SPECI FI CATI ON [ TITLE OF THE | NVENTI ON] PCSI Tl VE
TEMPERATURE COEFFI Cl ENT THERM STOR 5 AND THERM STOR DEVI CE
UTELI ZI NG THE SAMVE [ CLAI MB] 1. A positive tenperature
coefficient therm stor conprising: 10 a positive
tenperature coefficient therm stor 1€l ement; first

el ectrode | ayers constituted of single or multi | ayers which contain
silver layers and which are rpR¢TeRTRELN principal surfaces of the
positive 15 tenperature coefficient t%ern1stor el enent in such a way

t hat edges thereof recede inward from outer peripheries of t he
positive tenperature coefficient therm stor el enent; and

second el ectppade d ayerseCangeNrybry of layers which 20  contain al um num
as a principal conmponent and which are formed so as to cover surfaces

and sides of the firPdSITIVE TEMRERATURE CQEFEICIENT THERMISTORe positive
tenperature coefficient thermstor as defined in claim1l1l, wherein the
second d& ectrode | ayerANIIBHERMISTORO PEVICE! UBLIDIZING CREE | $AMBri nted | ayers
containing 5 to 60 vol % conductive boron-conpound and al um num

3. A positive tenperature coefficient therm stor conpri si ng:

[CLAIMS]
1. A positive temperature coefficient thermistor
comprising:
10 a positive.temperature coefficient thermistor
element;
first electrode layers constituted of éingle or
multi layers which contain silver layers and which are
formed on both principal surfaces of the positive
15 temperature coefficient thermistor element in such a way
that edges theredf recede inward from outer peripheries of
the positive temperature coefficient thermistor element;
and
second electrode layers constituted of layers which
20 contain aluminum as a principal component and which are
formed so as to cover surfaces and sides of the first
electrode layers.
2. The positive temperature coefficient thermistor as
defined in claim 1, wherein the second electrode layers are
25 constituted of thick-film printed layers containing 5 to
60 vol% conductive boron-compound and aluminum.
3. A positivé temperature coefficient thermistor

comprising:



2 a positive tenperature coefficient therm stor el enent ;
first el'ectrode | ayers formed on both principal surfaces of the
positive tenperature coefficient therm stor 5 el enent ;

second el ectrode | ayers which contain silver as a princi pal conponent
and which are fornmed in such a way that edges thereof recede inward
fromedges of the first el ectrode ?ayers and 10 third

el ectrode | ayers canabiinigl elnBLHffLEHE cooreid BT SrdMiMoRN are formed

in such a way as to Cover econ ectrode | ayers.

therm stor dqypegtconprising: a positive tenperature
coefficient thermstor 15 el enent ; a positive tenperature

coefficient therm #iekt electkBabUlaPere! stnadlem Wthh priiaciigpaled on both
princi pal surfaces of the positive tenperature coefficient thermstor
el enent and guf faldieeh cgutBENPSEitaver semperaturs roouffiysest thermiswdr
termnals that support the positive tenperature coefficient-

t herm stsor elememtsi des, wherein at |east those areas of the
term nal s that are in contact with the positive tenperature
coefficient 25 wecomdsedeckredentieyers wkids eoni@imhallysss afol for m an
alum num al | oy having a nelting point of 300[err]C or |ower.

The t her ni sbaingdpade cempaapnteaninwiahpre fgwied in such tané’aé’u%\aince i's

one of nickel, silver, copper, alumn
edges thereof ggcede 1nwardn}rom edges of the first

electrode layers; and
10 third electrode léyers constituted of aluminum
| layers and which are formed in such a way as to cover the
second electrode layers.
4. A thermistor device comprising:
a posifive temperature coefficient thermistor
15 element;

a positive temperature coefficient thermistor
including electrodes which are formed on both principal
surfaces of the ﬁositive temperature coefficient thermistor
element and in which outermost layers are aluminum layers;

20 and

terminals that support the positive temperature
coefficient thermistor on two sides,

wherein at least those areas of the terminals that
are in contact with the positive temperature coefficient

25 thermistor are made of a substance that does not form an
aluminum alloy having a melting point of 300°C or lower.
5. The thermistor device as defined in claim 4, whekrein

the substance is one of nickel, silver, copper, aluminum,



3 titanium or an alloy of two or nore of them [ DETAI LED
DESCRI PTI ON OF THE | NVENTI ON] [ TECHNI CAL FIELD] 5 The

present invention relates to a positive tenperature coefficient

therm stor and a therm stor device : in which the therm stor is used,
and in particular to an el ectrode structure thereof. 10
[BASKGRCUND ART] ] Ckide sem ¢onductors in which yttrium

neodym um t he e d it of 0.1to 0.3 at %
to %Jﬁ?%% &% % ngg‘gstﬁqggméerrpera ure coefficient

and are thus referred to as PTC therm stors. Because such PTC
therm stors all ow tenperature zones haV|ng a substantial positive

tenperature f&eﬁﬂmﬂﬁfﬁgédkf@mon oF TREUERVEMrioNpddi ng strontium |ead, or
the |Iike, they have come to be regarded ‘as essential in a wde

variety of rrecuMicidsIszigh as [ow tenperature heaters and circuit 20
el ements for degaussing color televisions, starting notors,

preventisg excess Cihd @irleseimAadinvengibanpelates eso arp:bs:?ma.ve li ke.

As shown in Figure 21(a), such therm stors conprise a thermstor

el ement JJ.(ﬂnmpenﬁtdne:ncﬂﬁﬁmcﬂgn&nthnrﬂestoﬁ5andoartkﬂnmxStQﬂtdQﬂk?e

chl oride, or other conpound of a netal such as barium titanium or
neodymi um i othich tihen thermisftormdd aed, t fed shapeapficukay £y nder or-

the like; first el ectrode | ayers 12a and 12b consisting of
ni ckel - pl at @flectrode structure thereof.

10 [BACKGROUND ART]

Oxide semiconductors in which yttrium, neodymium, or
the like has been added in an amount of 0.1 to 0.3 at % to
BaTiO, have a substantial positive temperature coefficient
and are thus referred to as PTC thermistors.

15 Because such PTC thermistors allow temperature zones
having a substantial positive temperature coefficient to be
regulated by adding strontium, lead, or the like, they have
come to be regarded as essential in a wide variety of
fields, such as low temperature heaters and circuit

20 elements for degaussing color televisions, starting motors,
preventing excess current, measuring temperatures, and the
like.

As shown in Figure 21(a), such thermistors comprise
a thermistor element 11 obtained by sintering an oxide,

25 carbonate, nitrate, chloride, or other compound of a metal
such as.barium, titanium, or neodymium, which is then
formed into the shape of a thin cylinder or the like; first

electrode layers 12a and 12b consisting of nickel-plated



4 | ayers formed on the upper and | ower sides of the el enent 11;
and second el ectrode |layers 13a and 13b contai ni ng silver as a
pri-nci pal conponent fornmed on the el ectrode | ayers 12a and 12b. 5
Such a positive tenperature coefficient therm stor is ordinarily used
with the application of voltage between t he second el ectrode | ayers
13a and 13b. This causes a so-calléd m grati on phenonenon, that is,

LEE I A e B S O R 0 0 Biad S

precipitate I'réc electric tield. A particular

di sadvant agg1l,S ahBkeBRA bPEcPHLEE DEydRhSI3L S 188 containiagond
el ectrode layers are tornmed In such a way that they reach the outer

peripheri es g9f ybhe aR08l bkiﬁciﬁ&.’ﬂe&@ﬁwx%ntz fornk@eidn @henelebraidet or
el-enent 1, silver noves and 5 . precipitates in the direction of the

electric fiabgeds k28 and 12BUter peripheries of the positive tenperature
coefficient therm stor elenent 1, causing short circuits.
To addr@ss this prghchma pesibhive temperatwrs ddgfficient phermiegor
tenperature coefficient therm stors have been 20 proposed in which the
out er di anetier sxrdfinbiré lycusad with thé capplbiatigrent aod tegee beweresr t han
the outer dianeters of the first electrode |ayers. A
drawback of thiei secondcedeectrpdaclayerssiigandgiiihe This Causes &
di rensions of the second el ectrode |ayers are 25 nade sng%kfg, han t he

|

outer di mensPofalded RAgratipn phenopereR s othet dyer SUSRS e85 the
ayers. . ingider sheh FRCORAIPIEHTHRAULEYES D8 MPVA AR B SBADASET 0

10 in the direction of the electric field. A particular
disadvantage is that when the outer peripheries of the
second electrode layers are formed in such a way that they
reach the outer peripheries of the positive temﬁerature
coefficient thermistor element 1, silver moves and

15 precipitates in the direction of the electric field at the
outer peripheries of the positive temperature coefficient
thermistor element 1, causing short circuits.

To address this problem, as shown in Figure 21(b),

positive temperature coefficient thermistors have been

20 proposed in which the outer diameters of the second
electrode layers are made smaller than the outer diameters
of the first electrode layers.

A drawback of this structure, however, is that since

the outer dimensions of the second electrode layers are

25 made smaller than the outer dimensions of the first
electrode layers, the portions of the first electrode
layers that are not covered by the second electrode layers

are readily oxidized because of being directly exposed to



5 t he atnosphere, and the contact resistance gradually I ncreases.

In addition, because silver mgration is a phenonmenon i nvol vi ng
novenent in the direction of the 5 electric field, the silver contained
in the second el ectrode | ayers is exposed even when attenpts are nade
to draw i nward the peripheral portigns of the second el ectrode

| ayers alone, as is the case in conventional exanples, with the result

that m gratipg 4 %g e%g?lEnFOEﬁHréonééEtrEEEﬂéﬁﬁﬂﬁﬂsgr%BﬁaHHQ probl em of
short circuits can | eviated but not sol ved conpletely.

I n addi tioneheslseades for conventional positive tenperature
coefficient thermstors are formed using pl ati ng techni ques, so these

nmet hods invol ve than dddifedal r bétausefsiivepimigrarion disi @an into the
sintered conpacts during the nickel plating in the course of

el ectrode f ghshicmenonOdeasilenayl yovehest | bwethe tdicrection odsitdieance val ue
and causes ot her changes in the characteristics of the sintered
conpact § Thdsetrianddeld?20thet akdvehecombpimed ighahectsedond ¢ changes and
nmay appear i medi ately following formati on or devel op gradually over
time. As des@ddm@@bdwemhésﬁspeﬁegpﬁvfmalh%hsaﬁﬁ?@!% are” madeefler at ur e
measur enent and control, conpensation, gain adj ust ne power
neasurenentdr@ME#@MﬁF@nﬁhﬁrE@Eh?hﬁﬁal E%xt%ﬁﬁ§n°§n?§%|§ﬁf° cﬁyode

degaussing, .and the _|like. Eac t h
the resistad@¥eFs gdope, as lscﬁh?rﬁ??%dlﬂn??PYﬁiﬁiﬂ&F@C:%%%ﬁh? ﬁhrggbfcgg

for mhlcFltl%%e resul%p%%h mgggg io ?65fb§f% §Héf¥1'858ﬁ1%? used. The

changes in
10 nonetheless, and the problem of short circuits can be

alleviated but not solved completely.

In additidn, electrodes for conventional positive
teﬁperature coefficient thermistors are formed using
ﬁlating techniques, so these methods involve the

15 penetration of the plating solution into the sintered
compacts during the nickel plating in the course of
electrode formation. Occasionally, this lowers the
resistance value and causes other changes in the

' characteristics of the sintered compacts. Thesé changes

20 take thé shape of characteristic changes and may appear
immediately following formation or develop gradually over
time. As described above, thermistor applications include
temperature measurement and control, compensation, gain
adjustment, power measurement, overcurrent prevention,

25 motor starting, color TV degaussing, and the like. Each of
these applications requires that the resistance value be

controlled with high precision, and devices for which the

condition R+o$% is satisfied must be used. The changes in



6 . t.he re5|stance val ue that are induced by the penetration of

the plating solution have therefore become a serious pr obl em
Met+hods have al so proposed in which the penetration 5 of plating
solutions is prevented by form ng al um num or sone other lownelting
metal by netal spraying, and using t he product as the el ectrode.
These net hods, however, are still dlsadvgntageous I n that t he abrupt

temerature%t erér#l%gxheo%ﬂﬁed%ﬁ‘%\@gar Omd@ég&t ﬂkfh Pdrd miie' e

cracking in s orin ves.

The i nvent orghea GArRSITRA é&lh%ll@:hohb%@ @Me?é?&@é'ﬁl&zome a sdriolgpanese

Lai d- Open Patent Application 6-5403 therm stor electrode structure
obt ai ned usigi®biamnr- 15 dep05|ted fllns or printed el ectrodes
cont ai ni ng al um num as the principal conponent. No mgration at al
occurs in t hiMethiodsC hakve BReauUpfopbsE®nimiwleicl WhHe WarRsridtE on

princi pal conmponent. In addition, the use of printed or

vapor - déposiafeplating ispludiessdiisapréeveyted t by utoraiugy refl urithum erracki ng i n
the el ements thenselves. A serious di sadvant age, however, is that
because t he sames othienc thoydamelting netahdey ofetalirdprayiog .t nd jugdng he

el ectrode itself has substantial resistance and is unsuitable for
circuits  ‘the @xadpaigasoiber 8lpesrgdearge currents. 25 Anot her -
proposal (Japanese Lai d- Qpen Patent Appl i catjon 5-109503 nvol ves an
el ectrode struct uré['rﬁeﬁ meth&?ﬂ?chhﬁ’f’ﬁi’%?f oﬂreﬁ§‘ﬁﬂ'Jelv sgjiw aeﬂ%ﬂ“r?g%ﬂ ckel

el ect r odes first el ectrodes over the entire surfaces of the
that %%e abrupt %empera%ure changes éiat occur ufi

10 electrode formation induce cracking in the thermistor
_elements or in electrodes themselves.

The inventors addressed this problem by proposing,
in Japanese Laid-Open Patent Application 6-5403, a
thermistor electrode structure obtained using vapor-

15 deposited films or printed electrodes confaining aluminum
as the principal component. No migration at all occurs in
this structure because it contains aluminum as the
principal component. - In addition, the use of printed 6r
vapor-deposited films improves durability without causing

20 cracking in the elements themselves. A serious
disadvantage, however, is that because the first electrode
is made of aluminum or the like, the electrode itself has
substantial resistance and is unsuitable for circuits
carrying comparatively large currents.

25 Another proposal (Japanese Laid-Open Patent
Application 5-109503) involves an electrode structure in
which migration is prevented by forming nickel electrodes

as the first electrodes over the entire surfaces of the



7 . both principal sides of a therm stor el enent, |eaving gap ar eas
around the el ectrodes, form ng second el ectrodes containing silver as
the principal component, and form ng third el ectrodes containing

al um num and silicon to cover 5 the gap areas. A serious disadvantage,
however, is that when surface irregularities are formed in this
structure and two superposed elenents are used, it is inpossible to

obtai n adeqygts pRehERbafOBlacs of ¥ el Akfent, 1leadihgughpourrent

flows. 10 educe the residual current, it was proposed to

use a two- eheHRA aEYRRGIEMECELAAL MRS, ¥ d¥etidg ¥econd elbetpeaakure
coefficient thermstor for coil -applications is heated by a positive

t enper at ur ecéﬁ%&ihih?”éilb@f nast ehe fPfincipal kemipohentp! aadt fopmingut in
this case the thermal contact 15 bet ween the el ements was poor when

i rregul arit thirdr @lectrodésr sentaining alwdnodandusiiddesn rakcoygert

I npossible to | ower the residual current. [ PROBLEMS TO BE
SOLVED BY THBel YeBNarenE. 2B serious disafiwuteae ajovwevesuchsathahventi onal
el ectrode structure is that the contact resistance is increased when
the use of whepesurfageoidseguharities mng ifpunedd ipnthis struciprenpt to

prevent m gration. In addition, a dLsadvantage QE t he
structure i and2twouFEPRTRABedr ebaments |38 Used nd todSeAMBRAEIRARY Yhor ti ons,
el ectrodes containéggﬁsilver as the prjncipal .conmponent, ar f or med,

and these g9ptatBa Hatg, et t FPRY T a con5188F8§§8d of al uni num

and silicon Lg,thal because sibver 'S

10 To reduce the residual current, it was proposed to
use a two-element type device in which a positive
temperature coefficient thermistor for coil applications is
heated by a positive_temperature coefficient thermistor for
heater applications, but in this case the thermal contact

15 between the elements was poor when irreguiarities are
formed on the electrode surfaces, making it impossible to

lower the residual current.

[PROBLEMS TO BE SOLVED .BY THE INVENTION]
20 A disadvantage of such a conventional electrode
structure is that the contact resistance is increased when
" the use.of silver is avoided and aluminum is used in an
attempt to prevent migration.
In addition, a disadvantage of the structure in
25 which gap areas are left in the outer periphery portions,
electrodes containing silver as the principal component are
formed, and these gap areas are covered with electrodes

composed of aluminum and silicon is that because silver is



-

8 . exposed in sone areas, mgration is not adequately prevent ed,
and satisfactory thermal ‘contact cannot be obt ai ned when
ircegularities are formed on the surface and two superposed el enents
are used, thus increasing the 5 residual current. An obj ect
of the present invention, which was g perfected in view of the above
situation, is to provide a positive tenperature coefficient

thefnistor Q@%ﬁ@e 2 8bme areago E§f%¢&5h ié”ﬁﬁﬂ“&dﬂd@@ﬁ%l@nd hi ghl'y

reliable, mgration fo be conpletely prevented, and is suitable

for Cb&‘é%h%e\i‘ t anhagaelgyaeeaﬁ thermal cdr¥a®hScEans®@ Ye THE
PROBLEMS] In view of this, the first distinctive feature of

15 the pr%b%&&nbﬂv%bhoﬂrréghmafltieﬁomIﬁﬂﬁnéd 8l thlec churddee and

| ayers containing silver layers which are fornmed on the bot h

princi pal sitsies superppeeidt elembatpeant usedpefiisiiomreasing tther ni st or

el emrent and in which the edges recede i nward fromthe outer

peri phems es resitdualposirtvend.t enperature 20 coefficient therm stor

el ement, and second el ectrode | ayers constituted of |ayers which
cont ai n al uni num as Arhebject OﬁrthelBE?S%Qﬁqkﬂﬂﬁﬂt¥9ﬂ}\M¥%9$-§ﬁ§ formed in
such a way that they cover the surfaces and sides .of the f rst

el ectrode Pperfecies 4n V2§W of the abpy¥ecFLHIgtiqThe Jsseéi?ncl’r@

| ayers are configured with thick- fl|ﬂ] rinte Ia cqntalnlng 5to
60 vol t conGE@FF%gebGF%PGEBFHEEnﬂoeggéﬁ+%n5n qﬁﬁh\ ©&%ddi ti on

to TlB[err]th:g%é%% %&tE%%a %gogtggfgoungsh1§§¥§'féllable, allows

10 migration to be completely prevented, and is suitable for

circuits with large currents.

[MEANS fO SOLVE THE PROBLEMS]
In view of this, the first distinctive feature of

15 the present invention is that it comprises first electrode
layers containing silver layers which are formed on the:
both principal sides of a positive temperature coefficient
thermistor element and in which the edges recede inward
from the outer peripheries of the positive temperature

20 | coefficient thermistor element; and second electrode layers
constituted of layers which contain aluminum as the
principal component and which are formed in such a way that
they cover the surfaces and sides of the first electrode
layers.'

25 Preferably, the second electrode layers are
configured with thick-film printed layers containing 5 to
60 vol% conductive boron-compound ceramic and aluminum.. In

addition to TiB,, the conductive boron-compounds used in



9 this case may be one or nore conpounds (or conbinations

thefeoff sel ected fromthe group consisting of diborides

such as

ZrB[err], H B[err], VbB[err], TaB[err], CB[err], and MB[err]; the

nonoborides TiB, ZrB, H B, VbB, TaB, C B, ©MB, WB, and N B;

5 and the

conpounds V[err]B[err], V[err]Blerr], NoJerr]B[err], No[err]B[err],
Ta[err]Blerr], Ta[err]B[err], Cer]Blert], Mo[err]B[err],

Wolert]Blerplo VESELIqhebd ol [ gr]og[eegolnpoﬁﬂgssksgl:&nbinati ns _ The

re o resent I

vention Ist

at 1t

compr i Ses T Lhah ok eCALPUSCAAE N the qrlRiITEngRsthRgbOENppbRSaRS! Si des

of the posi
el ectrode | gyersSag0pshi t wirdy, b)Y 1ok, SidMey, bawemss]ormsl

enperature coeffticrent thermsStor el enent, second

in such a

way that the edges recede inward fromthe e ges of the first
el ectrode | pyReBoredesthind st@ectHfEle WbB,emaB, CrB,CHMOB} i WB} eandf NABuni num
| ayers formed so as to cover the 15 second el ectrode | ayers.

The thigd dasdi oeéi gempeands ev8f, WS, presmy} Nb,B,, Taysnt T'ayB,i, SCrBy, it

conprises a positive tenperature coefficient therm stor

I ncl udi ng

el ect_rodes MBJRh BbeB., W,B,,f oigBg @md BeChot h princi pal sides of a
therm stor elenent 20 and in which the outernost |ayers are alum num
| ayers, and The nsecdrd tdigtingiive fiaafuresgfpsbe PRESPBEI ti ve

tenperature coefficient thermistor; and that at | east those

areas of

the term nalBventionr&s|thabnthgomprisasmdirst elgedredGeleBfberat ure
coefficient therm stor.L are confi 25 ubst ance that does not

ed ) i th
forman al uFPFER{aPRoYRE bOthrﬁﬁﬁl”(h?%nﬁﬁﬁeﬁgkgoFﬁFSBPsé OF€rr]C or | ower.

L AR S e, st (1

ni ckel

electrode layers constituted mainly of silver layers formed

in such a way that the edges recede inward from the edges

of the first electrode layers, and third electrode layers

constituted of aluminum layers formed so as to cover the

15 second electrode .layers.

The third distinctive feature of the present

invention is that it comprises a positive temperature

coefficient thermistor including electrodes which are

formed on the both principal sides of a thermistor element

20 and in which the outermost layers are aluminum layers, and

terminals that sandwichingly support the positive

temperature coefficient thermistor; and that at least those

areas of the terminals that are in contact with the

positive temperature coefficient thermistor are configured

25 with a substance that does not form an aluminum alioy

having a melting point of 300°C or lower.

Preferably, a distinctive feature of this substance

is that it is nickel; silver, copper, aluminum, titanium,



10 , or an alloy thereof. [ FUNCTI ON] The
af orenenti oned structure involves using silver 5 el ectrodes with

sati sfactory el ectrical conductivity and conpl etely coating these
silver electrodes with alum num el ectrodes, thus excluding any danger
that short circuits w il be causequpy m gration. The
formation of the electrodes in the af or enent i oned structure may be

ef fected by vapor ?ggftlon thlck filmprinting, or other such dry

process. or allo?hggg ore possible to formel ectrodes having superi or

bondi ng propertles and | ow contact resistance while preventing
solutions or the |like from causing any changes 15 I n characteristics due
to the cont @ﬁﬁﬁﬁﬂryﬁ]of t he exposed portions of the surfaces and rear
sides of the therm stor el enent during el ectrode formation.

The af orement i oned el SifoskhdatiibRed N¥oLy¥Etulf®rifividlves usifg stilslesct r ode

| ayers containing silver layers that are 20 forned in such a way that
the edges reqedariodesy ¢ifthogathefactory oslectybralp emdssWivitye spdsi ti ve

t enperature coefficient t herm stor elenent, and form ng second

el ectrode | apanpdetely coamangtmhedeoslbveM1¢i¢mt¥Qdﬁ$;Wiihuﬁkﬂm#WW@surfaces
and sides of the aforementioned first electrode |layers, making 25

it possi bl e eleatxiodesi,n thus excdudingl arynderdsyithRtaShort Circuitisst act ory
| evel and to conpletely prevent the_ energence of mgration. It is
desi rabl e f atildhdes cepwedeb¥cmiggation. | gyers to be configured as

thick-filmprinted Ia
P yformatlon of the electrodes in the

10 aforementioned structure may be effected by vapor
aeposition, thick-film printing, or other such dry process.
It is therefore possible to form electrodes having superior
bonding properties and low contact resistance while
preventing solutions or the like from causing any changes
15 in characteristics due to the contamination of the exposed
portions of the surfaces and rear sides of the thermistor
element during electrode formation.
The aforementioned first structure involves forming
first electrode layers containing silver layers that are
20 formed in such a way that the edges recede inward from the
outer peripheries of the positive temperature coefficient
thermistor element, and forming second electrode layers
constituted of aluminum layers to cover the surfaces and
sides of the aforementioned first electrode layers, making
25 it possible to maintain the electrical conductivity at a
satisfactory level and to completely pfevent the emergence
of migration. It is desirable for the second electrode

layers to be configured as thick-film printed layers



containing 5 to 60 vol % conductive boron-conpound and al um num

t hereby preventing conductivity from being
trapped during the baking of el ectrodes, and naking it possible to

mai ntai n satisfactory 5 electric contact properties even in those regions

wher e t he
cont act .

i nvention, t f i @nof fr r I |t

el ement i § F%%ﬁg@%ﬂ%%t% £3 Gk.ggi? ggnghcfiég:()fdh d¥np

element s QVHicni iRy brsbefbenh Aifuctivi tsich w¥ilhd he second

el ectrode | ayers aré fornmed“on the f

Accor di ng t q dfel-clah igh@nS Wwhidsl Bk?g@iﬁ ihetpsgsedtauring they ki dreat is
oW ng t hrough the points of contact,

that is, thglegtrddesCoRhaAChaking iBOpOESiblet v anidimilre iwatialfactadyt he

evol ved by the large currents f

| onered even when oxygen is

therm stor elenent and t second el ectrodes are in direct

According to the seécond structure of the present

q?%d afaer m st or

ause the enfire surface the therm stor

I rst el ectrode | ayers.

el ectrodes every tine the voltage is swtched on, with the result
that the eledtaipekantaeti propaseses oswdh yin ridasds npgEons giheae dbsut 20
200[err] C, but because the surfaces of at |east those areas of t he
term nal s tthermistor edemeot ahdhtheeseosnd ekectrodes @nsedm @igect
coefficient therm stor are nade of a nmateri al t hat does not form
al um num al lcoydasft.300[ err] C or | ower, no separation occurs, and the
existing state can be 25 satisfactorily greserved. Materials that form
hi gh- mel ti ng Agcomddng &P he, segend :StiicRere f Khe PRasHY |
al um num . titanium and all oys gh reof, are desirable fqr use in the
surface IayéP§Q9F1§Ebht@ﬁa§PFBaFéPﬁiﬂ |§;ac{ures of Gracks in the
10 thermistor element is reduced because the entire surface of
the thermistor element is covered with the first electrode
layers, and the second electrode layers are formed on the
first electrode layers.
According to the third structure of the present
15 invention, heat is evolved by the large currents flowing
through the points of contact, that is, through the contact
points, between the terminals and the electrodes every time
the voltage is switched on, with the result that the
temperature increases locally, reaching as high as about
20 200°C, but because the surfaces of at least those areas of
the terminals that are in contact with the positive
temperature coefficient thermistor are made of a material
that does not form aluminum alloys of 300°C or lower, no
separation occurs, and the existing state can be
25 gatisfactorily preserved. Materials that form high-melting

aluminum alloys, such as nickel, silver, copper, aluminum,
titanium, and alloys thereof, are desirable for use in the

surface layers of such elastic terminals.



12 . [ EMBODI MENTS] Enmbodi ments of the present invention

are descri bed in detail belowwith reference to the figures. 5
Enmbodi nent 1: Figure 1 is a diagramillustrating the positive
tenperature coefficient therm stor of the first enbodi nent of the
present invention. - This pog%ﬁlve tenperature coef ficient
thermstor 10 conprises a therm stor enent 1 containing barium
titanate as the principal conponent; first electrode |ayers 2a and
2b constituted of silver-zinc (Ag-Zn) layers formed by printing on

t he upper aqgmh@wqmggmggs of the thermstor el enent in such a way

that the edges recede to positions 15 that are sonewhat inside of the

outer peripheries; eageaiflents of etRE!pasient @ yiRivenia ot &rab desastibedt ed of
silver |l ayers (Ag) formed by printing in such a way as to cover these

first el ect imddeltaiar be2awvawiltRbrefertendes rtb ethec thigueres. | ayers 4a and
4b constituted of alum numtitani um boride 20 (Al -TiB2) |ayers fornmed by
printin@ i nEgbodimendylas to cover these second el ectrode | ayers 3a
and 3b. The film t hi ckness of each el ectrode was nmade about 10
[err]m FigUire pr dsessdiagramnidiusturatigg tihe m@ﬁiﬁﬁV@
tenperature coefficient thermstor will now be descri bed.
Fi gures 2(afeaperatyreareeffbctent gthgpmigtor of ﬁhqlﬁﬁﬁ%ﬁlﬁ%&oﬁﬁ@eﬁﬁocess-
for- nanufacturln% the therm stor, of the enbodi nent of the present
i nventi on. of present invention.
This positive temperature coefficient thermistor
10 comprises a thermistor element 1 containing barium titanate
as the principal component; first electrode layers 2a and
2b constituted of silver-zinc (Ag-Zn) layers formed by
printing on the upper and lower sides of the thermistor
element in such a way that the edges recede to positions
15 that are somewhat inside of the outer peripheries; second
electrode layers 3a and 3b constituted of silver layers
(Ag) formed by printing in such a way as to cover these
first electrode layers 2a and 2b; and third electrode
layers 4a and 4b constituted of aluminum-titanium boride
20 (Al-TiB,) layers formed by printing in such a way as to
cover these second electrode layers 3a and 3b. The film
thickness of each eiectrode was made about 10 um.
The process for manufacturing this positive
temperature coefficient thermistor will now be described.
25 Figures 2(a) and 2(b) are process diagrams
illustrating the process for manufacturinglthe thermistor

of the embodiment of the present invention.

First, as shown in Figure 2(a), TiO,, BaCO,, and



emmT T ™ - i B o e

Fifst, as shown in Figure 2(a), Tiderr], BaCJerr], and

13 ~Nd[err]Jerr] powders are mxed in a prescribed ratio,

conpr essi on- nol ded into a discoid by cold pressing, sintered at
1300[ err] C, and nol ded into discoid thermstor elenent 1 with a

di ameter of 4.47 mm 5 Then, shown in Figure 2(b), first
through third el ectrode | ayers are sequentially applied by screen
printing to e 0 o] f -
therm stor e Wfi&%e%tlfﬁ gﬁ%tg?eq?hé ?gfg%r%‘??%énd dfasel&pr%ocme%:seeésﬁ?)rﬂ/ol ve

first peff%@ 1304 30N 2P i BLbE4 H?'BSlém%ré@sln \J-Anteatie sand aoordyct i ng

a drylng process m nut es 80[ err|’C, then performng screen
printing usSisRg #d1ABAPANKS discoidN€héPnisedt NMldiant@ farthl@ m nutes at
180C, and finally perform ng screen printing using an Al - Ti B2 paste,
conducti ng dimedciOlofl@. a7nmines at 180C, and carrying out 15 a baking
process for 10 mnutes at 550[err]C The Al -Ti B2 paste used _
here i s gobtai ned byrheingi ag shown in Biguieudipbwdbirdtavibrpughrddingarticle
di anmet er of about 5 [err]mand a binder to nake the integer into an
alum num eleqiaside layernsgarkesefiuenhiad basaprriied by BEXE&Mni ¢ powder

20 havi ng a nean particle dianmeter of 3 JerrJmin a conpoundln

ratio of 7: priadneditesthegenrfefarseobpleotrode-formationysig %F%ern1stor

t hus obtai ned, the silver- containing, el ectro ers are conpl et el

covered wit Wflehé=herm13té’Fre@t]-PB‘&§tl &yerénc'élh’t%u‘?ﬁ% q’é& {1 | paIrrp Y
conponent, al um num_non-j oni zab g n, condensed vva.t té{] esult
that the si W&cetﬁ?@? Aovolver FLEsE RATHGFPHYS & ‘b’?%?rbrpgréﬁl ing uSl %t lon in

a hot a.l.rbd h%@-%ne%‘é{sﬁ:%” rgxal'&t bo%@gxctﬂ'xlgag Ji£§¥ng process for 10 minutes

at 180°C, then performing screen printing using an Ag paste

and conducting drying for 10 minutes at 180°C, and finally

performing screen printing usihg an Al-TiB, paste,

conducting drying for 10 minutes at 180°C, and carrying out
15 a baking process for 10 minutes at 550‘0.

The Al-TiB, paste used here is obtained by mixing an
aluminum powder ﬂaving a mean particle diameter of about
5 ymn and a binder to make the integer into an aluminum
paste, mixing the aluminum past and a TiB, ceramic powder

20 having a mean particle diameter of 3 um in a compounding
ratio of 7:3, and adjusting the viscosity.

With the thermistor thus obtained, the silver-
containing electrode layers are completely covered with the
electrode layers containing, as the principal component,

25 aluminum non-ionizable in condensed water, with the result
that the silver does not migrate even during a prolongea
operation in a hot and humid environment, and reliability

can be maintained. Satisfactory electrical contact is also



can ,be nmmintai ned. Satisfactory electrical contact is also

14 mai nt ai ned between the therm stor elenent and the el ectrodes.

I n-addition, the electrodes can be applied to the entire surfaces of
the both principal planes of the el enent 5 because no al um num
mgration occurs. The flowof a rush ,, current entering the elenment is
therefore rendered uniform and in conparison with what was observed

N the past pasntasnBlPbEideR" +A0 BRLAGLL ot SSferldriCland @nacour during the
application of a surge current or voltage. 10 Enbodi ment 2:

Figure 3 is3.dit3ggam.illustrating the positive tenperature
coefficient thermstor of the second enbodi nent of the present

i nventi on. In addiftisnpOshéi ¥CebErfEdaiddre Hpeippldiedntta hblami st or
15 conprises a therm stor elenent 1 containing bariumtitanate as the

princi pal cemasenisurifates elfe¢cheodeth ayetscalamlanes of2rjher eflement
constituted of nickel (Ni) layers that have film t hi cknesses of 0.3
to 2 [en] mbarauseanoandundnmmdmnbyratiomnoccurs. vaer fdeposift imomusher t he
entire upper and |lower sides of 20 the thermi stor elenment; second

el ectrode | syperendacateéribg the etementtis ctherefnne gendgrad WP or ned
by screen printing in such a way that the edges recede to positions
that are and danemmperigspdeish vha om%rolffé#‘fﬂigrlifb§heamst% rd

el ectrode | ayers 4a and 4b consti tut ed of,aluninun}titaQiUQ%§€§: bori de
(Al -Ti B2) | SFacking oFd ShPRirg: ifgless shfely & ogeur during dQ&. | hese
second el ectrode | ayers 3a and 3b. The fLIn1 1t t hi ckness of each of the
second and S&e® §YEPE current or voitage.

10 Embodiment 2:

Figure 3 is a diagram illustrating the positive
temperature coefficient thermistor of the second embodiment
of the present invention.

This positive temperature coefficient thermistor

15 ‘comprises a thermistor element 1 containing barium titanate
as the principal component; first electrode layers 2m aﬁd
2m' constituted of nickel (Ni) layers that have film
thicknesses of 0.3 to 2 ym and that are formed by vacuum
vapor deposition over the entire upper and lower sides of

20 the thermistor element; second electrdde layers 3a and 3b
constituted of silver layers (Ag) formed by screen printing
in such a way that the edges recede to positions that are
somewhat inside of the outer peripheries; and third
electrode layers 4a and 4b constituted of aluminum-titanium

25 boride (Al-TiB,) layers formed by printing in such a way as
to cover these second electrode layers 3a and 3b. The film
thickness of each of the second and third electrode layers

was made about 10 um.



was ,rade ,about 10 [err]m 15

As far as formation is concerned, it was perforned I n the sane nmanner
as.in Enbodi nent 1 above. As with Enbodi nent 1 above, a

therm stor thus obt ai ned produced the effects descri bed above. 5
For the sake of conparison, an el ectrodelgtructure ~ serving as
Conparative Exanple 1 was obtained by form ng the first el ectrode

llayers 2a and 2b ais"@()altr a3 FRenitE0AYis conc&hisd \ Ade WY Yer ftAmie 3b

whi ch are constituted silver- zinc layers and silver |ayers,

respect | vel yp 4 Waieh ngfier 18 inCoRESMAYE!Y diRsaated by printing in
that the

such a way edges receded to positions that were sonewhat

i nside of the AOWih BRboRRAEHES108bbME, S@NEhdMeigtcy ahual enent 1 as
t hat used in Enbodinments 1 and 2 of the present invention

(Figure 4). obtmined producedadiiet efifecConpasatibed BlaoyE.e 2 invol ved

form ng a thermstor in the sane manner as the therm stor of

Enbodi ment 2, but Edrhdldie tsa&et bifr dompecisone amyskertrode siRuphure) .
Next, to performmgration tests, 1000 cycles of a 20 250-V vol tage (30
seconds " onser3dnge @sn@onpairativeeEsample 1 pps | etakneth intfaming
tenperature of 120[err]C and a hum dit of 95 RH% usi ngea t estjng
appar at us suéie efslq%teleCtrC’dRHéﬁfﬁFFcéPl RS ey A% B 'ﬁ‘?é"gfddes of -

the tested el ement were subjected to an EPVA anal ysis to detect
silver 25 edestaqden lavers sasahts Brﬂh%Bmﬂr‘?nc‘?tPét%ifeéfﬁflﬁ .

£ LS L0, AL LS00 Th9RRE! OPalBRCERISEY AL whicn daif

10 consecutively laminated by printing in such a way that the
edges receded to positions that were somewhat inside of the
outer peripheries of the same thermistor element 1 as that
used in Embodiments 1 and 2 of the present invention
{Figure 4).

15 In addition, Comparative Example 2 involved forming
a thermistor in the same manner as the thermistor of
Embodiment 2, but without the third electrode layers
(Figure 5).

Next, to perform migration tests, 1000 cycles of a

20’ 250-v voltage (30 seconds "on," 30 seconds "off") were
applied at an ambient temperature of 120°C and a humidity
of 95 RH% using a testing apparatus such as that
schematically shown in Figure 6. The sides of the tested
element were subjected to an EPMA analysis to detect silver

25 migration. The results are shown in the table in Figure 7.
As is evident from this table, no migration was observed in
the structures of Embodiments 1 and 2 of the present

invention, whereas small amounts of silver were detected on



i nvention, whereas small anmounts of silver were detected on

16 ° the sides in Conparative Exanples 1 and 2. Next, to
per.form | owtenperature, intermttent-| oad tests, 1000 cycles of a
250-V voltage (1 minute "on," 5 mnutes "off") were applied at an
anbi ent tenperature 5 of -20[err]C usi a testing apparatus such as that
schematically shown in Figure 8. The tested el enent was nmeasured for

th
¢, Prosencil AbsEan ehuphagkind Bbduoics 1L GHEELNG and for the

resi stance shown in the table in Figure

9. As is evident fhpme 10 e&@bfrmtﬁédaﬁterﬁ@eﬁéﬁ;ﬂ@ NG riferahiitRintg 1eeeur r ed
i n any of the exanples t he resistance change rati o was about -2.6 to

- 1. 9%estd aldoot kgcawal uat B0R50e% WdBtaws & Werotuaed Wicr) " circle
mar ks. Next, to perform surge-current tests, a voltage that

15 started aiindiesV "afd")aweracappiiedi at s cadsiens dteapersiture 50 V
was applied at an anbient tenperature of -20[err]C using a testing
appar at % sudh -29 Chatsisghengestahyyappanatum such asFithate 10. The tested
el ement was studied for cracking or chi pping; the results are shown
in Figure 1bchemaddicaldy EOownseBnFigunet&eseTh%s*tﬁﬁf@d EHEMEEN SRS di d not
crack or chip at all followng the conpletion of the tests.

Next, the tFeagunest for E#Eo@ifﬁﬁﬁflcﬁ %Saw%cp%rpracklnq &4 nal s 10 such
as those shown in Figure 12, and erat.ure, ternlttqpt-load

tests were ﬁé‘rlfptﬂﬁ?é?daﬁ’@ f?B' tﬁ§a§ﬁFéSFﬂ’éc?e‘?lﬁ? TRt aI TRSWSn

the table in

D |, sn S8 S 2l HHBC R TSP 4 it bl | 00 0

10 this table, no cracking or chipping occurred in any of the

examples, the resistance change ratio was about -2.6 to -
1.9%, and all the evaluation results were denoted with
circle marks.

Next, to perform surge-current tests, a voltage that

15 started at 250 V and was increased in successive steps of
50 V was applied at an ambient temperature of -20°C using a
testing apparatus such as that schematically éhown in
Figure 10. The tested element was studied for cracking or
chipping; the results are shown in Figure 11. As can be

20 seen from these results, the element did not crack or chip
at all following the completion of the tests.

Next, the.thermistor of Embodiment 1 was mounted on
terminals 10 such as those shown in Figure 12, and low-
temperature, intermittent-load tests were performed to

25 measure the terminal materials. As shown in the table in
Figure 13, no electrode separation oécurred following
testing when the surface material of the terminals used was

composed of a plated layer of nickel or silver. Separation



conposed,of a plated | ayer of nickel or silver. Separation

17 occurred, however, in the termnal contact portion when the
termnals were formed using solder or tin. As used herein, the term
"separation” refers to the separations R occurring on the el ectrode
surfaces that correspond to the contact 5 portions with the termnals
10. It is believed that |ocal t erffiperature increases occur, and

al um num anﬁcmrggéf%ﬁsg x fcgé g%aiuba ahv y the

flow of a Curr everyq¥|ne a Vvo ge 1s app urlng
a lowt eﬁpegéﬁcﬂ&ﬁalb%é&@ Ebenkal Géﬁné esdraehhese t&@ﬁul A% uk@d h@'r&&ns uggest

that it is desirable to use nickel and silver, whi ch do not form

al 1 0yS Wi t h¢RLUFLRATM sBPakae1BRY CELALSs to tHOTsdMatANN® codiiaees
The nelting points of alloys of alum numwth ni ckel, silver, and tin

are shown i ant itket abketirbdelburt&t@sir €hdb. codrespitid itan the gmmctes t hr ough
18 are di agrans illustrating the relation between the nelting point
and thes portdopsswtiithnthé sterminalsubdi i rnitalisoypeldedethehad doced

bet ween the nelting point and the conposition of a silver- al um num
al l oy, respé&emperbyurasinerbassst becure) aandml@dtinunhangeddnt o soldesrg
poi nt and the conposition of alum num ni ckel . Si nce
heat is evolfest bylole bacggsguhe@htls teirolved by [thes fliemMo@gh 8 cont act
each time a voltage is switched o | ocal tenperature |ncreases
occur, and FHBStEREdRt GHETEDS e"?}'}éeEi‘E&) 3 oldage Jsopepiied &yring ensure

Zﬁc g;g o:‘ t 3%3?-8?% ]temggi':aaag{a? }gtgrxgl%tenr?% e{oaaa tes%[ d%%sesréog:‘efs%&@ al um num
10 also suggest that it is desirable to use nickel and silver,
which do not form alloys with aluminum, as the materials
for the terminal surfaces.

The meltiqg points of alloys of aluminum with
nickel, silver, and tin are shown in the table in

15 Figure 15. In addition, Figures 16 through 18 are diagrams
illustrating the relation between the melting point and the
composition of an aluminum-tin alloy, and the relation
between the melting point and the composition of a silver-
aluminum alloy, respectively, as well as the relation

20 between the melting point and the composition of aluminum-
nickel.

Since heat is evolved by the large current that
flows through a contact each time a voltage is switched on,
local temperature increases occur, and the temperature

25 rises up to abou£ 200°C, so, to ensure safety, it is
desirable to use a material that does not form aluminum
alloys of 300°C or lower.

In addition, as shown in Figure 19, methods used to



In additi,on, as shown in Figure 19, nethods used to

18 ' formtermnal configurations include full plating which

i nvol ves formng the entire surfaces of the elastic or central
termnals fromnickel, copper, silver, alumnum or ot her plating
| ayers, and partial plating which involv 5 formng only the areas in
contact with the positive tenperattUre coefficient therm stor from

PLating | aveiy wern:tUiDOsed ol URlahs BCud2 Al olaseyd baabove. |

S al SO poss mmonl used tin termnals and to

instal | layef &ﬂ;l%s 4R,k g Y ghltm BhlPaddd S 1RAd1ddtiddr those

portions of the alum num el"ectrode |layers that are in contact with

the term nalgntral terminalsEFRef ABBkEL] 868per AhaVBraiONCABRIthBRSeR i N
whi ch Ti B2 was added to al umi num The anmount in which TiB[err] was

added was s RaRGUd M i¢aNiag@rsgndntihpareial i pratiigwedn dihelnvid vesel enent
resi stance and t he maxi num surge vol tage causi ng no crack initiation

was neasir eEorhiitg enillyt thar arsbewini contact W thireh@@ositive As is
evident fromthese results, the effect appears at an addition of 5
vol % or gr eatemperatturen ldoef fiedemts thaomistof f from tpkatizey UAYS%H hi gher.
Thi s suggests that the maxi mum surge vol tage rises because the

addi ti on of chamgsed of mghedwesucheashihese oeseribrd \#RGVR he YtherHi stor

el enent and alumnum In the structure descrjbed in Enbodi t 2,
the ohmic cokSPAASPInES REPHOYT GPTBPREENESSR St b HRTRPA anr%%‘?’lg a

ni ckel electrode, so the additiqgn of Ti B2 produced = chardly any effect
on the maxi i@ gdausaqsddat do not form ?ﬂg‘é S GhA T R eg%?’ﬁ)y 58

€S al so
sh@wtf¥% tt%iose'portions of the aluminum electrode layers that are in
contact with the terminals.
Embodiments 1 and 2 above concerned cases in which
TiB, was added to aluminum. The amount in which TiB, wgs
added was subsequently varied, and the relation between the
15 element resistance and the maximum surge voltage.causing no
crack initiation'was measured. The results are shown in
Figure 20.
As is evident from these results, the effect appears
at an addition of 5 vol% or greater, but baking becomes
20 difficult at 70 vol% or higher. This suggests that the
maximum .surge voltage rises because the addition of TiB,
improves the ohmic contact between fhe thermistor element
and aluminum. In the structure described in Embodiment 2,
the ohmic contact with the thermistor element was obtained
25 using a nickel electrode, so the addition of TiB, produced
hardly any effect on the maximum surge voltage.
These comﬁarative examples also show that the

present invention yields a more reliable thermistor having



present Lnvention yields a nore reliable therm stor havrnn———’_“_’—_—_——_—_

a stabler resistivity. As used with reference to the
present i nvention, the term"alum numlayer” is not limted to pure
al um num and can also refer to a layer in which alumnumis the 5
princi pal conponent. [ EFFECT OF EﬁE | NVENTI ON] As
descri bed above, the present invention cdn yield a positive

t enperature C%ﬁ%ﬂf&&eQ%sEQ%EGkﬁgor which is 10 unlikely to short-circuit

because of mgration, iI's easy t assenbl e, and has stable

characteristics. ag used BRLEF-DESFBAET! € G PHeddRWiNGSntion, the

Figure 1 is a diagramillustrating the thermstor of 15 the first

enbodi nent  Ylerin @ alu@gein LBYERYI ©5. not limited to W edlud(imumarchd@(b) are
manuf acturi ng process di agrans of the therm stor of the first

enbodi ment. can also referFitgugeldyes indwlaDslnalidnimin dis rdpet he therm st or
of the second enbodi nent of the present invention. 20

Fi gure 4 i s prisicdgpadmcompoatnati ng a conventi onal t her m st or
(conparative exanpl e). Figure 5is a diagramillustrating a

conventi onal therm stor (conparative exanple). Figure 6
Is a diagramillustrating a test aggaratus for mgration testing.

Figure 7 is [EFEEEE OF i INVENTARGNE he results of a mgration test

erfornmed usin the appar at us .shown in .
P g As %%scribed above, the present invention can yield

a positive temperature coefficient thermistor which is
10 unlikely to short-circuit because of migration, is easy to

assemble, and has stable characteristics.

[BRIEF DESCRIPTION OF THE DRAWINGS]
Figure 1 is a diagram illustrating the thermistor of
15 the first embodiment of the present invention.
Figures 2(a) and 2(b) are manufacturing process
diagrams of the thermistor of the first embodiment.
Figure 3 is a diagram illustrating the thermistor of
the second embodiment of the present invention.
20 Figure 4 is a diagram illustrating a conventional
thermistor (comparative example).
Figure 5 is a diagram illustrating a conventional
thermistor (comparative example).
Figure 6 is a diagram illustrating a test apparatus
25 for migration testing.
Figure 7 is a diagram illustrating the results of a
migration test performed using the apparatus shown in

Figure 6.



—_—

Frgure 6. ) 20 Frgure
8is a dragrantrllustratrng a test apparatus for | owtenperature,
intermttent-|oad testing. Figure 9 is a diagramillustrating
the results of a | ow-tenperature, intermttent-1oad test perforned
usi ng the 5 apparatus shown in Figure Figure 10 is a
diagrantillustrating a testing atus for perform ng surge- current

tests. G e 1k 5$di‘a§%819rfﬂﬁé%§5€:‘fsx§§0'dqgﬁé&ef@%%ij

surge-current test p usi Ng-the appar a |gure 10

Figure 12 | g4 gifo@og-t%ﬁﬂgvﬁa%&@t i A9efni £64hf0l0ad teiR@y.At US TOr Measuring

t he dependence t enperat ure, intermttent-load test
results on the terfiRRire 9 is Eatﬁébﬁhm 1]1§ustrat1ng tH Wenlidd o ali agram

i I'lustrating the results of a | ow-tenperature, intermttent-|oad test
perforned usicwgtetperaturedPpatais 8RNl bad kY @ekormed using thdigure
14 is a diagramillustrating how separation occurs in a

| ow t enEer atapparatise shicwine Ah- Fagdréest 20 performed using the apparatus
shown in Figure 12. Figure 15 is a diagramillustrating the
mel ting poi niFsgufret A€ dkl eydisgramdiblustratingnanitastiingel ,

silver, and tin. Figure 16 is a diagramillustrating the

rel ation 2Spparatmseforh@emornaggpsingea@drrent deaffesi tion of an

alum numtin alloy. Figure 17 is a dragrantrllustratrjg t he
rel ation Figure 11 is a diagram illustrating the results o

surge-current test performed using the apparatus shown in

10 Figure 10.

Figure 12 is a diagram illustrating a testing
apparatus for measuring the dependence of the low-
temperature, intermittent-load test results on the terminal
material,

15 Figure 13 is a diagram illustrating the results of a
low-temperature, intermittent-load test performed using the
apparatus shown in Figure 12.

Figure 14 is a diagram illustrating how separation
occurs in a low-temperature, intermittent-load test

20 performed using the apparatus shown in Figure 12.

Figure 15 is a diagram illustrating the melting
points of the alloys formed by aluminum with nickel,
silver, and tin.

Figure 16 is a diagram illustrating the relation

25 between the melting point and the éomposition of an
aluminum~-tin alloy.

Figure 17 is a diagram illustrating the relation

between the melting point and the composition of a silver-



between the nelting point and the conposition of a silver-

21 alun1nun1alloy Figure 18 is a di agramritiustrating
the relation bet ween the nelting point and the conposition of

al um num nickel. 5 Figure 19 is a diagramillustrating
exanpl es of term nal structures. Figure 20 is a diagram
Illustrating the results obt ai ned &y'neasurlng the relation between

t he el ement Si ce and the maxi num surge voltage. 10

Fi gures 21(5}95%?d§i€§? re diagrans illustrating conventi ona

thermstors.  pidddeSRl FE CNaGEg RERERENR BT bR ST UGS

1 ... Thermstor First electrode | ayers
3a, 3b ... FRGQRAFheR &@ﬂ%lb§Y$6§nt and the comﬂés1tloﬁ”b£WH£HMﬂhuﬁ43Went

12a, 12b ... First electrode layers 13a, 13b ... Second
el ectrode |@MQM§1_
5 Figure 19 is a diagram illustrating examples of

terminal structures.

Figure 20 is a diagram illustrating the results
obtained by measuring the relation between the element
resistance and the maximum surge voltage.

10 Eigures 21(a) and 21(b) are diagrams illustrating

conventional thermistors.

[DESCRIPTION OF REFERENCE NUMBERS AND SYMBOLS]
1 ... Thermistor element
15 2a, 2b ... First electrode layers
3a, 3b ... Second electrbde layers
11 ... Thermistor element
12a, 12b ... First electrode layers

13a, 13b ... Second electrode layers



