

and C indicates that it is more than 5.



el ectrode is increased; so that an area of cont act bet'mmmgméde
and- t hé. Ag el ectrode may be increased, leading to an ~+ rﬁase
in peeling strength. (4) Voltage Application {Test ar ijous
| oad tests including an internmittent |oad test 05 AUG W94
i:i':_'i‘--"
\ -9-
TABLE 4
EVALUATION OF CRATERS
Types of PTC Average Number Grade
Thermistors of Craters
1 0 A
4 0 A
7 1.5 B
8 2.6 _ B
9 5.9 C

As can be seen from Table 4, the first electrode (Ni) 2a
of O.me or less in thickness effectively prevents occurrence of
craters in the first electrode (Types 1 and 4). The reason would
be explained on the basis of 2 mechanism of occurrence of the
craters. It would be considered that heat applied to the PTC
thermistor during baking of the second electrode (Ag) 2b causes
water which entered the PTC thermistor body 1 and then was
collected at grain boundaries of the PTC thermistor body 1l or in
possible voids of the body during the above-~described catalyst
providing step or the above-described plating treatment to burst
due to thermal expansion, resulting in craters being produced in
the first electrode. The reason why Types 7, 8 and 9 fail to
prevent occurrence of the craters is that these types provide the
first electrode (Ni) 2a in the form of a continuous and dense
film to a degree sufficient to prevent the water from being
outwardly discharged through the first electrode under the
conditions of the heat treatment (270°C, 1 hour) after the Ni
plating. This is referred to as "sealing action of Ni film”
herein. ’

The sealing action of the Ni film is shown in Figs. 3 to
5, which indicate that the sealing effect of the Ni film depends
on a thickness of the plated Ni film. Figs. 3 to 5 show the
seaiing effect of the Ni film or first electrode when a thickness
of the Ni film is O.me, 1.0pym and 2.0um, respectively. The
first electrode (Ni) 2a of O0.5um or less in thickness causes
~slight interstices which exist at the Ni film in proximity to the
grain Soundaries of the PTC thermistor body 1 as shown in Fig. 3
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craters may be readily produced.
(3) Peeling Strength _ .
Peeling strength was measured on Types 1, 4, 7, 8 and 9.
For this purpose, a lead wire of 0.5mm in diameter was mounted on
the second electrode (Ag) 2b by soldering in a manner to be
parallel to a surface of the electrodes 2. Then, the lead wire

is vertically stretched with respect to a surface of the PTIC

gnut es argd OFF J)ly or 90 m nut é°8-£ ethe s#ittsllv\n/le,r shovv% in Tabl e

thermistor body 1, so that force which causes the lead wire to be

peeled from the electrode was measured. The results were as
shown in Table 5. ’

Table 5
Types of PTC Tensile Main
Thermistors Strength * Peeling Mode
(kgf)

1 X = 2.5 Peeling between Body and Ni
4 2.3 - Peeling between Body and Ni
7 2.0 Peeling between Body and Ni
8 1.7 Peeling between Body and Ni
9 1.2 Peeling between Ni and Ag

Table 5 indicates that the first electrode of 2.0um
(Type 9) in thickness causes the tenéile strength to be decreased
and the peeling to be carried out between the first electrode
(Ni) 2a and the second electrode (Ag) 2b. This would be for the
reason that an increase in thickness of the first electrode (Ni)
2a causes a surface of the first electrode (Ni) 2a to be rounded,
to thereby reduce unevenness on the surface. Also, it would be
considered that the more a thickness of the first electrode (Ni)

2a is reduced, the more unevenness on the surface of the first

electrode is increased; so that an area of contact between the Ni

electrode and the Ag electrode may'be increased, leading to an



Types of PTC Test 1 Test 2 Test 3 Therm stors
+2.1- 3.2 -0.2---4.4 1.2 - 2.0 4 +1. 9-
32 0.3- 4.0 0.5- 1.9 8 +1 1.0-3.8

1.3- 2.7 9 +1.8- 3.5 0. 7- 40EEPDA@EMENTSHEET

Tabl e 6 indicates that there was not substantially et
correlation between a rate of change of an initial ré¢s{stapc é/%?lie pf{ each
of the therm stors and a thickness of the first elec{r dﬁgl‘dﬁ'f :

it was confirmed that the PTC thernistariof the presen
subst anti ahtyeide isapeenahigabikehythn serviceability

which the t k hi
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Various load tests including an intermittent load test

at a normal temperature, a continuous load test at an elevated
temperature and an intermittent load test in a wet atmosphere
while keeping a thickness of the first electrode (Ni) reduced
were carried out on the PTC thermistors of Types 1, 4,.8 and 9
and then a rate of change of initial resistance value of each of
the thermistors was measured. The results were as shown in Table
6. The intermittent load test at a normal temperature was
carried out in 1000 cycles at a normal témperature, a normal
humidity, an AC voltage of 180V, load resistance of 1200 and a
cycle wherein ON is kept for one minute and OFF is kept for five
minutes. The Continuous load test ét an elevated temperature was
carried out at a temperature of 150+2°C, an AC voltage of 180V
and load reéistance of 120 for 2000 hours. The intermittent
'load test in a wet atmosphere was carried out in 1000 cycles at a
temperature of 40+2°C, a relative humidity of 90 to 95%, an AC

voltage of 180V, load resistance of 120 and a cycle wherein ON is
kept for 30 minutes and OFF is kept for 90 minutes. .The results
were as shown in Table 6.

Table 6
Types of PIC Test 1 Test 2 Test 3
Thermistors
1 +2.1~ 3.2 ~0.2~4 .4 1.2~2.0
4 +1.9~ 3.2 0.3~4.0 0.5~1.9
8 +1.6~2.8 1.0~3.8 1.3~2.7
9 4+1.8~ 3.5 0.7~ 4.0 0.6~1.3

Table 6 indicates that there was not substantially .
established ény correlation between a rate of change of an
initial resistance value of each of the thermistors and a
thickness of the first electrode (Ni) 2a. Thus, it was confirmed
that the PTC thermistor of the present invention exhibits
substantially the same reliability in serviceability as the
conventional one in which the thickness is 2.0um, even when a

thickness of the first electrode (Ni) 2a is between O.%pm and



-12- 0. 7pm Furt her, another voltage application RE]
resistance test was carried out in order to determine rel afi pas !;

a thickness of the first electrode (plated Ni filn) and repifptance to
cracking of the first electrode. For this purpose, four kijhds OfS
therm stors were used in the test. 40 speci nens were prep
four kinds of thermstors. The test was carried out in 30jcycles
resi stance of 12[err] , an AC voltage of 220 to 300V and
is kept for 6 seconds and OFF is kept f 612294

O.me.

Further, another voltage application test or a ecrack
resistance test was carried out in order to determine
relationships between a thickness of the first electrode (plated
Ni film) and resistance to cracking of the first electrode. For
this purpose, four kinds of PTC thermistors were used in the
test. 40 specimens were prepared for each of four kinds of
thermistors. The test was carried out in 30 cycles at load
resistance of 120 , an AC voltage of 220 to 300V and a cycle
wherein ON is kept for 6 seconds and OFF is kept for 294
seconds. The results were as shown in Fig. 6. Breaking modes
seen in the test each were a lamellar crack.

As can be seen from Fig. 6, a decrease in thickness of
the Ni film permits a rate of failure of the PTC thermistor by a
crack resistance test to be reduced. The crack resistance test
is typically carried out with respect to a product which is
increased in inrush voltage, such as an element for starting a
motor. One of reasons why a decrease in thickness of the Ni film
contributes to an improvement in resistance to cracking would be
‘that the decrease in thickness causes an internal stress of the
Ni film to be reduced, to thereby restrain a decrease in strength
of the PTC thermistor body. Another reason would be that an
increase in occurrence of the craters leads to an increase in
damage to the electrode, resulting in a current distribution
being rendered non-uniform during the voltage application in the
crack resistance test, to thereby easily cause cracking.

Thus, the above-described tests indicate that the PIC
thermistor of the present invention exhibits a lot of advantages.

More particularly, the results of evaluation of the
craters indicate that the PTC thermistor of the present invention
effectively prevents occurrence of the craters after baking of
the second electrode (Ag), to thereby ensure a good appearance of
the PTC thermistor to increase yields of the PTC thermistor.
Also, the present invention is so constructed that the first
electrode (Ni) 2a is decreased in thickness to a level of O.me

or less. Such construction permits a period of time required for



seconds. The results were as shown in Fig. 6. Breaking
test each were a | anellar crack. As can be ses
decrease in thickness of the NN filmpermts a rate of
therm stor by a crack resistance test to be reduced. T
test is typically carried out with respect to a product 8
in inrush voltage, such as an elenent for starting a mbtar._One of reasohs
why a decrease in thickness of the Ni filmcontributes to an inprovemes in
resi stance to cracking would be that t he1décrease in thickness causes an

i nternal stresplafiddhad\ibef iodn@ thibe tedogedierth tderiehyg nesthaitnia the
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advant agesof the lead Mdme .particularly, the results of evaluation of the
As can be seen from the foregoing, the PTC thermistor of

the present invention is constructed in the manner that the first
electrode is formed into a thickness as small as 0.2 to O.me, s0
that water such as a Ni plating solution or the like entering the
PTIC thermistor body may be readily outwardly discharged during
baking of the second electrodé to substantially prevent
occurrence of craters in the first electrode. Such construction
ensures satisfactory ohmic contact between the PIC thermistor
body and the electrodes and prevents deterioration in appearance
of the thermistor to increase the yields. Also, in the present
invention, the heat treatment is carried out at a temperature of
500°C or less, to thereby improve the ohmic properties.

While a preferred embodiment of the invention has been
described with a certain degree of particularity with reference.
to the drawings, obvious modifications and variations are
possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifically
described.
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What is Claimed is:

1. A PTC thermistor comprising:

a PTC thermistor body (l);

a first electrode (2a) arranged on said PTC thermistor
body and formed of Ni with a thickness of 0.2 to 0.7um by
plating; and

a second electrode (2b) arranged on said first electrode
and formed of metal of low contact resistance; -

said metal of low contact resistance mainly consfsting
of Ag.

2. A PTC thermistor as defined in Claim 1,
characterized in that said second electrode is formed by baking
carried out g} a temperature of 500°C or less.

3. A PTC thermistor as defined in Claim 2,
characterized in that said second electrode is formed of a
composition of Ag powder and frit selected from the group
consisting of lead borosilicate glass and soda-lime glass.

4, A process for manufacturing a PTIC - -thermistor
comprising the steps of:

providing a PTC thermistor body (1);

depositing Ni of 0.2 to 0.7um in thickness on a surface
of said PTC thermistor body by plating to form a first electrode
thereon (2a); and

depositing metal of low contact resistance on said first
electrode to form a second electrode (2b) thereon.

5. A process as defined in Claim 4, characterized in
that the process further comprises the step of providing said PTIC

" thermistor body with a catalyst prior to the Ni plating.

6. A prbcess as defined in Claim 4, characterized in
that the process further comprises the step of subjecting said
PTC thermistor body to a heat treatment after deposition of Ni on
said PTC thermistor body.

7. A process as defined in Claim 4, characterized in
that said step of depositing Ni on said PTC thermistor body is

carried out on a whole surface of said PTC thermistor body.
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-13- the plating to be one third to one tenth as long as that in the

conventional PTC thermistor, pernmits the plating to be carried out with

hi gh efficiency and p cturing cosyto—be-reduced. Further,
the PTC therm stor ofﬂlm‘mllmlum Hmntlon pas &1 RHERG Hpgetizmgl t est and
is increased in peeling strengtth of the |lead wife. RtILAU; n As can be seen
fromthe foregoing, the PTC thernistor of the present mventi-on-.ils
constructed in the manner that the first electrode is forned into a

t hi ckness as small as 0.2 to 0.7 pm so"that water such as a Ni pl ati ng
solution or the |liBe eatproagss hes FHTeGiIrhﬂr RinsSCDaiboEy Wrilﬁtd’:&%ﬁd Vin
outwardly .di scharge g.bakin t $ el gct ubstatlally
prevent octg'ur%r gﬁcg g?gg{:g er’g 5 %13;}1‘9' rst %? gro{)jg cséﬁp'ltc(gns Fe :lon
ensur es saoidyf a6t oepovadi nre@ntmtdmwmwnt Ré PTTtheral sebhrldodorradtt he
el ectrodesandcRhe¥ents deterioration in appearance of the thermstor to °

I ncrease the yleldg Als I n the present
process as defined in Claim 4, characterized in

that said step of forming said second electrode on said first
electrode is carried out by applying Ag paste onto said first
electrode by printing.

10. A procéss as defined in Claim 9, characterized in
that said process further comprises the step of subjecting said
Ag ‘'paste to baking. ' .

l11. A process as defined in Claim 10, characterized in
that said baking is carried out at a temperature of 500°C or

less.
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I nvention, the heat treatnent is carried out at a tenperature of 500[err]C
or less, to thereby inprove the ohm c properties. Wiile a
preferred enbodi nent of the invention has been described with a certain
degree of particularity with reference to the draw ngs, obvious

nodi fications and variations are possible in Iight of the above teachings.
It is therefore to be understood that within the scope of the appended
clainms, the invention may be practiced otherw se than as specifically
descri bed.

- 16 -
PTC THERMISTOR

ABSTRACT OF THE DISCLOSURE

A PTC thermistor capable of ensuring ohmic contact

between a PTC thermistor body and an electrode and preventing
deterioration+in appearance of the thermistor to increase the
yields. The PTC thermistor includes a PTC thermistor body (1), a
first electrode (2a) formed of plated Ni of 0.2 to 0.7um in
thickness and a second electrode (2b) arranged on the first
electrode and mainly formed of metal of low contact resistance.
Moisture or water such as a Ni plating solution enters into the
PTC thermistor body during formation of the first electrode on
the'body. The water then bursts due to expansion during baking
of the second electrode formed on the first electrode, to produce
craters on a surface of the second electrode. A decrease in
thickness of the first electrode to a level as small as 0.2 to
0.7um facilitates outward discharge of the water to reduce

occurrence of the craters.

FIGURE 1
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1. ,A PTC therm stor conprising: a PTC therm stor body; a first electrode

pl ated onto said PTC therm stor body and conprising Ni having a thickness
of 0.2 to 0.7 pm and a second el ectrode arranged on said_f]|
and primarily conprising Ag, thereby having a | ow cont act |
A PTC therm stor as defined in claim1, wherein said secor

formed by baking carried out at a te

enper gt uke of 500[err] @
PTC therm stor as defined in claim 2;anm%lr eiﬁ sai d second ¥l

conprises a
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conposition of Ag powder and frit selected fromthe group consisting of

| ead borosilicate glass and soda-line gl ass. 4. A process for :
manuf acturing a PTC therm stor conprising the steps of: providing
therm stor body; plating Ni to a thickness of 0.2 to 0.7

said PTC therm stor body to forma first el ectrode thereo
metal of | ow contact resistance on £ai ¢fi@st electrode tp |§
el ectrode thereon. 5. A process as defined in claim4,
the step of providing said PTC therm stor body with a cat & | Ok heg
Ni plating step. 3:»1“ ocegy as defined i l.aim 4, fuft T ' ,
the step of heat trqati &,aiBPTC therm’stoﬁ(ﬁ@ftﬁ qai ' j-

on said PTC therm stor body.
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7. A process as defined in claim4, wherein said plating of NN on said P‘I’(‘E
‘therm stor body is carried out on the entire surface of said PTC therm stor

body. ' 15 8. A process
as defined in claim-Z_including removing said Ni_plated on a peripheral
surface of said PTC therm stor body prior-to sai demrgm{*ngu@;fj S; l(;llg’nat aq( y
of | ow contact rﬂ"lﬂﬂmrmkm f process as def il ngidi amd, "‘het pag d‘
. . . :' K “:’”""- i . 240 ...
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1. A PTC thermistor comprising:

a PTC thermistor body;

a first electrode plated onto said PTC thermistor body and comprising Ni having a
thickness of 0.2 to 0.7 um; and a second electrode arranged on said first électrode and

primarily comprising Ag, thereby having a low contact resistance.

2. A PTC thermistor as defined in claim 1, wherein said second electrode is formed by

baking carried out at a temperature of 500° C. or less.

3. A PTC thermistor as defined in claim 2, wherein said second electrode comprises a
composition of Ag powder and frit selected from the group consisting of lead borosilicate

glass and soda-lime glass.

4. A process for manufacturing a PTC thermistor comprising the steps of:

providing a PTC thermistor body; plating Ni to a thickness of 0.2 to 0.7 pm on a surface
of said PTC thermistor body to form a first electrode thereon; and
depositing metal of low contact resistance on said first electrode to form a second

electrode thereon.

5. A process as defined in claim 4, further comprising the step of providing said PTC
thermistor body with a catalyst prior to the Ni plating step.

6. A process as defined in claim 4, further comprising the step of heat treating said PTC
thermistor body after said plating of Ni on said PTC thermistor body.

-—

7. A process as defined in claim 4, wherein said plating of Ni on said PTC thermistor
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body is carried out on the entire surface of said PTC thermistor body.




%
'séi'drf‘l"rst el ectrode conprises printing Ag paste onto said first élrécirode.

+10. A process as defined in claim9, further conpri si f ki ng
sai d '‘Ag paste. 11. A process as defined in claim1l r[ﬁm mmﬂﬁﬂﬂ(m ki ng
is carried out at a tenperature of 500[err]C. or lesS.» ¢ L w s =*

15
8. A process as defined in claim 7, including removing said Ni plated on a peripheral
surface of said PTC thermistor body prior to said depositing of said metal of low contact
resistance.

9. A process as defined in claim 4, wherein said depositing of said second electrode on

said first electrode comprises printing Ag paste onto said first electrode.
10. A process as defined in claim 9, further comprising the step of baking said Ag paste.

11. A process as defined in claim 10, wherein said baking is carried out at a temperature
of 500° C. or less.
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