METHOD OF PR(I)UCI NG THERM STOR CHI Ps. * - Background of- the 1nvention

ThTs invention relates to a nethod of prodUC|ng thernlstor ChIpS and
more particularly to thermi stor chips of t vin dhe5|vely
‘attached | ayers. 5° There have en iy? 25?%'26
therm stor chips and to reduce their resis nc '

| ower the . r.J.0ss due to a voltage drop. V|em/ of these demand
Japanese%d§£g§3q4§h|ca1|on Tokkai 6-267709 di scl osed therni stor ‘chi ps

of a layered structure obtained by 10 stacking up one on top of another a
plurality of elenents . -r-_ure characteristic

and havi ng el ect r dtf s attachlng t hem

by usinng an electricall du ]ad esiye and connectlng the

i ndi vi dual elenents in E?:’? éers. -Tfﬁ i }f; §§r§'§ﬁ "gr\é\nth a low 15 _
resi stance val ue can be obtai ned by % .nﬁi eqrin this . mnner.
When therm stor chips wth such a structure are to be produced, not
only is it necessary to attach the i ndi vi dual el enents with an

adhesi ve sugh that_their electrodes overlap 20 each other but also to keep
t he el ec ~a nutually insulated relationship.
Thus, the struct ur ertisl 1nventi)oiﬂerébat§§edosHChethaH blfe &emlidﬁ.trigve
2?’2??.“&"1‘9%%%. Ahing HBENRbEF bRrhiguls Sgbis“‘%ﬁga%*i%ﬁ%ﬁ% fFabe |t
is 25 n mettmummmesfamlwemachem fhyersterent|ly shaped -
eIechodes ‘there “fﬁéfbrﬁ&@bFﬁé@ﬁbHEhéﬁdgf anBEﬂsh§915Q§r1ze production
cost. thermistor chips and to reduce thelr resistance values in
order to lower the power loss due to a voltage drop. In view
of these demands, Japanese Patent Publication Tokkai 6-267709
- disclosed thermistor chips of a layered structure obtained by
10 stacking up one on top of another a.plurality of elements each
having a positive temperature characteristic and'having--
electrodes formed on both its main surfaces, attaching them by
using an electrically conductive adhesive and connecting the
individual elements in parallel. Thermistor chips with a low
- 15 resistance value can be obtained by structuring them in this
manner. ’ _
When thermistor chips with such a structure are to
be produced, not only is it necessary to attach the individual
elements with an adhesive such that their electrodes overlap
20 each other but also to keep the electrodes on each element in
a2 mutually insulated reiathnship. Thus, the structure had
to be designed such that the conductive adhesive would not be
applied to the area between the electrodes or an electrically
insulating material had to be applied. Moreover, since it is
25 necessary to stack up many elements with differently shaped
electrodes, there was a higg_gfggggiiffz;gf_increasing the
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In view of the above, it may be consideréd to produce a therm stor by
stacking up a plurality of elenents t hrough an el ectrically insulating
material. Such a - therm stor may be forned by preparing el enents each
having one 5 ohmc electrode which covers al nost entirely one of the nmain.
surfaces and extends over one of a side surfaces to the other - main
surface and anot her_ ohm c el ectrode whi ch, covers the ot her main

surface al nost ent iTRIYtShPeERARPIVRr bhdAde be congidered,face to the
first napnodumha@ethﬁunxsﬁﬁtﬂﬁmt§t@éklﬁ@ up s& apkeraDiey 06£t @DefiéndBot her

02 I RS Sl WTBk a1 19 UL APRE EhE 00D R T SR gn 1 nouTating

mat eri al such et Ween e trodes are
f or med oFBﬁrmlStqnunQEuh% ‘formed sey obrnéparingt ebementspeach bavihg shee

surfgcesohkic electrode Jﬁﬁﬁﬁnééﬁﬁr§hépﬁ09£ éﬂt§réf§eoﬁéeofd¥ﬁgtﬂgfﬁus in

that the area over which the adhesive should be applied

strict|ySEBSHARS EECHETEE a?Y%Frp‘Pn?s"Be? nﬁl‘ﬁﬁdﬁuFSa?%ﬁu‘é@ "the other
rgﬁlstanmalnmsnrfddﬁfanﬂﬂané&m@ﬁ 6@&16 éBe@ﬂrﬁ@dethﬁséovers tna kinds 0;
adhesi ve t uct ure can be, mad nce el enents o
only one %?’%Et gﬂrae”{] ‘g’g ?@5" € cgpire %dﬁfg%ﬂﬁs cﬁgfrc§ﬂ°§£e?"educed.
One of tHé-dleemde)rt@rtlmwfngstunaulnhsurrfad:ers Theseoeleméntsoater st
prepere §Qd@ﬂ3&3dﬂé“3 ﬁEEWQﬁQFﬁer in® bﬁéiﬁtg rFQcéhﬁofﬁﬁﬂhOf a green

sheet, stacking t en1mnt ctrica Iy rnsu material inserted
in betmeéﬁrﬁﬁﬂﬁ|Wﬁ}at1°n$hlPrﬁhﬁ?ﬁﬂhv?ﬁubﬁsﬁléﬁ%hg Bﬁﬁethéﬁ sugheasi ag

themto glass ﬂaﬁefmaprmasétw&ﬁh sgate QEéB@ﬂonQV\Si‘érfoﬂn&at B*rér

h t h l.ect d t h t - -
Conerat o the PARES 4f Bidle SRR G ATalRFSRRE) axBrSel " GartRa: 84880 bet ween
t he eIecFﬂM%ﬁiQﬁﬂii:he elenent Since this functions as an electrical
b ' k d
Chermistor with a rnatstof LAIF0 6E this BYpROFe ha0uhBallebils®™n . 1o

consi der &3 the he a%en i o\ex Heéhich therﬁdheéhvefSbguhdab%aappbledayen behni ¢
el ect r odetrdict Ty dBIERS116d WhE1EVARCALELR LT ﬁéesem{:;cﬁaaaveoakéaaéag
undergon%h§1¥e51é£ance value. Moreover, since there is no need to use
two kinds of adhesive agents, the structure can be made
20 51mp1er. Since elements of only one kind are to be stacked
up, the production cost can be reduced.
One of the methods for producing such thermistors
would be to first prepare an ohmic electrode on mother
- substrates in the form of a green sheet, stacking them with an
25 electrically insulating material inserted in between, cutting
it into individual element and then subjecting them to a
firing process. With such a method, however, electric charges
move from the electrode maférial_into the elements and
generate voltage differences, and a barrier layer is generated
30 between the electrode and the element. Since this functions
as an electrical barrier, it works against the intended
purpose of obtaining a thermistor with a reduced resistance.
According to a method considered for preventing the
formation of such a barrier layer, ohmic electrodes are formed
35 on the mother substrates which have already undergone a firing
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process, thereafter they are stacked:.with an i nsul at i ng mat er i al in’

bét ween and then a dicing blade or the like is used to cut it into
i ndi-vi dual el ements. This nethod, however, is not econom cally feasible
because the useful 5 lifetine of a blade is not sufficiently long and this
adversely affects the cost of production In view of the

above e consi y ohm c el e¢gtrodes are

. gﬁﬂwgé?he&gg%e%ﬁ R BER R e’é% Wgtgrﬁﬁvégsﬂﬁ‘tﬁ'ﬁﬁr ng it
easr er tmateripledk betaemfanst then s biikimg upladengrt theelgkeoiss into
I ndivid I h R I n, t - materia
in bet vveug}r;teﬁoefagg%%a tthg')rhnﬁtq" (ﬁi l?ﬁiﬁ%tiav?%ﬁ&ﬁgy 'ﬂé‘kg JneghPr‘*luct ure. Such
a nethodh°“%VEVer15099Fd%ﬁﬂﬁ9ﬂ%ﬂﬂk%¥ feasébh@h@egauﬁeythecusafulproducts
and mencplfeemeeb@ af pleerd'; slsaoﬁorsms@iéléﬁéwowﬁecaﬂaethﬁe stacki ng

takes pl ter ubs rate |s proken®up 1nto el enents. :
Summary © £§$?ﬁ ein?%&%ﬁ$slgie Tost''S2 PERAYCtIPRr of ore an object of this
i nvention to plnvwdemaaﬁm&huﬂdhnbeﬁ another ngethoed mayobechi ps whi ch
s 20 eas si&eﬁaﬁr%h%&% hréﬁﬁgaggpo o&%gqggésfgkﬁedaoh'ghﬂoggﬁﬁbd

di rrensr onal accuracy at
enbodyi nﬁulPﬁ‘Fs'aFﬁvBﬁtflm breaking cgrqcmes fonbmakingdibt Besiewj kot s can be

accpop! i bhedk st:aaha wirtdert e is BioEeRfu r@P&E@ nghés@%?ﬁ&végbihﬁ:%t e
whi ch |s sintered _ceramc materi al “sha e a strip and

havi ng a 1V§g§8if i 8 ENtS o TheY ARR SERFRe] HAP a‘i%EPr 3R, enaraéraamg
pl ural i tyabtérialuinl }oem:retdri do o s . théhnmﬁdﬂroéhibeﬁsvz.ng at laperean

ohmc el s f t |nu usI frontone of its

mai n sur a%{eggtﬁgbone%% 5 ecgo%&'%\??ﬁte% % tﬂﬁ G/ ¢ el ectrode

extendrHﬁlEﬁﬂﬁiﬁnééiwyaccunatﬁnnrﬂduﬁtﬁﬁamﬂmnsmceI?héayne@dnafn"gODﬂace to
anoiser prdaucts weisf @.‘Eﬁr b@&é@kt@%&&kf&& éﬁ&f ?Saélar LRLE2TRhgt el Y

W th e ect con uctrve film say I ng, . vapor
deposrtr%ﬂ HgﬁgFﬁﬁé eﬂﬁr&P?%r ¢m¢ Fnto two
-3-

S.ummam.oi_the_Imn;ign
It is therefore an object of this invention to
provide a new method of producing thermistor'chips which is
20 easy to carry out and can produce products with a high
d1mens10nal accuracy at a hlgh rate ‘of yield.
' A method embodylng this invention, with which the
above and other objects can be accomplished, starts with the
- step of preparing a mother substrate which is made of a
25 sintered ceramic material_shéped like a strip and having a
specified resistance-temperature characteristic and a
plurality of mutually parallel grooves. On each.of these
strips, an ohmic electrode is formed so as to extend
continuously from one of its main surfaces to one of its side
30 surfaces and another ohmic electrode extending continuously
from the other oppositely facing main surface to another side
surface. This may done by covering the strip completely with
an electrically conductive film, say, by'plating, vapor
deposition or sputtering, and separating this film into two
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areal ‘parts by formng a longitudinally extending slit in the filmon
each of the main surfaces, say, by sandblasting or- | aser trinm ng.
These strips are then stacked one on top of anot her by aligning the
grooves on each of these strips and 5 adhesi vel y attached together with
an-electrically insulating naterlal in between. A glass paste may be

used forafBhs partQU ?g%%fdin %hdﬂf%&fﬁﬁfif‘t O?ﬂ&%ﬁﬁt €8l in the

|nsulat|0|:1 char ac ristics an it°s coefficien expansi on.
The Fa}er en earhcofr Fhen e iy sRnfafesy b%\kermpsanehgaﬁﬁén@ P&ned 10

grooves daskketrtianked. strms‘eowttgssw arylithéhlodtadkéd. one on top of
These ohn1c Iecgrod S _on th?! acked .strips_ar.e tualt¥ﬁsepa%§:ed but

if the p8P? é%&%&& K s ?ﬂet P4€ SuFfBted
connécteddhegevhéy,aﬂtacmaﬁ¢togethdnaﬂxthknncnﬁebtfecahlystnspia&uag
connect eflat8rtgidhitheckion. S g1add YdBeL tiaf 'hp WLLA Fokornigs: St ance

val ue can rically Tnsulating
| ayer |sPP6Pﬁ§& dacyiew ofpitshaeasistanre againstrheats anpsubatigpered

structur ehgﬁdctteﬁlsﬁ:fi%ds |agﬂ SWe Wﬁcié}& I@ﬂlwéﬁﬁhuakb&ns%hch oA e
exposed as ere ruc re are_cove

S|n1larI§aXFFﬁd éﬁ* mqi ?éh%é#%ﬁ uBcE}BBﬁtgﬁe aligned

coniactsgbebmesnomh&hdﬂstaakedndﬁrips1tqumbtarnsiﬂé$v¢dnameun1ts.prevented

and therm stor chi R V¥né %1@ %%ct&f'cldé@ Aﬁté’h&ag.ﬁackedbgt g,

Bri ef Descrlptlon I'ng amnngs
whi ch ar Butiaddyosepagated but alrfd the perpiens ooft the 9%3@!‘*‘9@&& on

i || ustr apacamesdi vdwtsiae suﬁaéése dfé’%ﬁxﬂéb@éld tb§aehbe’ hihchiiic

descrlptlgn serve égaJn the princi the i nvention. In'the

Steihe e chngortedy i PARALIGE o p

dramnngs ggtrodes on dqfﬁfr

proalaced'l‘hyxsa mmtnarﬂtuiyldt@@ lWith rey eldw ofesistance value chndbe? IS a
sectlona%b% %f the therm stor chip of Fig. 1 taken along line 2-2
of Fi -4-

If an electrlcally insulating layer is formed each
'on the top and bottom surfaces of the layered structure and
the side surfaces of the individual units, which became

20 exposed as the layered structure was broken up, are covered

similarly with an electrically insulating material, accidental
contacts between the ohmic circuits on opposite sides can be
prevented and thermistor chips with a higher reliability can
be obtained. |

25 Brief Description of the Drawings
The accompanying drawings, which are incorporated in
and form a part of this specification, illustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the invention. In the drawings:
30 Fig. 1 is a diagonal view of a thermistor chip
produced by a method embodying this invention:
_ Fig. 2 is a sectional view of the thermistor chip of
Fig. 1 taken along line 2-2 of Fig. 1;
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Fig. 3 is a sectional view of the therm stor chip of - Fig. 1 taken al ong
| rne 3-3 of Fig. 1; and Figs. 4A, 4B, 4C, 4D, 4E, 4F, 4G and
4H, which are together referred to as Fig. 4, are diagonal views of the
5 thermstor chip of Fig. 1 at various stages of its production by a
met-hod enbodyi ng this invention. Det ai | ed Description of the

| nvention 3 f.%ﬁpr 0§¢ Chi p
1 produced by a né?ﬂ%d en%od |nec€ﬁ§§g}n33%9|on y 1 %ﬂfﬁn%g up
three ufigs. 2 taken along bhneo%- foﬁnEﬂEerlrlﬁnd order to obtain a

therm stor chip wghgan gxemhowge 4D," 8%, S CAGY A 418, WO edrber of
such units may be stacked Each of th%ﬂgﬁﬁis 2, 3 and
4 conpr i Qgether paferred Bﬁd?52§193a4oraE§ Rdagonal, vasms ®ria

havisig &hermisPeei Ehep 6cSFsganmeatevaeliam.r stakpisadfrity iproduseionf

ohm ¢ ele traodes, 2 f h so as to cover a . maj or

porti on %rfg §‘F°$h%’"§81§¥92 nggsg%‘g%g't?‘?’?‘r st main surface") of a
'correspondlng one of these ceram c bodies 2a, 20 3a and 4a and to extend
over on site main surface (the
"second maln surface no m ¢ el ectrodes, 2c, 3c, and 4c
is formed each so BigBe 1, 2 éB9eP &hﬁﬂ'@P|ﬁ§ﬂﬂR%?(ﬁ rhemuisier ngh

surface pfpfdsv@uced byoarﬁé?aadl egboay il tﬁl'ﬂ.sﬁ?frﬁiérﬁ:zl&d} eﬁ?ﬁae?aayand 4a
anot her o sur ace igs firs

curidoe SkadkLAg B  Shrag ks 2s dapncd, BHe Ui ar) of gty

-forned bqrdgplyongbth;nca tnbrunsthe ichide, Winh(aauﬁﬂan Ingwer platlng

vapor ' r t eLi Hmﬂé? ,ﬁ?p d y

attacheg igée{t:ﬁg?ewvtéﬁwgﬁ él g’ct |ca y 3 %f 5 at‘lﬂ}llgtsrratéi %? E‘Eﬁ?&%ﬁ

| ead bor%B*Ilcate gl ass, I nserted therebetmeen to formthe thern1stor
chip 1. Covers 6 Eachab¢ theRdfits @r; <) %ﬁ{dw&ldﬁm&aélagramerl al are

for ur?%%%sgﬁfhsﬁgx%ﬁénall¥ ex secfportlons of ]ugger%1éomer and
-5- -specified reslstance-temperature characteristic. A set of
ohmic electrodes 2b, 3b and 4b is formed each so as to cover a
major portion of one of the main surfaces (the "first main
surface™) of'a'corresponding oné of these ceramic bodies 2a,
20 3a and 4a and to extend over one of its side surfaces to the.
opposite main surface (the "second main surface"). Another
set of ohmic electrodes 2c, 3c and 4c is formed each so as to
cover a major portion of the second main surface of the
corresponding one of the ceramic bodies 2a, 3a and 4a and to
25 extend over another of its side surfaces to its first main
' surface. These ohmic electrodes 2b, 3b, 4b, 2c¢, 3c and 4c nmay
be formed by applying Ni, Cr, Al or the like, for example, by
plating, vapor deposition or sputtering. The units 2, 3 and 4
are adhesively attached together with an electrically
30 insulating material 5, such as lead borosilicate glass,
inserted therebetween to form the thermistor chip 1. Covers 6
and 7 made of an electrically insulating material are formed
on the externally exposed portions of the upper, lower and
side surfaces of the thermistor chip 1. Outer electrodes 8,
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such as of Ag, for soldering are formed so as to electrically =~ connect
with the portions of the ohmc el ectrodes 2b-4b and 2c-4c exposed on
the side surfaces of the thernmistor chip 1 such that the ohmc

el ectrodes 2b-4b are nmutually in an 5 "electrically connected relatlonshlp
and so are the ohmc el ectrodes 2c-4c anong thensel ves.

ther i ot Gcf, BB pE U FUr (SIS ngTafs FotlilaCtg ns EHORIELERIET LY
pr epar edcagnfevt & the mertigns o8 mh@hmsqbglegtm%s nab-#b apfai ned

by beraich@xpadd th %@Vmé%@féaégs' 8f ”Eﬁé%ﬂlé!rﬁfé@éﬂdbﬁhlba&

directions e tively at, intervals_of 5. 4nm and exanpl e,
on the uff 85’ %afth(?@%fm'g”c‘ére&ﬁ% trpdes hsdh W?hmutmhﬁl iRn88s about

0. 258m suehmmm:y Koraisbéd negldeidnsntp 4hd by aseénthé shmdcor by

means of crj be d t he grooves 11 and 12 should
preferabﬁéeg%ﬁ§q§%)%§){?nﬁp?$% gﬁgmsg%Yﬁﬁhess of the green sheet. The
not her substrate 10ext, Fig{ ot nbsl bgfenenngdstiohdesgrikbe shmethed alfout

1300[err?§°dﬁdfy' the &ﬂéﬁéF§$ag Cﬁgﬁ ghickness of the nother substrate 1Q_-

becones abou 0 2 the intefval s between the grooves 11 and 12
becone about 4.5mmEHER, Anplanar mother subggralig ifohs Rrepprgdiss

obt aioned shywier eiakimigy £ hea. TheDibEResUBabESERL010] ﬁﬁ? bbeoataanea i:&
S

Next | an BEH bekbcing St @1y e, Shoplkirl EycpefRtoadrulatoces,
say, of - Hidectfionsdrespettivelyaatsintethalissofip. 4ﬂm and 3L8mhusEWQ of

t he 'nte@ﬂﬂhﬂfe}fﬁhgﬂﬂ@xﬁégéé s@¥f§&§cgfoéeééramlglﬁk@&#nghe%g

Fig. 4C | ongi tudi nal 'y exten its 16 are
30 for nthrigkness About 0 f25ma. of Sugh QFPPﬁe§311a§n§hé3/nmﬁH beg: forned 4D,

by 3§{mvag uyjrﬂge%pmdlgoﬁqsylﬁasngf ofh& Lakerlécrsber. by The depth of g
Fandh a=iu? Bloind € add' 11! SheTd-RebUikahl, be' B.4ip08 simepthE 50
on the umhdicknessiozf i thé ogreennshéetl osPhe3motherosabstrate ioddsedges of
the strigohhed 'y Bd¥ify Sudf 2 green sheet at about 1300°C. After O
the baking, the thickness of the mother substrate 10 becomes
20 about 0.2mm and the intervals between  the grooves 11 and 12
become about 4.5mm and 3.2mm. S+Y\P |
Fig. 4B shows a,@is obtained by break:.ng the
mother substrate 10 along the grooves 12, having grooves 11 on
its upper surface at intervals, say, of 3.2mm. Next, an
25 electrically conductive f£ilm 14 for forming ohmic electrodes,
say, of Ni is formed on all surfaces of this strip 13,
inclusive of the interior of the grooves 11, by electroless
platlng, as shown in Fig. 4C. '
Next, longitudinally extendlng slits 15 and 16 are
30 formed on the main surfaces of the strip 13, as shown in Fig.
4D, by removing corresponding portions of the film 14, say, by
sandblasting or by laser trimming, such that the film 14 is
separated to mutually separated areal portions. As shown in
Fig. 2, the slit 15 on the upper surface is formed much closer
35 to one of the side edges of the strip 13 while the slit 16 on
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the l-ower surface is fornmed nmuch claser to the other of the si de edges

of the strip 13. This is done so as to nake as | arge portions as
possible of the filns 14 will be facing opposi te each ot her between the
upper and | ower surfaces of 5 the strip 13 and to thereby reduce the
resi stance val ue t her ebet ween. Next , a plurality of

(three, 4yl tfihSe fxéﬁPkﬁéeS&E' %r}gned ﬁiﬁﬁﬁ%ﬁbé& 5&& §& G eétaﬁkﬁﬁﬁa”d o
past ed tO et her one nmeans O an-electrica

i nsul at |$17gi¢ra%@3?—ﬁl os Ibe stEHPad3a |éabr~5bok%s¢<|m%a% 3 aks paBEeagnd are
then dripghd® port@Bhai asa b@gqmd; If Ugialreilmé mew'ﬁmckenaacsnéone by

I bot h, end th th
al L%”AF?%@%%%‘@SF& 9tﬁﬁrt Re it s, pPer i LOVEE SuRgagesaRE ¢
el ecsri cethé ystnspl asi apdnmebe tihalreby sekhicée helte afe=istapte edaloe

| ongi t udy ated center portions . of both the upper and lower
surfacegé%§£%%ee%§§gred structure so as to cover not only the film 14

but al so the areasNek&nea plurgliithy f atkhuee hair this esampde)astxripdn in

207 up ArSERotn in Tig RS A e %?fé"p“‘????gr' SnbneR kepily
- The breaﬁg gnEEHe o DY Peansy of AR et 'glh%gufgglng mag?5&9é5511 are

accymateéuchlagnadleadlbenwsmmﬂdaﬂecgla@m pastetamdkaeesthéntHelbdyebed

structur n | I b e S oth si de
surfacesgaFggg 5 g?& %%?-5?93§§§ilhg'% ak%%gg%gég gsggégﬁs t he

el ect ri calignipgdbothy end PaﬁﬁSrnﬂAumasSQH1P$alBy theinegrhovgsodies 11,
as expl atﬁéf'eogl %6:@{3%\1%0 fa*ﬁdx{hwléé%e eaifriﬁl tRel &1EEE€iBhV%|fy thiegyent ed

from I nva I nteri oy grooves .. Thuy he 1 nsul ating
mat er i al tB1RKREFE a0y Sdeagtpiqally t*@%%ﬁk?‘ﬁgmﬁ'e?héjﬂé 18ayer ed
st ryst ureheﬁéaftbe- @ppliel’ to [longitudbealdyedlongated cehter iportiensiF,

LD e S 55! LG A 1y S “Bifaces oB' Fof REREEAMISARING
el ectri cabl @si koulcamviery not oniky cthel £ikmf d4nbut alsehbhe Arredisgwheé®e on
fﬁCh of Eﬂﬁt@ 9% 32a 3¢ RS Bled hfoi:'ﬂé& 1Zs""£h8€}nci‘ﬂez-'&8 bggexposed by
The layered structure thus prepared is then broken
20 up along the grooves 11 to obtain individually separated units
17. The breaking can be effected simultaneously. Since the
grooves 11 are accuratelj_aligned in the direction of the
thickness of the layered structure, the individual units 17
can be obtained with smooth side surfaces along which the
- 25 breaking has taken place. Because the electrically conductive
film 14 was partially inside the grooves 11, as explalned
above, the insulating material 5 is effectively prevented from
invading the interior of the grooves 11. Thus, the insulating
‘material 5 has no adverse effect on the breaking of the
30 layered structure into the units 17. It is to be noted, as
shown in Fig. 4F, that the ohmic electrodes 2b-4b and 2c-4c
are exposed to the exterior on the side surfaces of the unit
17. Thereafter, a covef_? made of an electrically insulating
material is formed, as shown in Fig. 4G, on each of the side
35 surfaces of the unit 17 which came to be exposed by the
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breaking of the layered structure. .Finally, outer electrodes 8 for
being soldered to a circuit board are forned over the - end portions of
the ohmc el ectrodes 2b-4b and 2c-4c exposed to the exterior on both
side surfaces of the unit 17, as shown 5 in Fig. 4H to obtain the
thermstor chip 1 as a flnlshed ‘product. The outer el ectrodes 8 may be

f or med bbr&aklﬁf; UfGthe 1alyma Rithictiire et hods BLEN &&t@?.‘ Qi& cRSodds
plating éh% Npe /.Pb, etc.) or utterlng (Mo

Ag- sol det, ~°F éP@'f°%§ere to'a °14%P rhé) @dtﬁVgrlﬁhéntlon
as descrenh@dportiomisows thee omiic @1qafmbaas1gml+mr5m@nabl-zcl e&g@%ate

t herm st p |f C e npar

prior arteangitih % ? B‘?%a%n?lg’ u%l ?srltdoéll rﬁﬁd% nfl'clf% e %‘?l'sf"saﬁ‘g‘of'l‘?en
st acRi ngiBnBigastihg tohektedge e tHHnmIHtoqnqnmpnl|mseatﬁmnlshpdr|nented
and succggdadcey PHOIGRLr o1 ecbdii ¢y S&é’rfiﬂ&ﬁ BY BAGUEENGnEe

failure %ﬁtlo down to vention has
been destPPBBIPIHGFe 3FF methpds such as die haking eA‘I)utP%%FénGxéNﬂP@m:s not

i nt endedNiesAesn/Fhyi letidhy ORPUHtdding nomﬁépIAg-%IueffpdA&l-Qahuaes and
variati oggs aze possi ble within the scope of the invention.: goes

wi t hout sayihg that this nethod can be -applied to the - productlon of
botkOpositive and ﬁﬁgatMQ$hﬂdmamhqﬂMINQ(thls irhesmt 5610; abi gescribed to be

15 s M i i 05 g
not her HBERB ¢ 1%%@% e andf inantaly yreduredi cais seomparedhitioc
eIectrodthe prlcmouhi m%ﬂhbéfafﬂﬁtéﬂkﬂhgﬂuﬂfﬁhﬁﬁ”&ﬁdeh&ﬁaﬁaﬁhlﬂg the
Zla:oz)gl ti on or sg‘gt Jt&”‘f‘noég%g‘m -4 eldg%al e bg ﬁeﬁf' " evapo{/\hgto i's
cl alBed present 1nyentnrﬁeEManﬁmqntaﬂﬂand)sduuéadédwbphpfeﬁu&anqbﬁeth?g
cach eropgareq I eEniStor, chipg by, PR i Biufe€ FRHIBL SR KRG
pl ate havi ng a speC|f|ed resi stance- tenperature characteristic, and
having a mutual |y oprewugtl ¥He Gir@emlAdidn Had ivedn HKLSEEBEE above by
way of a single example but this example is not intended to
20 limit the scope of the invention. Many modifications and
variations are possible within the scope of the inventlon. It
goes without saying that this method can be applied to the
production of both positive and negative characteristic
thermistor chips. It is to be noted that the outer electrodes
25 8 are not indispensable, and their functions may be served by
the ohmic electrodes 2b-4b and 2c-4c. Another method of
forming the two mutually separated sets of ohmic electrodes
would be to form a mask at-the position of each of the slits
15 and 16, to form an electrode all over by plating, wvapor
30 deposition or sputtering and then to remove the mask.




mai n surf ' f first and second side surfaces . extendi ng
bet ween jmgiﬂﬂﬂ .@ﬁﬂihﬂFond mai n surfaces, said 10 first main surface
havi ng f s urality of “mutual ly parallel grooves |

extendi ng perpendicularly to said | ongi tudi nal direction;

formng a first ohmc el ectrode which extends conti nuously from said
first migRatURiaca dimepijsfirst side 15 . surface and a second ohmc

el ectrode which extends conti nuously from sai d second main surface to
sai d" second si de surface; o stacking a plurality of said
strips one oniA metidod of prmdﬁm&n@ytﬁérmhsﬂgrthnlgspos&$doﬁeanbd strips
and adhe 1d strips together with an electrlcally
|nsulat|%g %ﬁ§§% §ﬁ§§¥¥] btaln a |layered structure;

br eaki ng up s&htaxnanKthlmst@feaam@h@eSasdbatrghedeach egooGRﬁsdtan

t her gby thghglﬂﬁﬁiﬁéﬁﬁﬁlfgﬁéfon, made &f aTgfneng&dcgfaﬁ%é'gi%t@here'n

said first second ohm ¢ el ectrodes are forned t eps of
coverlngh§X¥HQﬂ%|§P?ﬁﬁﬁﬂ%ﬂeﬁ?s%ﬁ?%n%ﬂ‘E?EE???EHFPyCharacESﬁaﬁﬁéFVeaﬂﬁlm
and havmgseapammnatm;sawbésiﬁely\tﬁa&i\ﬁgppaiﬁ bf EOF8tngndn sediofd

| ongi t udi t d_f ¢ face .
and-anot AL {EFACES, $hd 14 pafir B e ikeE Ao frtond’ Sigp KigTaces” 1 370
The nethG@tﬂMQﬂngrhthgsmrﬁﬂldoﬂpr$tlngdtﬁecendpmamn surfaces, said

-9-10 | first main surfaé8r$%ge g”f8£ﬁ€&rtﬁéféén'ngiﬁﬁhﬂ§t§a$&r each on a

top surface and a bottom sur sald | ayered str
cover i ng ®itHald feakal gl |QEPQYﬂﬁanEﬁP@§ngmBP€ReB€§§H%ariY tceﬁﬂéged as

-sai d !ayammﬁyﬁudgﬁamedﬁagcbieﬁﬁn up, mnth an electrlpally |nsulat|ng
g?ferlal. : formlng a fﬁ é ggmgé g gdLurﬁ ﬁ 22@25&2‘”9 the steps

continuously from said first main surface to said first side
15 surface and a second ohmic electrode which extends |
continuously from said second main surface to said second
side surface:; ,
'stacking a plurality of said strips one on top of
another by aligning the grooves of said strips and.adhesively'
20 attaching said strips together with an electrically
insulating material to thereby obtain a layered structure;
breaking up said layered structure along said aligned
grooves to thereby obtain individual units.

2. The method of claim 1 wherein said first and second
25 ohmic electrodes are formed by thé steps of: _
covering said strip completely with an electrically
conductive film; and .
separating said film.into two parts by forming in said
longitudinal direction a slit in said film on said first main
30 surface and another slit in said film on said second main
surface. |

3. The method of claim 1 further comprising the steps of:

-l



form ng nsul ating Iayer each on a top . surface and a
bett om im @ E l] yered struct ure; covering side surfaces
of indi h becanme 10 exposed as said |ayered structure

was broken up, W|th an el ectrlcally i nsul ating materi al . 5. .
The nethod of claim1 further conprising the step of formng a first

outer elect roctébmduq:l ae@mb@#i@élfyeﬂhéaﬂatmg laYeredalnoforsd Geapi t
saldflrst‘_‘ﬁ%uter ctro contactin ortio of said first-: ohmc

el.ect r od& WHEF |a§'l ?’Fr%‘?r ac °§| ElguRFX%' trustURRf out er
el ectrode contcamemgxgt sme syuofaces of saddvsduandumiﬁts; aibeizthy dekscaské ch

IS on Salé;‘ f f aim?2
further co r| SI n e sfi? ?éj& %Efu?té\r.lﬁ]enwas fr'-rgg ou ér Qﬁ'l%ct (r}%)de and a
secofd o®lactaica Jdblems'-1 atbng cnatiesiadaj d unit, said first outer -

el ectrode contacting a portion of said first ohmic el ectrode which is
on said fjrst ' surface and_a second outer el ectrode contacting a

sid
portion & sal'%‘esé‘lﬁﬁ'w&ﬁﬁ CERERt £ o§BTHRREL CPEPEH SdAT thes steps Bk si de
surface. - - forming Tae émédﬂﬂﬂloill:yah.msalhuﬁ.hbella@@ﬁDrela%HWGJri ke dp of

of ooy Sunfde & FECtIRIGPRCR B8 BARAD Ihber el Srtitiyra: %0 Saald
first ohmc. el@&?@a\'@g vbide surfacesi dff indivigoal sinddssumiteicsh drecame

secabd OWxoHEHd %@1&01’6 édYsfructure was brok
-10- fion %?fsal d secondeoh%sc gloecetnr él(fe \Xﬁ'uh I's on said

second mﬂee%ftﬁ‘fco?@ef 1nsu1%t1nthga1:@;pfagj sof claim4 further conprising the
step of formng a first outer electrode and a second outer el ectrode

5. The method of claim 1 further comprising the step of
forming a first outer electrode and a second outer electrode
- on each of said unit, said first outer electrode eontacting a
15 ' portion of said first ohmic electrode which is on said f:Lrst
side surface and a second outer electrode contactlng a

portion of said second ohm:.c electrode which is on said
second side surface.

6. The method of claim 2 further comprising the step'of_

20 forming a first outer electrode and a second outer electrode
on each of said unit, said first outer electrode contacting a
portion of said first ohmic electrode which is on said first
side surface and a second outer electrode contacting a
portion of said second ohmic electrode which is on saiad

25 second eide surface. - |

7. The method of claim 3 further comprising the step of

forming a first outer electrode and a second outer electrode

on each of said unit, said first outer electrode contacting a

portion of said first ohmic electrode whlch is on said first
30 side surface and a second outer electrode contacting a
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of said unlt said first. outer electrode contacting a

portl ﬁb m‘“ohm c electrode which is on said first . side
surfa uter electrode contacting a - portion of said
secon cL el®ct’r ode which is on said second si de surface. 10 9.
The nethod of claim1l wherein said nother substrate has - grooves forned
in: longlpuﬂtmah ad sadapeediond ahndicd @Qldctrode whill $€i énsgaigs are
obtalned breaklng al t he grooves in sai d | ongitudinal direction.
The® ﬁé?ﬂgd Sgfe FEF%Q%%MKHGIH said nother substrate has 15 grooves
forned I n Iongltudlnal and perpendi cul ar directions . and sai d strips

bt d dipal |
G reoti oalcd BhPRERAY oF Uhin'S PN | dmpr s iy Ten@ILEHILED e
has  f@FBADEs af Simsd owbeshpleshinesde and fersrieRd Pukeli rdectsnde2o

fmd S?l goﬁt EhBh ¥fe slil@irAdt D)sdiE M Tt té’!@e&!ﬁﬁ@déscbﬁtactln§ab.d
ongl t udi

d ti t f. cl wh
not her ng%ﬁgb;%l%a§%qd f%\)‘é@ éﬁnq:r’??éjeo?@?f‘iﬁ: %I °9n§£‘ggr 63%& cul ar
“directioside sura’tad:esarm s rdgromt oulsnislssttyode eadmbgctlinggat he grooves -

i 25; ég%r: i 9{‘% "é% rﬁ#&ﬁﬁc electrc}dc"e Jﬁ]f )gE{QO nOE fcllia' m 5

~wherein her stra ooves forne ongr tudi nal and
perpendygependdﬁmﬁﬁ|snn£ace- and said strlps are obtai ned by breaklng
al ong the grooves in said | ongitudinal direction. 14.

Th t hod of Ia m er e sai d t her,'s bst at e, has .groove -forned
“LBret Baa) nabe AP thah G A iRk satd BRPEE, gubshiaLes B

obta|nedghyobesaﬁcnmeﬂ(ﬂﬂ;ﬂ&ﬁgtﬁunnnﬁi|and perpendiculjarudiralctdionsct i on
and said strips are obtained by breaking along the grooves in
-said longitudinal direction.

-10. The method of claim 2 wherein said mother_substrate has

15 grooves formed in longitudinal and perpendicular directions
and said strips are obtained by breaking along-the grooves in
said longitudinal direction.

11. The method of claim 3 wherein said mother substrate has
grooves formed in longitudinal and perpendicular'directions

20 and said strips are obtained by breaking along the grooves in
said longitudinal direction. '

12. The method of claim 4 wherein said mother substrate has

grooves formed in longitudinal and perpendlcular directions

and sald strips are obtained by breaking along the grooves in
25 said longitudinal direction.

13. The method of claim 5 wherein said mother substrate has
grooves formed in longitudinal and perpendicular directions
and said strips are obtained by breaking along the grooves in
said longitudinal direction.
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. hod of cl 7 wherein said nother substrate has

groov ﬂlﬂ!”@jwwl! m Cudinal and per pendi cul ar directions and said
strip breaki ng al ong the grooves in sai d | ongi tudi nal
direction The met hod of claim@8 wherein said nother substrate

has 10 grooves formed in |ongitudinal and perpendicul ar directions :
and sai L&} IiTise ah€tRbGabEed1R nbECGlet@id @add hd>tgie0 \fbstrate hagi d

long'tL“% Sbvdl"E§HhER" in longitudinal and perpendicular directions
and said strlps are obtained by breaklng along the ‘grooves in.
said longltudlnal direction.

5 15. The method of claim 7-whérein_said mother substrate has
grooves formed in 1ongitﬁdinal and perpendicular directions
and said strips are obtained by breaking along the grooves in
said'longitudinal direction.

16. The method of claim 8 wherein said mother substrate has

10 grooves formed in longitudihal and perpendicular directions
and said strips are obtained by breaking along the grooves in
said longitudinal dlrectlon.
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