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This invention relates to chip-type thermistors ("chip thermistors") and
methods of making such thermistors. More particularly, the invention relates to positive
temperature characteristic (PTC) chip-type thermistors used for protection against
overcurrents and methods of making such chip thermistors.

PTC chip thermistors used for protection against overcurrents are
incorporated into the circuitry of an electronic device such that it will emit heat when
there is an overcurrent in excess of a specified current intensity flowing therethrough,

causing its resistance to increase due to its positive temperature characteristic and

thereby reducing the current flowing into the device to a level below a specified -

maximum current value. Such PTC thermistors are desired to have a reduced resistance
such that its power loss due to the lowering of voltage can be reduced, and it has been
proposed to electrically connect a plurality of PTC thermistor elements in parallel such
that the total resistance of the combination can be reduced according to the number of

the thermistors to be connected.

For example, Japanese Patent Publication Tokkai 6-267709 disclosed a
PTC thermistor 1a, as shown in Fig. 7, formed by stacking a plurality of -élanar PTC
thermistor elements 2 one on top of another, each of the PTC thermistor elements 2
having electrodes 3a and 4a formed on its main surfaces. The mutually opposite pair

of electrodes 3a or 4a of each mutually adjacent pair of these PTC thermistor elements
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of electrodes 3a or 4a of each nutual iy adj acent pair of these PTC

“therm stor elenents

2 2 is joined together by means of an electrically conductive
adhesi ve agent 5. In order to establish nutually insulated
condition, furthernore, an electrically insulating material 6a fills
open spaces between the el ectrodes -3a and 4a. ’ : As

anot her exanpl e, Japanese Patent Publication Tokkai 6-302404 5

disclosed a PTC thermistor |b, as shodn in Fig. 8, formed by stacking a
plurality of pl anar PTC therm stor el enents 2 one of top of another,
each of t2ie joingl tagether by oreans of an eledtaeadiytconductize adhesive agent 5dds odderand 4b

el ot 1 002 e¥RbIGh Ty Aly HBIER SRR It e o0 plaroR i Esesna

t her mi st igy Mis@IPRALSacREbANREN tH didterodaéBa@haagt i on. Each adj acent pair of
the PTC 10 therm stor elenents 2 is joined together by neans of a gl ass

material 6b . The pAsrapother example, ddpaneseoPaient3PutdinatiotbTaklci éx3@2404d i n

t | it ' ti. ' t A d .. {
ol ot} ot b s BTG BTG 1. G ShoEn HaF G (PP bE Peckinga RURIYEEs of ¢ ne
stacked ﬁpﬂ&?{fr‘@’VC Qﬁerkﬁk?o%[&n&ﬁ@ﬁ %}x?&?g%ﬂ)% _eack BPQe}I?ﬁ'S tﬂleg:ﬁisﬁire‘:t rodes

3b and 4 can be electrica nnected 1 n par
The pri orelementP2havingrelecitodes 34 and Al fotmetbon its laih abfaces. c The oty

roduced with,a hj rk efficiency.because the PTC t hernmistor ements 2
Dot be Obposite s akIEetiadst dbiar A b ety SfBre FRB.SBeE BT Ge o o

accurat el t)ieﬁilﬁht%‘ Rt nidatOsdbhdsan IhS same dirgct?;n. E Eﬁ]hgpcgf‘c?c@[’ EailSGF Be PTEN the

case of the thermstors 1la of Fig. 7 an ha odes 3b and
4b wWi0| etherenistodlémentsR éd jpiried tolgdtherbymheanis s glassunaterialtGbe Thepairsfoft he
t herm st or, I nvept I on

1b .20 of Fig. 8.,. Su ty of th
It is thefeatrodes Mﬁ})@& %%%mgnwﬁwﬂpp%%eﬁm%frbegtes}%ay%eand
therm stq ' | ' Jfet] iy W t hout
t he neces‘é‘lﬁtegl egftrgggazgpﬁﬁr%gﬁhﬁé@%%ﬁl ré’gﬁug?\éﬁgpgtee%ﬁm o%%?ﬂ”ﬁe i nner
el ect r odestackiae asstinblyrof sheoPTE [thermidtor elements Ackeitthanthe 2fectrodesiBotand 4bf
anot her, as well as_ methods qf making such chip-type therm stors.
can be electrically connected in parallel. g
15 The prior art PTC thermistors 1a and 1b described above cannot be
produced with a high work efficiency because the PTC thermistor elements 2 must be
stacked carefully such that the electrodes 3a and 4a are accurately aligned through layers
of the adhesive agent § in the case of the thermistors 1a of Fig. 7 and that the electrodes
3b and 4b will extend alternately in different directions in the case of the thermistor 1b

20  ofFig. 8.

Summary of the Invention
It is therefore an object of this invention to provide chip-type thermistors

with low resistance which can be produced easily without the necessity of arranging the
direction of extension of the inner electrodes when thermistor elements are stacked one

25  ontop of another, as well as methods of making such chip-type thermistors.
To produce a chip thermistor embodying this invention, with which the

above and other objects can be accomplished, one might start with a planar rectangular
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. To produce a chip therm stor enbodying this invention, with which the
* above and ot her objects can be acconplished, one mght start with a planar

rect angul ar 3
therm stor block and a pair of: el ectrodes is forned on its
surf aces. . The thermistor block has a pair of nutually oppositely
facing main surfaces el ongated - in alongitudinal direction and a pair
of mutually oppositely facing side surfaces. A first el ectrode is

formed so as to be in part on one of the main surfaces and extending 5
continuously ontq one of the side surfaces, whi|e the second el ectrode i
in part othdmistor block aadiggpairpf: eleeteades ixfosnedaryiis swfacksiuous|

onto the ' f . . ). S I us
Oroar o 10 Plefld ModF oA CRARRly oopos FR 0 S il
di r ect i onin alotgitudiral diretiidryandfa pait of musdatly oppesirelytfacing sidokhirficesedA fitdhe si de
surfaces of the . ‘#pn;l gi nal therm stor bl qck hecom ng the end surfaces
of the indlegiradais forBedsa @y to bg in pag) neep of the e suHaces ard estendiBE ¢ hese

et i U e MR 4 A0S UL o

anot her w mai n sur I’'ng eac

i nsul at i n@thERbethe alainSufice Sndxdxeds BbritihublilE bitoghe gthevdfthe sil@surfdberrimis
rnserted between each nmutual |y adjacently st ackedﬁgai r of these

t her mi st orThe| theratister black thusisepated ischereafter cut trapsygeselydp they langiudinglyt ual | y

opposi tel y. faei r : he. el r _

R vi dualtireii 858 ¥ pfialty of AeERish Rl BRI 1A o siliedorre
el ect r odesrigirfal thermistofl blodk bebdmingethe edt firfades b erSindividuak tikaiterd
structure so as to electrical It){hconnect to t he. el ectrodes aon the

st ackkd t elements: dyspesifisdaymber of these thermistor elements are them alignéd gnd gtackedecond

el ectrode each [.4M | t . nme 0 each
cover o rong bt fipof ARAAN (iR sfFied icing cach olRETHA 18/ 3% o

cont i NUOUShNIBNG maBétRl Sichldd glRS Aithuhitiates gRB@r fHah D@ iOinSdrted tefkdenon of the
ot her nmain surface. Each of the nmarn surfaces of the stacked

st r uct ur e eagymuwallyadiacently wiacked pair gf these thermistop elemants) Acstzakedstryctungsul at i ng

mat eri al ch..as gl ass. . . A chip.therm stor thus
structur eaﬁl'fsgbm 3 futally opposifely faf‘ﬂ%"'t“r?&f‘f#@?%wnergthe §ech1io Rt 8hi ch are
stackpyl onglivdfud StRclRN SHehfktoR EBmeR P RERRYsKd tothe krteAsk. 0@t flB@rodes are anot her
and one need not be careful of the directions in which they face as they

are formedminghiese Dhites surfdves pf b stackeshstmotute 66 &4 toi elestycally conneeived and
the rise i

tﬂe'glre]gtrodes on the stacked thermistor elements.

The first and second electrodes on each thermistor element may be
formed so as to each cover a major portion of one of the main surfaces, to extend
20  continuously over one of the end surfaces and further over a portion of the other main

surface. Each of the main surfaces of the stacked structure may be covered with a layer
of an electrically insulating material such as glass.
A chip thermistor thus structured is advantageous in that the thermistor
elements which are stacked one on top another are dependably insulated from one
25  another and one need not be careful of the directions in which they face as they are
stacked. Thus, the production work efficiency is improved and the rise in the

temperature of the circuit board to which it is mounted can be reduced.
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tenperature of the circuit board to which it is mounted can be reduced.

! Brief Description of the Draw ngs The
acconpanyi ng drawi ngs, which are incorporated in and forma part of
this specification, illustrate enbodi ments of the'invention and, together
with the description, serve to explain the principles of the
I nvention. In the draw ngs: 5 - Fig. | is a sectional
view of a PTC chip therm stor enbodyipg this i nventi on;

Fig. 2 shows a nethod of formng the $TC chip therm stor shown in Fig.
1, Fig: 2A showi ng ,a PTC therm stor block, Fig. 2B showi ng the PTC
t her m st @refiRespription of the\Prawings Ni filmis forned on its surfaces, and Fig.

2C showi ng the PTC therm.stor. bl.oc 0..,..aft.er portions its filmare
renoved; TR B R ind f—il%ﬁ‘h" g ngcg%gee'gf?rﬁﬂ%Fed\(}f’éﬁ?? %‘?ﬂ’e&hpa&

| ongi t udigfathisy sgecificatiure ilfifstrhfecentiodiients F the inventiofi RAYWNtogBthE Grith ke

Fig. 4 is a sectional view of another PTC therm stor el enent;

Fig. 5 i Slescription; sarve togxpleinthe prineinlss opthe invention. hby the dravvingsabodyi ng this 15
i nveng i on; . . . Fiq. [ eckional vij g1

anot hrgér PTC chip th%‘rg'rﬁls‘J? 3rsegtﬁ%noaclzl;‘/feﬁvg°Pa Prc cﬁ'ﬁ’it e&w\g}gﬁﬁngﬁlc;lﬁgg %M‘

Fig. 7 isSnventiegiional view of a prior art PTC chip therm stor, and

Fig. 8 is a sectional view of another prior art PTC chip therm stor. 20

Thr oughout herei n, Eignshewsgimgthodroffeorming the BAC obiprthermister showntin Figs

i ndi cat e e,Sa al s far,_convenience.a t .ne ril
Llesl:ri begl’%?,g'5R s“°‘”‘q‘§>€‘3‘ﬁ§ﬁr’i‘8‘a"’?‘8’8‘éi’ﬁaﬁ X%?IIBS/S é’%’?&n\?%ﬁ?ffg t?‘ﬁrévagfgl%ggnlst iyt uent
parts of Jief & i G isHdrmed dh ks surfaces, anB @r%riz@ $hoSvirtll the PIORhbssmistor block _
Detai |l ed Description of the Invention “ The i nvention

i s di@criafied pogsanstof itskilm affe remaveses with reference to the
" Fig. 3 is a sectional view taken longitudinally from one of the lines X-X'
shown in Fig. 2C;
Fig. 4 is a sectional view of another PTC thermistor element;
Fig. 5 is a sectional view of another PTC chip thermistor embodying this
15 invention;
Fig. 6 is a sectional view of still another PTC chip thermistor embodying
this invention;
Fig. 7 is a sectional view of a prior art PTC chip thermistor; and
Fig. 8 is a sectional view of another prior art PTC chip thermistor.
20 Throughout herein, same or similar constituent parts are sometimes
indicated by the same numerals for convenience and are not necessarily described or
explained repetitiously even where they are constituent parts of different PTC chip

thermistors or elements.

Detailed Description of the Invention
25 The invention is described next by way of examples with reference to the
drawings. Fig. 1 shows a PTC chip thermistor 11 embodying this invention (Example

1) having three planar PTC thermistor elements 12 stacked one on top of another with
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drawings. Fig. 1 shows a PTC chip therm stor 11 enbodying this invention
* (Exanpl e 1) having three planar PTC therm stor elenents 12 stacked
one on top of another with
5 insulating |ayers 13 in between and outer electrodes 17 and 18 on
bot h side surfaces of the stdacked PTC therm stor el enents 12.
This PTC chip thermstor 11 is produced firstly by preparing an
el ongat ed rectangul ar planar PTC ther{i stor block 14, as shown in Fig. 2A
Next, a 5 thin filmof Ni 141 is forned on the surfaces of this PTC
t herm stqr block 14 el ectrol ess plati nlg8 as shown in Fi

o

After st r“‘%‘@nﬁﬁb@ﬁ@é 13 F%We%tﬁﬂdlw edactroges N and I3 on bgth |Si¢1e§wfac@a@g on one

of the r’rqhg t?l:'lgdaig’f'é snﬁ‘- ﬂ;%nwﬁ;m stor block 14 al ong and near a
| ongi t udinalTy exten ng side surface are renoved by sand bl asting, as
shown in Fi gI‘thCI,’TC hehiP tRerinliomil $tiorprodetd firdtly HySprep@thgahong | i nes

X-X. PTC elenents 12 wth 10 |l ength 4.5mm w dth 3.2mm and hei ght 0. 3mm
havi ng i rihensatedsiectapgdar planar HTC t}ﬁUBlStOY block ldepeshosm !tlé:lg L I‘N@I@hat hey are

ol et o Wtk SeACRACT6aPLEod e SRl B Whis TC thermivqntlISILEL o 1o
obt ai ned. eldd@ldsk gﬁnﬁgl rs‘saﬁ@wn &f FighZB PAGet Reipishdpet hhédi’(bbrtidhsb&ftﬁé NMiit was

c¢ut are now nd surfaces of the PTC therm stor el ements 12. The

i nner el diar biikbeach %Q@r@f the majnosurfases of the PTCdhersristorilog 14 plonggnd st) nai n

one of ¢ riberh Refinly Rt it sftied s iR Mnd Warineode BRI oc hor

(second) FigiaC,sthé PECahermidtor®ldeRN4iisulieéd SbRElineade- XL 6PTO \einfents YMigH porti on
of the other second) nmmin surface, extending therefromover the

ot hel0 of lsmhéni:nmw%dabé@m andhejght 0.3mm, haviog denes electgodasalbereimthus on of t he
first mai

| ocesa et B Syupligh shy,ais.u intorpally EisbcRed BRI BN PRC B2 '

ther m st oheltiftek eldthe3ah ab@itw&fi?\lw&nd)ié {HefeoiPAY ShOWNIRFRS 3aRfbre thus  One of
t he side surfaces such that the | m 141 can attach évenly over each

edge obtaingd: |’Eh¢ sidepsuphicesiof tiRTRTC hegrmistordrlodk bthefars itiwas etare aoveut in t he
occur r encedgniEe SFURBAC ihermisgd SicHenls B, [ Hkindse eleBhag (0 R4 82623 by
D e
therefrom over one of the end surfaces to reach and covers a small portion of the other
(second) main surface. The other inner electrode 16 covers a major portion of the other
(second) main surface, extending therefrom over the other of the end surfaces to reach |
and covers a small portion of the first main surface.
20 Prior to the electroless plating process, it is preferable to bevel edge
portions 142 of the PTC thermistor block 14 each between one of the main surfaces and
one of the side surfaces such that the Ni film 141 can attach evenly over each edge
portion 142 of the PTC thermistor block 14 and that a cut in the inner electrodes 15 and
16 at the edge potions 142, as well as occurrence of a condition of poor electrical
25  conduction caused by such a cut, can be dependably prevented.
Next, one of the main surfaces of a first one of the PTC thermistor
elements 12 is completely coated with a glass paste. A second one of the PTC

thermistor elements 12 is placed on top of it with its second main surface overlapping
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elements 12 is conpletely coated wth a glass paste. A second one of the

" PTC therm stor elenents 12 is placed on top of it with its second
mai n surface overl appi ng

6 the first PTC therm stor elenent in a face-to-face rel ationship,
and its first main surface i $"conpletely coated |ikewise with the
gl ass paste. A third PTC therm stor elenent is simlarly placed on
top of the second PTC therm stor elenment and its first main surface

is coated with the glass paste eitherbentirely or by excepting edge
portions where the 5, outer, el ectrodes 17 and 18 are to be forned. By a
firing prtbeBestPTQhernistoy elgmentin adace-to-face rejatiogship pad ith Srstimaimsurfacenent s 12

connect e ther Wit h.ins ti | ass ,l .. 13 in hetween,
ot e dx PRI, ibied ke iad Bith e s $83° A B PTG barirel Bt o 1 ¢ s
mai n sur fafgargipldcBdon topSdf thd Secbhé® PTCStheymifbe SleMentdind §t8 Brdd HdiPs0rMied t he
second main surface of the third PTC therm stor el enent at the top,

as shown i gogted with thgglass passe eithen entirely orduyexceptingi adge partions whareithg gl ass
| 13. | t g,k t he, el ect 15.and 16 tyal |
e ackne oyl 5dlfSaeh 17 68 T8 ol oe BbR: Sor SERERRTS 1ot ooty e et 1

i nsul at eckhfeRl PHC eeeistor eldménts P2 géxtﬁ{e&*éh Qnk AndtR&SwE I Snsuldtifl BRSSlagérs t he

1
rnsul ating glass |ayers 13 therebetween greater than 10[err]m The
PTC chi p isbetveenbut theiextenialiy faging main surfaces of the stagkedsstructure{thg firste out er

| ectrodes .17 and 18..09. baki A { the both, end 15, .surf
of °t he_scaeRayTee oEmer o C fudtiiedr HRBitiL fhs Ol ant B 3o meifngr 1 e
portions Qifabd\sr thehga ﬁt&ﬁérﬁﬁ’éﬂ&%l&&u@ﬁﬂhé%ﬁé?ﬁﬁ?ﬂx iAIFid. NS are ARFestHr faces

can be i ndi vi dual 'y connected el ectrica . ]
gl asi0 pastoyered withenfinsnlatieg glagsjdyeetB. odn bolehtokdep theielectomies dhdnd1@en

surfaces of, the stacked.PT herm s lenents 12 (that .is, the,surfaces
Cowar ds_ AR SSTaRl Fais s PR SAEERIATC TR AP {20 A g 1)
ei ther e%ﬁﬂﬁéd’reﬁﬁoﬁ‘sﬁg)? Rtis hiR¥erdtto make the hicRASs WP &leSnsultfing &la8¢ la?é@Ct rodes
17 and 18 are to be fornmed, and baked such that four of tThe
ext er nal | i3 tharebegwean gmates tiarh&0jimo T RTE€ucHim tlesmistat this obteined dy
surf aces, ,but ) ot the two e surfaces) are covered, b n i,nsul ating
materi al | thereafter.forrmng t%e outer giectrodfyef1 gk 18:by g fl% 2§Spait? onthe %@tﬁrﬁg be
formed al LBERBL bY ﬂleysfta@c%& %f}m&tﬂ?e 3ﬁthe PTC theﬂﬁ”x%{& %ie%ef%' STeRhStha2thg! ©
stacked one on top of another wth the glass layers I n between as
descri bedpartions of lthe inmer electngdest 15 and: 16| exposqdast ¢hdioembgunfaces cas bef aces
ith
Wit individually connected electrically.
A glass paste may be further applied on both main surfaces and side
surfaces of the stacked PTC thermistor elements 12 (that is, the surfaces towards and
20  away from the reader in the sectional view of Fig. 1), either entirely or except for the
areas where the outer electrodes 17 and 18 are to be formed, and baked such that four
of the externally facing surfaces (the two main surfaces and the two side surfaces, but
not the two end surfaces) are covered by an insulating material.
The outer electrodes 17 and 18 may be formed alternatively, after the
25  PTC thermistor elements 12 are stacked one on top of another with the glass layers 13
in between as described above, by immersing it in a glass paste to cover its surfaces with
glass layers, applying an Ag paste on both end surfaces of this stacked structure and

then subjecting it to a baking process. By this baking process, the glass material of the
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gl ass | ayers, applying an Ag paste on both end surfaces of this stacked

structure and then subjecting it to a baking process. By this baking
process, the glass material of the

7 glass layers 13 diffuses into the Ag which covers them thereby
formng the outer el ectrodes 17 and 18 connected electrically to the
parts of the inner electrodes 15 and 16 on the end surfaces of the

i ndi vidual PTC therm stor elenents 12, This nethod is nor e

conveni ent for covering the four out e? surfaces of the stacked PTC
thermstor, 5 ele ts 12 (except .the two end surfaces) wth glass

{ ayers 138¥aﬁ%ﬂPYFF§e{}r5§ﬁE‘EF Bip the &g Whé"éb?‘i)’leﬁg‘hﬁ% Higrebaomming the outer

The PTC chy ry K ' WA:) i ng

gl ass | ayerbAR IR FluTS chindctbaIceodRl 18 6 phits GPAE REAFURTSURL | "D een
st acked PTI&on the end $urfaces cftthe individuahPEC 1Rermidtorselerhdnts 12)nEhis edetinddriodes 15

and 16 on nutual l y,adjfacent ,ong;cféo of rfthe PTC therm_stor elenents 12
aces

are depeniif FONYFERANG IRHCAYEHRS U e su of the s{acked PI& thepmistopei r

di r ectsi on regd | h '

el ect trsi caléﬁey-lé@%?\lnzegetxgéﬂitﬁé Jf)‘g(?gﬁ selrréb%/st)f ﬁtmg%ggaﬁgsgﬁﬁ g%r?teqjeé?:(t&mgg 17 and
18 on t heapplying an Ag pastend surfaces of the stacked PTC thermi stor elenents

$2. Since the inner electraodes 15, and 16 are, exposed externally from
the stacked PTC theﬂﬁ\eaT& chip theppistor 1 thussstructuied 1§ SharactenizediAs Pavias be

d dabl - eF. [ . oy : d 18,
mor ovi ngUeReapar NS R ORAGE ek A RN inf P ERES shikeapIc (718 [

formed  thermistor elerndeits @2. Thuisf the arther dlavrodes 15 add 6conemetnallysadjdcentses of t he
correspondi ng PTC ., thermstor elenent 12, it can_be reliably
i nsull® edof 1Bt R He hemaistor glpments d2taredependably insulated fgmegach efiehhe PTC

thermsto é&@g t : t 0, ] . al t hough
t he outer {néiﬁ C r{g gé%f$§r8%§ﬁi8ﬁg§t e%lgrh?gpn@tm%@hgfﬁm%ﬁg e%a}x?ﬁéslar?c?%gees of the
PTC chi p tleetticalltoofinetfed irSparhllel by firininig the vark algetrades tifan®P T onhbhgbdther m st or

11 thus structured is that, since at least its_main surfaces are
cover ed weRhsysfagesofithgstacked BTChermistor elemgsty 1% $inca the inner electepdeplacenent or

di sl ocati o i.ab vent ed, af | o . dy40 a
cirourt badd arat csRssedy sHeRiBL BRT Ind lebhed BT thenmistor EBHBAS 12,
Anot higr  PTigtirhhere] hidydantbedegehdalsliioonhecg eledirizallyoathé ootar életedtes @72)
is explained next wwth reference to Figs. 4 and 5 wherein |ike or

equi val enind d%dmprayingithe reliability. Since each of the inner electrodes 15 and 16 is formed

over three surfaces (two main and one end surfaces) of the corresponding PTC
thermistor element 12, it can be reliably insulated from the other inner electrode 15 or |
16 even on the PTC thermistor element 12 at the top or the bottom of the stack,

20  although the outer electrodes 17 and 18. extend somewhat on the main surfaces of the
PTC chip thermistor 11. Still another advantage of the PTC chip thermistor 11 thus
structured is that, since at least its main surfaces are covered with glass layers 13, a
short circuit due to displacement or dislocation can be reliably prevented after it is
mounted to a circuit board and connected to a conductive land thereon.

25 Another PTC chip thermistor 11a embodying this invention (Example 2)
is explained next with reference to Figs. 4 and 5 wherein like or equivalent constituent
parts as described above are indicated by the same symbols. In order to produce such

a PTC chip thermistor 11a, PTC thermistor elements 12a with a design different from
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parts as descri bed above are indircated by the same synbols. In order to
produce such a PTC chip therm stor 1la, PTC therm stor elenents 12a
with a design different from

8 the PTC therm stor elenent 12 shown in Fig. 3 are additionally
prepared, that is, the PTC therm stor el enent 12a has one inner

el ectrode 15a forned on one of the end surfaces of a planar
rectangul ar PTC therm stor bl ock 14 and extending to and covering a
maj or portion of one of the main surfagces of the PTC therm stor bl ock 14
and another 5 i nner el ectrode 16a on the other of the end surfaces of
the PTC t ret 1 Bt | o maj or
portion o??e{ Ik’lzéot? I&%@btg? Elte henﬁgijsnho;v Lll] rlF e{:(l:%)sg %rf@ q?ﬂgoigé%&a?w’/ﬂ%ﬁ% #1% stor

bl ock 14. PT€krthesmistorcaberhéng,12adhas boevnnenelectgoded] Sat foerned onwae oftiecéndodes 15a

d 16 in the f L,. with tact]. h ot her.
Next , 2 qPUBEe oA HAaE egsBRYI T erRsY BIHC b 501 AR HENC AT FOV S of 2 10
(11750 PIGuSSRc one b Rlin ARth-2BE AT aghRer bBTE WGk Thsher el emen

12a is ereon wth one of its main surfaces In a
f ace- t50- f amer eledtakle d6xdn thewitiehof the emdbsunfaces of the BTC fthermisvér blbek 14 amt PTC

therm stor elenent 12 with the gl ass te a ied thereon. e

ot her mai Wgwf%@sanémv%sgm?mﬂr@ OFibe other 5% ﬁ@mmr?afz%\ofg&si’aﬁ of the
first PT : 1 S ' i I al | | ass
past e, aﬁt i slt?r ﬁa‘tﬁg{ Hae'r ts?tb%%cg)eﬁﬁg gs@@qﬁ tﬁﬁeég'f g’tegé%gfﬁarr%érqft&?%i% tg he

t ype showand d6&am.each insthe Faraeef dnHts veithouncortaciing eath other. mai n surfaces

in a face-to-face relationship with the second PTC thermstor el epent 12a.
The gl ass paste is t’i*’egl""’f at‘??e‘sél’lﬂé‘fﬁ Y %‘h?‘?ea@te‘p‘?@}@ﬁb@cﬁstot%e t op)

of t t hi ] i kI . tqi ar eas
oher 08yt S0 BTC therilliol QERERD LA ardtpér (AhaSPTC erkidhtr GHEER 1203 °
appl i ed t plackkthereon withioha ofitsyhaih berfices it a fAdétd-fhee mlstionshipGvith thelmairent 12
di stal of tlgaeces cond PTC therm stor elenent 12a either entirely or

except i ng Surface of thefiest £ THnermyigorflaragnt &7 with thecglass pasty épﬂl@\dmm%h'gh%t acked
structure o’tﬁ%ﬁniﬁﬂg{mﬁ’ce' cf]rtf?%@c@nd TC theﬁrglétor e@ﬂx‘én@ﬁaeéistﬁi (%:lz'lé gﬂﬁ%ﬁ? and 18
are finall'y Tormed on the respective end surtaces 0 e stacked

struct ur e thermisdd élemég 12ds atirkly doeered ®Athrthe glabsypaste) asd §tiicanbcher (thirdpner
el ectrodes 15, 15a, 16 and 16a. The PTC chip_therm stor 1la (Exanple 2) is

thus 5  PISishemigr element 12 of the type shown in Figrhés piaaed dherpon Wth 9pe obHS 11a of
Exanpl e 1 .5, difab& i QE‘acL—li&mcg pe?atgxgﬁp with the second PTC thermistor element 12a.

The glass paste is applied to the other main surface (exposed at the top) of the third
PTC thermistor 12 either entirely or excepting areas where outer electrodes may be .'
formed. The glass paste is also applied to the main surface of the first PTC thermistor
20  element 12 distal of the second PTC thermistor element 12a either entirely or excepting
areas for the outer electrodes to be formed. The stacked structure thus formed is baked
next, and outer electrodes 17 and 18 are finally formed on the respective end surfaces
of the stacked structure by baking Ag so as to be electrically connected to the inner
electrodes 15, 15a, 16 and 16a. The PTC chip thermistor 11a (Example 2) is thus
25  obtained.
The PTC chip thermistor 11a of Example 1 is different from the PTC
chip thermistor 11 of Example 2 in that the two inner electrodes 15a and 16a on the

second PTC thermistor element 12a face each other over a larger area. Thus, the total
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chip thermstor 11 of Exanple 2 i-n that the two inner electrodes 15a and
16a on the second PTC therm stor el enent 12a face each other over a

| arger area. Thus, the total

9 resi stance of the PTC chip therm stor 1la connecting the three PTC
therm stor el enments 12 and 12a (two of the type 12 and one of the
type 12a) as shown in Fig. 5 can be made smal l er than that of the PTC
chip therm stor 11 connecting three PBC t herm st or el enent 12 as
shown in Fig. 1. 5 Still another PTC chip therm stor 11b

enbodyi ng_thj.s. i Lan, . a ) _i.s .explained next with reference
Co Ry erchebet o FREC b LS ks corprip iR A Goristt elfvemls o F beg
above are126sd 124 (Ab 6Fthe E/pe) 2 btorseadth 2§ -as vl AL S daflibe nfaBE Chi p
therm stor 11b, a PTC therm stor bl ock 14 having no inner electrodes 15 and
16 f or nedsmaller thahdhasoof the RIi( phipatiiermmistardil tdoonectiog three PTIET therthistari st or

el enents 12 Shoﬁ]ﬁicsg‘ Fiq. 3. .10 After one of the main surfaces of the
PTC t her nFST5Rt YA RE& dnpl et el y cover ed with a glass paste, one
of thg three PTC t hejfillaadiRér PAICEEHSherntidot Flbinbe8¥ing i&%ﬁﬁ%ﬂﬁorﬁ(‘&ﬂamﬁe t he
process of form ng the stacked structure for the production of the PTC

t her m st oB) is explainedext with thference e Higabovheréin likeprequivdlenTeanstituent pamtai n
surface of the.PTC thernistar .. | ock 14 i g cavered w,t e, .gl ass

st o i ¢ PP ALY biridientst b hedame Symbols o Grogied ik €

el ect r odegendidtbr 216, APTR e ock T4 BRthg hBnreP EleBA6RY 154nd 1 6 fémfef®d ON the
end surfapes of the stacked structure with the PTC therm stor bl ock
14 and t hthereoris pram@red in additioatoitlyee PTE) thenmistor dieéments 12 shown in Fig. 3. I n

I, if, th | St f I f a | terial i
Sl 1B, s BReioE e e sintn 8 the P Shoemisak fonkad v aPIREl VB ng
troubles Gaeasas Bl ohiBr BEMRCAPTE MYASS UmBRE 12 Iif pleBr el did the

circuit boar I s nmount ed raises i1ts tenperature such
t hat not ¢helprotése of formirigtthestackbdi tmeture forttheprodudeniof ¢ts: PTC thermistort ed i n

the proximiy .are adversely affecte The extra PTC therm.stor block 14
of t he. PTESSTHIOGaheH Siear s bpeges v dbe Cier AR R e Bidobio HBIRG;  hoat
from the Biek 14 is covdted Wh?’%ﬁ%lﬁézs?ﬁgﬂ%tezth&zer&i%l%gg?&hﬁw dred336F formingduci ng

the rise in tenperature o Ircult
or derl5t o ovutepeleetrddes apd ostet elenteddss 1A andslBbifbeimked Alg apé fdPhied ohithe end

surfaces of the stacked structure with the PTC thermistor block 14 and the three PTC

In

thermistor elements 12.
In general, if the resistance of a block of a ceramic material is made “
smaller, the element comprising the block generates more heat, causing troubles because
20  the generated excessive heat is conducted to the circuit board on which it is mounted
and raises its temperature such that not only the circuit board itself but also devices
mounted in the proximity are adversely affected. The extra PTC thermistor block 14
of the PTC chip thermistor 11b serves to inhibit the propagation of heat from the PTC
thermistor elements 12 to the circuit board, reducing the rise in temperature of the
25  circuit board.
In order to compare Examples 1 and 3, six samples each of PTC chip
thermistors 11 and 11b were individﬁally mounted to a circuit board and the surface

temperature of each circuit board was measured when a same voltage was applied. The
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t.herm'stors 11 and 11b were indivi dually nounted to a circuit board and the

surface tenperature of each circuit board was neasured when a sane
vol tage was applied. The

10 measured surface tenperature values were 148[err]C, 155 err]C,
150[err]C, 153[err]C, 147[err]C and_ . 150[err]C wth the sanples of

Exanple 1 and 112[err]C, 110[err]C, 105[err]C, 108[err]C, 11i[err]C and
110[err]C with the sanples of Exanple 3. The average val ues were 150[err]C

for Exanple 1 and 109[err] C for igxanple 3, the difference

t her ebetween being greater than 40[err]C. This 5 clearly shows that the
‘heat frompjdhgrédl$arfablé Rnipdfiiie VhREs Weke 148°Ce$559C,480YC P53PToRAPRE Gnd to
the circuit board and hénce its surface tenperature is slowto rise.

Al t hough t16@°C witbthé sampiesoffxempltckand HEd Cabtl/ €, ios iCy BitdCond £°C andnl y
alimted er.,.of exanpl e t hes anpl es ar,e not i edq.to Limt the
S cope of AREE Stk he SHRHRs FERxinn . ThREbrERe P e 19050 S ranels

possi bl e Wighi1094d for Bx2RBle 8] th Bfferdice m‘e&ugtyemeang gfegg%fﬁgmhﬁ"@. Sfigg bl ocks

14 may be of any other ihsulating or near ting material
provi & ng cleareshossahet thehrbt feonn thedd BG chip thdrmstorilbds kefs likely fo frepagater t he
el ectrodes 1h7b.and 1%%.@%ﬁxt.ra PTC t herm st or .bl ock, 14 may be further
att ached &fthe circutt b & o rBIRITPSFANE LoV ARt 12° of the PTC chip
therm stor 11b thro : BasdeRereg Abb i PTC
chip therm stor wl Pqﬂlg\%htg%ﬁygn@r@??hbst oreg%l ochE?LS thggteﬁﬁg%\%it@top and
bot t om si d@dimnited number of é&xamples, these examiplesaré natfintehdediodimpt the scogesofitheer
b o ishiohy e e ol acoions SR TRBRE BUFRIAL o S
They y ' r et s dife d,aki ng or
any” T R e b R et blg P! e BE DL shy SR i plurilg s pri'se
any net al imguldtingamnatefifl prosidinges adsistanicy vahe ofogrefter thanalBEE ytweentheig @
Thoy mmy SesBOUB 17BAHGHDy AR TG B Biator ackddame o

ey may y
sputterin kil | Nl i ; [ y
combi nat | AgP SFRR tohFIRC Heropieaiiol 19 it PR CHp hERUNEl 1 IDuRbRdY
and/ or 12aldsepinte sich thaethe resukaont BTE chip thermiskirGvitl hiape & RECrthetntistoflBlocd 1a or

11b is not limted to three. -The nunber may be freely 25 changed and it '
i s pr ¥ er hoth B It Rp adhotlom §dsr ease this nunber, depending on the

purpose of use, gg' thQUANof the Eathpils Xthe el eRRbd& ATHBLS1R A% 96 Rag | Y

stacked. Althou
comprise a metal of any kind capable of exhibiting an ohmic characteristic such as Cr

and Al. They may be formed by sputtering, vapor deposition, printing and baking or any
combination of these. The outer electrodes 17 ad 18 may comprise any meta! with good
20  solderability and may be created by forming an upper layer of solderable metal such as
Sn above a baked Ag layer. They may also be formed by any of various methods such
as sputtering, vapor deposition, printing and baking, soldering and any combination of
these. The number of PTC thermistor elements 12 and/or 12a to be stacked to form a
PTC chip thermistor 11, 11a or 11b is not limited to three. The number may be freely
25  changed and it is preferred to increase or decrease this number, depending on the
purpose of use, although five to six thermistor elements are generally stacked. Although
glass layers 13 were used to attach the PTC thermistor elements 12 and 122 and PTC

thermistor blocks 14, any other .insuiating material other than glass, such as resin
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gl ass layers 13 were used to attach the PTC thernmistor elenents 12 and 12a

* and PTC therm stor blocks 14, any other insulating material other

t han gl ass, such as resin materials, may be
substituted. As for the nethods of production, a glass paste may be

applied to the individual PTC therm stor elenments 12 and/or 12b to insulate
t hem before they are joined together. In this manner, -it is possible
to obtain glass |ayers of a ‘specified thickness and insulate themin
areliable manner. 5 Finally, although the invention
was described in ternms of PTC chip thermstors, it goes w thout

saying th ' ' n I o Lye

ot s e, Y OB ASHEIS RN iR IRy |
summary, applied td eheindiNiduabPDE thiehhistor Blemsiits 02 alblye1 250\ inuiht@ fHeaDiRTore

They can have their resistance reduced by stacking a plurality of planar

t her ni st otheyoare joised tegatherankd hisrmamer.nity 1% pessiblentopebtain| glassdaydss ofiat t he
e e ee?gﬁ{%kﬁeqss LiE ?\g%te.them ina ‘é@é%}% j o _the number of PTC

therm stor* e nts connec I'n para & a plurality of

t her msst or el enent s Riiatlys hitlidugH thé énventidrowad destribed @ terinb @f R @hipcal
strength of the chip thus formed is inproved, and this nmakes it possible to
use thin thermistorgit:g08y withaayt sayingshataheinuention can relate eqwallywalltosesativel enent s

are stack ' A . insulating material inserted in
bet ween, ?%’r‘%é&%é}g}ﬁiﬁg{lﬁmﬁ% ?héﬁg]eelgﬁisy%#'ch t he i ndi vi dual
therm stor el ements Jals@médads; Ichip tAértnidiofs of BRSO fnfvaition 1&RE nialy advaRkRs.t hei r
production process sinpler. Since the inner electrodes are forned so as to

ext end fr diey can have theirrsgristancer redueeddry stackingha piurality of iplangk thepmister si de

f t ' ' h . |
cont A% aReGTREY = EoPRIR dEuR Pl eh SR gl FOBRELISBRA ) oo
an extra tabesrding! torthe hG@lier 6f PTG et eldnienteoiBb&tedin patilldneSineeq, the
surface. t erature of the circuit board on which the chip is

e
mount ed ¢ @nrBlityrafchemistonelementatare stacked ond omtdreef snasherhther meehaniedl cir cui t
board and s%’rteﬁ‘ﬁh ocﬁﬁe' 81%;53 thus ftorr]rgecp {sq)rgppavt , &nd" th%emglge%% Sgs'sible to use thin

planar thermistor elements. Since the thermistor elements are stacked with plates of a

15 nearly insulating material inserted in between, furthermore, the directions in which the
individual thermistor elements are stacked are not important, and this makes their
production process simpler. Since the inner electrodes are formed so as to extend from
one main surface of the thermistor block over a side surface to reach the opposite main
surface, they can securely contact an outer electrode over a sufficiently large contact

20 area. Ifan extra thermistor block is inserted as in Example 3, furthermore, the surface
temperature of the circuit board on which the chip is mounted can be reduced such that

“ill effects of heat to the circuit board and other devices in the proximity can be reduced.
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12 WHAT IS CLAIMED IS - —% -——---ﬂ-chi*p ~thermi st or

conpri si ng: a plurality of planar ther t eI SSt ed one on
top of anot her; i nsul ating | ayers each ghi nRemgm

therm stor elements and insulating one fromthe ]ﬂ; a dlfferent
nmutual | y adj acent pair of said thernistor elenent

pair of outer el ectrodes; wherein each of sai d thernlstor

el enents has a nutually opp05|tely faC|ng pair of end surfaces, a
mut ual |y oppositely facing pair of mald surfaces each extending

bet ween said pair of end surfaces, and a pair of inner electrodes; 10

wher ei n o VEHAT ISaCHAIMEBEX 1Se! ectrodes is in part on one of said mai n
surfaces and ext ends continuously onto Ay gﬁde ﬂé ges and
the other of said inner electrodes [ |$‘)Pn§LQ%h€gn ? e other of said

mai n surfaces alnd eanﬂgv%em%dr%%ﬁ %{‘ﬁont t he ot her of said end

sur f aces, er ei n sai‘d stor elements are stacked

through the nmaiapistlifyafeanhothédmistor eich sta‘cﬁédTbﬁeMﬁ@Kﬂ‘dnsﬂxét;Cture wth a
nmut ual | y opposi.tely facing outer surface ; wherei n each

of said outer disuRtpglarers F%C hdisposed Ratwee @@demlat% asgdram thegther ofi v

surf aces Y, ferent one of the inner
el ect %des%é@ﬂggwddﬁ:ﬁkﬁtpaﬁmggm(eifnents on ép ass?m at ed oné/
of the end sur famsrsofiduesreictrodes; héroMmis THer@hesn8r 18t claim 1

wherein one of said inmer electrqdes is in part on_20 a ‘maj.or portion of
one of said naivhesein eacheof saiddhermistor ¢lements @%@UMHEPPQSEGWJ%P*P% i n

part on a r
e o okl bl el oL, Rind 36 Pl SHHAS SRch eending 3,
part on  betweenaaidgiafoflRad Eﬂr@d&e@fan@ a9affofstietl elBtrddesur f ac 65 and extends
conti nuously over one of said
wherein one of said inner electrodes is in part on one of said main surfaces and
extends continuously onto one of said end surfaces and the other of said inner electrodes
is in part on the other of said main surfaces and extends continucusly onto the other of

said end surfaces,

wherein said thermistor elements are stacked through the main surfaces to

15 together form a stacked structure with a mutually oppositely facing outer surfaces; and
wherein each of said outer electrodes is formed on a respective one of said outer

surfaces and is electrically connected to a different one of the inner electrodes of each

of said thermistor elements on an associated one of the end surfaces thereof.

2. The chip thermistor of claim 1 wherein one of said inner electrodes is in part on
20  amajor portion of one of said main surfaces and the other of said inner electrodes is in

part on a major portion of the other of said main surfaces.

3. The chip thermistor of claim 1 wherein one of said inner electrodes is in part on
a major portion of one of said main surfaces and extends continuously over one of said
end surfaces and further over a portion of the other of said main surfaces, and wherein

25  the other of said inner electrodes is in part on a major portion of the other main surface
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end surfaces and further over a portion of the other of said main surfaces,
and wherein 25 the other of said inner electrodes is.in part—en a nmjor
portion of the other main surface

13 and extends continuous over the ot HEMSﬁlﬂe ?Caces and
further over a portion of the:one main sur The
chip therm stor of claim1l wherein.each of said S covered .

with a [ayer of an electrlcallylnsulatlng materlal : The chip
therm stor of claim1 wherein said inddlating |ayers are each of
t hi ckness greater than 10[err]m 6. The chip therm stor of
claim1 fiandlertendocqmtingousgowen thel athemofcaidiend |sm§adeaamd1@m;hbam&rapomon attached
to one of in surfaces of said stacked structure. : The chip
t her ni st 0T #e QNePHN FUREr ei n said thermistor el ements have bevel ed 10
edge |ines. 8. A met hod of making a chip therm stor conprising
the steps of: provi ding a planar rectangul ar therm stor
bl ock with.a paiite ciip thetmBidriof claim 1 wherpinatiebysatdmaingurfaces is tovepars
el ongated in a longjtu |nal direction and a palr of nmut ual |'y
opposi t el it %}aﬁgr %%@@Eﬁ@gﬁﬁ‘é“‘éﬂ‘ﬁ%w&?eﬁﬁ in said |ongitudinal direction
bet ween 15 said pair of main surfaces; formng a first
el ectrode and a second el ectrode

5 S The chip thermistor of claim 1 wherein said insulating layers are each of

thickness greater than 10pm.

6. The chip thermistor of claim 1 further comprising an electﬁ;:aliy insulating plate

attached to one of main surfaces of said stacked structure.

7. The chip thermistor of claim 1 wherein said thermistor elements have beveled

10 edge lines.

8. A method of making a chip thermistor comprising the steps of:
providing a planar rectangular thermistor block with a pair of mutually
oppositely facing main surfaces elongated in a longitudinal direction and a pair of |
mutually oppositely facing side surfaces extending in said longitudinal direction between
15 said pair of main surfaces;
forming a first electrode and a second electrode
from-each-other, said first electrode being in part on one of said main surfaces and ‘/

extending continuously onto one of said side surfaces, said second electrode being in

part on the other of said main surfaces and extending continuously onto the other of said
20 side surfaces;
thereafter cutting said thermistor block transversely to said longitudinal direction

to thereby obtain a plurality of thermistor elements;
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said first electrode being in part-on one of-sai-d-main surfaces and
extendi ng continuously onto one _of said side surfaces, said second

el ectrode being in part ORisiShee CHRCRIBGEH i n surfaces and
ext endi ng continuously onto the ot u H si de surfaces;

thereafter cutting said therm stor rsely to said |ongitudinal

direction to thereby obtain a plurality of therm stor™el enents;

14 produci ng a stacked structure by stacking said plurality
of therm stor elenents one on tbp of another with an insulating |ayer
I nserted between each nutual ly adjacently stacked pair of said

therm st or el epevdusingastatked stobaturedyrstackingealdeplunatitynofitheriistor elements
oppositely facing_outer surfaces, portions the-first electrodes and the
second 50ne ol Ot BRiber avthian nsuletins averineres gmeee cathenutialiy,adipeenty de

surfaces QtEEIEé?P g?xp Qi ltl?éi’ﬂ?s@or elementd s ﬂacgé{l %tm%ﬁ.{ré %@ﬁng fdehally

formng a pair outer electrodes each on a fere one sal out er
surfaces oppositedf fachigdostbnslratest rpoctionseof ercfirsoielestbodesoniid theebezohd odes

being electrically, connected to those of the first el ectrpdes and the
second el Sertasies of the starked dhermyster diemasnis B ie sids suripeesbareet being aligned o

-

The et hody, Qfid Sk Wadibielgi N said first electrode is formed so as to be in
part on a nmajor portion of the one nmain surface, extending

conti nuously ofdrmirgeepaimsf ontedelectrodes eavit baadifferentianetdfssid @ate stffacest her
mai n surfafe“ and whergin said second el ectrode js 15 formed sqQ as to be
gal

in part off saidrsiackedsbiuctuss, eaeh ofsaidhpuier elggtrodes eing electrically gonnegted to

conti nuou Q the - i ¢ . h in
cur  ace. - Hose Bt dig i BhtfSaed olf il isbeAif, ARGroddl ofthe 30kCed "efRAET 1
and sy d skarni. el ectrode are formed by formng an-electrically
conductive |l ayer entirely on said main surfaces and on sai d side

surfaces and renoving strips of said conductive layer in said |ongitudinal
9. The method of claim 8 wherein said first electrode is formed so as to be in part

on a major portion of the one main surface, extending continuously onto the one side
surface and further onto the other main surface, and wherein said second electrode is
15 formed so as to be in part on a major portion of the other main surface, extending

continuously onto the other side surface and further onto the one main surface.

10.  The method of claim 8 wherein said first electrode and said second electrode are
formed by forming an electrically conductive layer entirely on said main surfaces and on
said side surfaces and removing strips of said conductive layer in said longitudinal
20  direction to thereby form separations between said first electrode and said second

electrode on said main surfaces.

11.  The method of claim 8 further comprising the step of covering at least each of
externally exposed surfaces of said stacked structure parallel to the main surfaces of the

stacked thermistor elements with an electrically insulating plate.
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20 direction to thereby form separati ons between said first el ectrode and
sai d second el ectrode on said main surfaces. 11. The met hod
of claim8 further conprising the step of covering at |east each of

external |y exposed surfaces of said stacked structure parallel to the main

surfaces of the st acked t her n=i"stor elenents with an electrically
i nsul ating pl ate. ’

15 12. The net hod of claim 8 %urt her conprising the step of
attaching an electrically [ nsul& ing plate to one of external Iy

Surfaces Wi | noemaRd el ot RGNS omprane 5 e of anapking auieseliod o
claim8 %k%'ia%ing rp?ﬂb@o ] @Fex?érﬁﬁiyre&ﬂ@s%d%{:ﬁ’aée%f*?ﬁ'd F\écﬁé@%ﬁiu?&g%aﬂe} sai d

stacked struct In a glass paste to form gl ass yers over out er
sur f aces to ke main, surfaces ofiphel spacked thermistoretenpatst e on sai d outer surfaces and
baki ng the silver paste to cause gl ass mat eri al of said glass paste on
said outer surfaces to diffuse into said silver paste.

13.  The method of claim 8 wherein said outer electrodes are formed by immersing
5  said stacked structure in a glass paste to form glass layers over all outer surfaces thereof,
applying an silver paste on said outer surfaces and baking the silver paste to cause glass

material of said glas$ paste on said outer surfaces to diffuse into said silver paste.
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