L T-_——
; pgr se3euVr LA6TVWf SEM CONDUCTI VE CERAM C COVPCSI TI ON AND SEM CONDUCTI VE
CERAM C ELEMENT USI NG THE SAME BACKGROUND OF THE | N\/El\ﬂ'l
I nvention The present invention relates to a sen conduct O,MM@WW
conposi tion, more specifically to a seni conductive ceramcc
havi ng negative resistance-tenperature characteristics. The prés¥nt
i nvention also rel ates to a sem conductl ve ceram c el enent nuki ng use of
t he sem concakB (%Y g pd s : ex:f j ci ent

"NTC' therm stor) The Qmiclngﬁgm ft]grn@(m esmtmr the pr event| on of
rush current andthe realization o soft-starting a not

Art The word thermstor S derlved from"thernal ly sensitltﬂm,ml m ﬂm
and ref er SACEGRRUN S/ LlNaad8% ance vari es depending on te era .
An NTC t herm stor a k| nd of sem conductive ceram c el enent an

char act er M&M—éﬁ—%&%nce decreases with increase of terrperature
B constant is deflnedb the follown uation,_ wherein is the
resistivity at X %1‘ J=F“’ ’ge%aﬂ:eﬁsretsq & |s(ﬁ!?3y°%ﬁé)"§ce¢1be? ature To,
and In is natural |o arlthm Bconstant = T To- 1/7)
The- gr eat SZeAES SO 6 Bon 800 sw#@;‘ﬁé’ q%%ea AR

resi stance of an NTC t herm st uni t 2 te ure

t herm st oF%rgmih‘FCEPﬂ‘&oéﬁ'é:d'qnn?“& %ﬁi‘l‘@ rﬁ% Ec%b@n&gal Feur t for a
power source in_ _an.electron arat us. a g G for a
power souf g’@ IRS S X IS5 nZ‘ﬁEaBgSFFB*rJ ﬁg ﬁﬁlﬁ teLS% gaec:;t %ncg"l!5 he NTC

t herm st or o] S stron rush f capaci tor upon
swi t chi ng- (?ﬁll&%n(és r"veTﬁ e;ﬁ{ténq:?herﬂrﬁ%g qféécorl:r’rrft;s‘h?((% have | ower ed
resi stanc ekhthfs Qe AU 3 Rt 0 o daiORRE il iadl eady

state. ermstor I'S use or achni evi ng t he

circuit ar&% fe3; AlQle H‘fatlg' tégu%zkﬁ%ﬂc{]f er and telj_% ere&haqseiaawf%& | ar ge

capaci t ance. a mate rm stors, s beén used spi nel

conposi te ﬁgeéhg; 8 ORI N i dvehtSid ¥ Wi LN o kedul T eTent. ot

an ideal hermstor to prevent rush current is sufficiently |ow

resi stancegqfi i3 {loheldl Stsetals i AP af Wk dA40-2000) . As resi stance
of therm stors decreases, power is conserved during operation of the
circuit in a steady state. In order to decrease the resistance of a

therm stor at high tenperature, B constant at high tenperature is

i ncr eased packiteindongit NTC t herm stors have a B constant val ue of 3250 K
at nost. Another requirenent is that the resistance of the therm stor at

| ow t enper at ur €le wddte TErEgmmiEtorenis ldenived 60Hmntishemalby very hi gh.
Consi der abl e i ncrease of the 3 resistance is observed for conventional -
NTC t her mseEneit ives paEsistor "ataml |[mefermhey anrelémenty Wids€onsequent |y, a
vol tage drop occurs at |ow tenperature to sonetines hanper normal

st arti ng- mesdfstainest varniesgependiag 19n dgierperatypreve®n NG ncrease of the
resistance at |ow tenperature, B constant at |ow tenperature is reduced.
The B congthermistox |igntahawind adh#emiganiiugtive peramic cebement and

t enper at ur e- dependent (see, for exanple, V. G Bhide and D. S, Rajoria,
Phys. Rev.hase ch[agactmtlmgay &thigh rﬁ@ﬁ#%td¢mﬁ$ sWhERvi ousl y
obtained an NTC therm stor satisfying the two above reqw rements, i.e.,
havi ng a BISHERSECIHESTRRFAL e eBs CRBELaNSohs dffdmadky &he a H
constant of 4000 K or nore at high tenperature, by incorporating at |east
one el emerfoldeMiaige @Fuadriamhe WhaRRLE R{F )stisndhf TgsSistivigy ata, sn, Sb,
W M, Te, and Ce into a prinmary conponent formed of |anthanum cobalt oxi de
(Japanese tRIPSFALATS ToaPi(Tn) LbF dt]@e-ﬁefkéRaY}tKIoatﬂ:f?‘BEGGFurRe?n stivity
and B constant of, the obtgined NTC therm stors are in proportion to the
anmount of 3%k 18ddiS NARER [I]‘ltﬂgé" MR ause the additive functions as a
donor within the | anthanum cobalt oxide to_conpensate charge of |rrpur| ties
(acceptors suct® £n§tamt = ik (TonratRedTid t/héldﬂode ’fﬁérefore

ddi t ted t t t
Constant coms (IARARRSE dih G SV PR 4RE sé%s'eirz'aé'erﬁtﬁﬁhe

resistivit nd .B const ant
\)éraiatlon o res:.s%ance of an NTC thermistor per unit




4 | ant hanum cobal t oxide at roomtenperature (25C 140C) are approxi mately
20 ~~cm and approxi mately 4700 K. Conventionally, there have been obtai ned
-no NTC therm stors having a resistivity equal to or higher than the above
val ue. Depending on use of an NTC therm stor, a resistance equal to or

hi gher than the above val ue nmay be re&%red. Al t hough hi gher resistivity
may be obtai ned by increasing the vol of the NTC therm stor, the

i ncrease of the volune is contradictory to demands for smaller el enents.
The nodi f i temperatire thangeme thereof in accordance with the type of
therm stor invites increase of manufacturing costs. In the neantine,

| ant hanum cobal An MT¢ et keEmbsEeends yipeerperated abnte: yforngxanpier ed
density thereof sonetines fails to reach 90% or nore of the theoretical
density. Heectbfigationtoesylitifrerd NPOWRE sSQUESEe atn REPeheGrenic peen
usabl e, since the bal ance between the donors and the acceptors-rahich exi st
in very snpparapismi s Thief et iifiicatdsins Gimsatitte fodr & BWeTh Hsas ibas cs.
Accordingly, an object of the present invention is to provide a

seni conduc? i SMOQERIRG CCapAPLEIT  RAVing i large reapacivangehi e NIGn that of
the conventional conpositions in the roomtenperature region, Another

obj ect of TRRrPiILRHiISUPRESASeH FEIORG cFpsh ceusrentrbboving srteHehebove
conposition. 5 According to the present invention, there is provided a
sem conductaPac EPAMROR TR ingr o9 figPorgkt | herediemcdh®nperat ure
characteristics, wherein the conposjtion conprises |anthanum cobalt oxide
as a pri neEfeEbhiete fomes to have rwrred ceppbieance Bhrewght sehE-oxi de of
an el enment sel ected fromanong Fe and Al and at | east one_oxi de of an

el enent sPRREERDf ¥ Ehhgth ciFculy opgratps p a\grtepdy8tate. nNp, M,
Th, and P. Preferably, the at |east_one_oxide of an el epent selected_from
among Fe afee ATG st’&%‘ﬁ?%ﬁ'?%"d H ‘PP?%‘%QI forAmRigying oRRI%0SHRrs4a8 PEduced

to the elenent _and the at |east one oxide of an el enent_selected fromSi,
Zr, Hf, Ta&%n‘fl%‘b‘flwarﬁé),%%,P’&Feﬂb’;n therechifier sa%‘gnpé?ned ina
total anmount_ of. 0.0C%- 10 m;%% as reduced to the element. Alternatively and
pr ef er abl yCARITTHRT RBEIND kA TIT PRACHARF ®hent se=acted from Fe and Al is

The at least onbSohi BACRFIah kel Rig LR RoFFr FRPrbophaTpEeg TR S,
W Mo, Te,

nmol % as reso%%e ?%O%Sjé: emeng gﬁ%n%?%&égﬁniﬁ%%ﬁ%%#g% anumggg%g%?g%él: ge
may be in the fggm Pé%&ﬂ‘&ﬁ%t(f&-aﬁof.&eélsn'Pc-tﬁ@ istb® €6 %?S\ﬁent
may r, Nd,

af orenenti oned LaxCoo03, e partrally substituted wth any

and Sm Ay @xh deuPfel NBY Qﬁf@f@ﬁhﬁy a &FT AL Ls bRy Do PEeERET Ve 6 _
resi stance-tenperature characteristics, conprising; |anthanum cobalt oxide
as a pri {POHE Y ¢ CeShp OPSr ¥ d - ene rom
anong Si naEZ%{eﬁﬂr TarEtSnt?i%ﬂb, Wpl\/b, ‘%“,3 gle% N%@oql\;h) T%gagggggggﬁgfe
secondary &pnpweaiistd¥llidédresies) powse D8 Fbridve@sdthengi nt ered
density. These conpositions are useful, anong others, for the fabrication
of an NTC éperat sdwroftiod ¢ Sraseel iwra pseyady i sgataish current or
controlling a notor so as to achieve softstarting. BRI EF DESCRI PTI ON OF THE
DRAW NGS FI G 1Ihsordenrto adieyrease avhy vesisoince O Cat brResinisoorohtt he
present invention. ON O EHBODMVENTS Next, enbodi nents of the present
i nvention high tempesstuibe=d Bycowgtarit extanpigls. témpepaturpe 1lidhi s exanple is
directed to an enbodi nent using Laa.g, Coo3, as a | ant hanum cobal t oxi de.
First, powdmeeseased ax CoO¥endricna@d3GI0e rth exmiigitet saichve xae B sxorestant adj ust
the nole ratio of lanthanumto cobalt to 0.94. Subsequently, each of the
additive erelmatet shthth K miTasts. 1 and 2 was wei ghed in a predeterm ned
anount in the formof a conpound such as an oxi de, and was added to the
wei ghed powder hhother.rédguicemnemt 0$ that atbledres isbancehofinthe Tables 1
and 2 represents the anount reduced to the el enent.

thermistor at low temperature (in the range between -10 and

+60°C) must not be very high. Considerable increase of the



P Each of the thus-obtai ned powder was wet-m xed al ong with added pure water
and nylon balls for 16 hours, followed by drying. The resultant m xture was

- cal cined at 1000C for two hours. The cal cined naterial was ground, and

vinyl acetate binder was added thereto in an anmobunt of 3 wt.% followed by
addi tional wet-m xing along with added pure water and nylon balls for 16
hours. Thereafter, the m xture was squected to drying, granulation,

press-formng into a.di sk shape nd was_cal ci ned 50C f wo hours in
B ot HERds Aoy ZheEHRh FoE pmvasanal g, shermigiare™s, ori o
paste was screen-printed qQnto both surfaces of the seniconductife ceramc,
and the s@FPESIAIEY A& Gerdot CemRenaige ReldCCror COMBERBERELY n &ir to
formexternal electrodes 2 and 3,  to thereby obtgin an NIC thernm stor 4
(FIG 1), OItaaRanPP GRS i Ao SRR R AIRAEE S HARRRY e

coated with a resin layer 5 ;ﬁ{ Protection of the sem ondu&tiv ceramc.

Al so, theMeTAl SEaFhinddP ISRETHRAMS (ARPHAN YRy anBt REFCE: Flct ur e,

such as an NTC therm.,tor havi l.ayer ed el ectrodes, contained therein. The

Chus- obt aFHEYSHC AT ATINEEARE Wil YHELGRSHP F410% RF U (TIPEAANSRS o] st i s
f istivit tant. .The r, | t h i n Tabl 1 d 2.

P Tobl o6 cpnmhans b o oo Kt agartite (8 FedadEd. " "DEn, Loent ther i ot or o

tside th th i t. t th . th

b e sconle B el st tihon SEeha 1, G v TRAGEN 10°°

25C. 8 A di t ti 1 B tapts, i.e.. H(;1 d 140C

obai ned G 31 SPSRATH AT bR (SaR . S exdTilg . Hot. THSse ] )
1/ (-10+273. -. 1/ (25+273. B(.1400)_ - 4 - /

1) (1405 Ppe D ST REREE BiYs ARV Cng, AP ER, adTEi ey,

fl tuati i.St i {45

Lemperature docise Rrddale AV QU OReviod oty COROME O JEEC. | e

t t 1. : - i |t t
| ow t enper AL, At s AP GHfe T A6 A B e S B Uy

decr eases yirasld GAld e ddhdtn LR Pk LGPPREA Hear QUSE Wi d Yatdrdieavy

current is suppressed imedi ately after start-up a circuit equipped with

the NTC t hgidMStlootthrith L de K idk %ﬁ&f@ya@tﬁfn OP&iFe + Hurd Nepyponer
consunption of the circuit is suppressed to a lowTevel.” An NTC t herm stor
havi ng suGhdREEMPldtC Sl ddstPAd @il dhdnt Uselebtdd Brbm! enendrdep
suppression of rush current in a circuit, such as that present during a
power sw tegtsistihPRes & OrEr OTHBS Fa) | &€, CSHPONENio f ir@dnahte hittdieavy
current flows. Table 1 1) Sanple No. 2 ) Added. elenment 3) Resistivity 9
4) B constanprimapemmgorentAnisiiied abf €l anthafiampdsbdbt G}idelded el enent
3) Resistivity 4) H constant 5) Species 6) Anobunt As shown in Tables 1 and
2, in the (EpamEsk ®dtentc dppi canigro did i d+Gpemwn{ oka )y Na@o, P-4 06&k. t he
primary component and, as the secondary conponents, at |east one oxi de of
an el enentRessiativity rand tthecapshgnt orki she noptod ited afEC Athermistorsast one
oxi de of an elenent selected fromthe group consisting of Si, Zr, Hf, Ta,
Sn, Sb, Wwang, imerapartden threrthe ammnt nefl thesadditive(s). This is

resi stance-tenperature characteristics with a wide range of resistivity p
at room t dgrawRQrtdie Bddicive fungtiens oas afdenepriitivin gkhe 10C and 140C

are restricted within a certain range. ) .
lanthanum cobalt oxide to compensate charge of impurities

(acceptors such as Ni, Ca, etc.) contained in the oxide.
Therefore, if additives are incorporated in excessive
amounts, the resistivity and B constant come to decrease at
room temperature.

The peak values of the resistivity and B constant of



Specifically, if the content of the at |east one oxide of an el enent

sel ected fromthe group consisting of Fe and AL is 0.001 nol% or nore as
~reduced to the elenent, significant effects of the added el enent are
obt ai ned, 10 resulting in an increased resistivity at room tenperature.
Also, if the content is 30 nol % or Ieis, resistivity at roomtenperature
falls bel ow 100 ~~cm and B constant s nmai ntai ned high at high tenperature,
preferably resulting in a sufficient reduction of resistance at high

t enper at urgandINAG Addbalt fokite (9t FosiPiaifedtire pbsteasiooeneae de of
an el enment selected fromthe group consisting of Fe and Al is 0.001-30 nol %

as reducedydrd i EIENt0 aWdorh Nend CigbreRmepe1pf 4tbe &L | east one oxide
of an element selected fromthe group consisting of Si, Zr, H, Ta, Sn, Sb,
W M, Te,corierdteidrallyP0Hér¢ 2o beer usistth ied hto eNeoethernbstérsan be
obt ai ned excellent results: B(-10C) of 1820-2850 K, B(140C) of 4l120-4730 K,
and p(250)nhHfind-#-198 detieity Rguiderto idr thigiet athgganteet abbveheadiel east
one oxide of an elenent selected fromthe group consisting of Fe and Al is
0.01-10 nol %aSDéféiME ton tige b ENBMNPO Ot hdEmi Ot 6k, cankestiseantae at

| east one oxide of an elenent selected fromthe group consisting of Si, Zr,
Hf, Ta, Snequdl tW Jd.hikfherinchdie tite Gabove NEdPa@smagdbeeteqaitdéd. el enent,
B(-10C) is 1970-2810 K, B(140C) is 4310-4730 K, and p(25C) is 18.9-50.3
~~cm Thulthwmigh ilsighEmiresl st Seity ol die ebteinead cbgoimeseasingi n whi ch
t he change of B constant is further suppressed, although the fluctuation
range of rigse stoMiney gf itheaNTOWhermi stor { hehes aimceééset of ashebvalumd i n
this Exanpl e may 11 be obtained by use of a conposition represented by
La=CoO, asis damtisdictambdid demateds Jmci smableéy, ebdémentbhe [ BheCoO, wherein
0.60 s x s 0.99 is used, H constant at high tenperature increases to 3000 K
or nore, tmodificationfdf dilentvolumelucherest simnaecardancel €ithethe
tenperature. Mreover, the sane effects may al so be obtai ned by use of Nb,
Mh, Th, ortype of cchemiisgior Znvites Tincreassinf wanbfagturbng Geostdl oyed
in the above Exanple. Lao,, SPro.09Co0, may be use as a | ant hanum cobal t

oxi de. First, pbwihe mgantine, Rkagyhanumdcehalh oxidenbpghestasedyxed so
as to adjust the nmole ratjos of La:Co and Pr:Co to 0.85 and 0.09,

respect i veRSRT Siaranklity e ciintrredidensity| thereetspomptifesabl e 3
was wei ghed in a predeterm ned anmount in the forn a conpound, such as an

oxi de, andfddls iR FSRAIHE 9% TR ki YrRIEPRIERELGRXt dBBS1%¥e anount of

t he added el eman% shown in Table 3 represents the anount reduced to the
el onent . ERTETALA%R GURROMATAISESTbRE A0S ST 158101 AT SURFE added

ure water, and nyl.an balls far, 1 ours, foll owed rving. The yresultant
P ur o e AR o s i PR HEtwedt oBY bRt sheras
treated in the sanme manlr;er as in Exanple 1, to.thereby obtaipn an NT

{ her i st orfCqSPYIRP SaTRNFERASFISE R ERENpFBALL AEONSESUTTIALESHRP Ehe
constant were deheran g afad i 'ier QN &HNS0; AIC ther ni stor

Accordingly, an object of the present invention is to
provide a semiconductive ceramic composition having a
resistivity higher than that of the conventional
compositions in the room temperature region.

Another object of the present invention is to enhance

sinterability of the above composition.



12 The results are shown in Table 3. Table 3 1) Sanple No. 2) Added el enent
3) Resistivity 4) B constant 5) Species 6) Anobunt As is apparent from Tabl e
"3, in the sem conductive ceram c conpositions containing Lao, eSPro. 09Co0,
as a |l anthanum cobalt oxide, as in the case of Lao, 9, Co0, shown in Exanple
1, there are obtained negative resistance-tenperature characteristics with
a broad range of resistivity p at roobmtenperature, while the fluctuations
of B constant at -10C and 140C are restricted. ~;xaml~e 3 Laa. BSNdo_09Co0,
may be used aqcaoradingatomttebPdeswdtdenvdntsion patiere b8 peadidédlZ03, and
Co, O were weighed and m xed so as to adjust the nole ratios of La:Co and
Nd: Co t 0a0s@&hizntdicliver espaalicy eomposilticnuenriting arsdatoivd he el ements
shown in Table 4 was weighed in a predeterm ned anount 1n the formof a

conpound regGRtagcantenpdeataté wharatteriietdiced WwHerdire wyeé ghed powder
m xture. The anmount of the added el enent shown in Table 4 represents the

anount a&omFbaitgéucedm gikke qagianunEaobadit idiEideuss abipt eg-ppowder was
wet - m xed along with added pure water and nylon balls for 16 hours,

fol | owedcbipdnenty. ahlls &8s dlecandatyx conpoRnted) ekt 100 Gt de t WO

hours. The calcined nmaterial was tréated in the same manner as in Exanple

1, to therehy ehbaehtaBelNbetlclefHown Among) FehAnp el A edt aBedd BX@apl e 1,
resistivity p and B constant were determned of the thus-obtained NTC

t herm st @ficidéhe fr apulelement slkQwetied Tt ahontpldie, £4) ©a/ ke, Nn, 2)
Added el enent 3) Resistivity 4) B constant 5) Species 6) Amount As is
appar ent sbr,om, Tabl,eTé, ice,t Ind,seém,canjuaind/®.ceram c conpositions

cont ai ni ng Lao. BSNdo. 09Co0, as a | ant hanum cobalt oxide, as in the case of
Lao. 9, Co0, shewefierablgnplthel at NeFastroneoaided Negat éYement

resi stance-tenperature characteristics wwth a broad range of resistivity p
at room teleertatdufeomwamong e fandc Alatiisorcomfa iheabniat aanttatal lddowmed 140C
are restricted. Exanple 4 14 Lao. 85Snp. 09Co0, nay be used as a | ant hanum
cobalt o»ifd®..0Bil~S0, mpdWwdeaiss relducadDtdSiiE edreohetn; @Gndwetize wet gheaistand

m xed so as to adjust the nole ratios of La:Co and SmCo to 0.85 and 0. 09,
respect i waley oxsSdigs ofuemt eyl ementh sefl adtede | fareantssi s Hoon B, TBd) eS1B, Wals,

wei ghed in a predeterm ned anount in the dormof a conpound such as an

oxi de, aMfd ¥as CeeofFgor FbedMmt Fht.-h@nseiRyHed qeuvkisined ximyra. tal anount of
t he added el enent shown in Table 5 represents the anmount as reduced to the
el ement . apgEAtoP Lt Re 00Rad Oopodithas padiaedvds Wdie niededefitong wit h added
pure water and nylon balls for 16 hours, followed by drying. The resultant
nixture was cA&SFEREVelGFOT REIRF I <. LAkl e2FRdoR@t @Fide was
treated inp the sane manner as jn Exanple 1, to thereby obtaip an NTC
Lher m st 8. & SRBeRiEoaRtEd A5 RS AR &l 1§ RIAT2EREY 1P hd B

L e S D R e
Shri condibE 9y LeRRE oBR, Mhid Bk an. Bhement F e ek A b & n

Lnor oonr Bego el | SR SB BG MR RE S8R0 R R e BT AP
D oonst anpRedlinbBRLR 8"¢5cA1anlE WHTRE S i1 g Srodifodd b el One O

used, as Il%&tgggpum cobalt oxides, Lao.9, Co0" Lao, esPro. 09Co0

Lao, esNdS and Lao, BSSno. 09Coo" respectively; however, the present

invention is g_‘glte %if@k%n%gggdﬂla% o l{'%*?%@emégbﬁéi EQt ed is not

limted to O. he sane S are obtainable in e casSe of a | ant hanum

cobal t o&h@efbgmm/gkcga@oés (F?f‘réd gj Ixyssab%i)t uted with Eu, Y, or a like
el enent . x=m : : :
La of the aforementioned La,CoO, may be partially

substituted with any of Pr, Nd, and Sm.

An oxide of B may be added in a ceramic having negative



As the above description clearly indicates, through incorporation o~ a

| ant hanum cobalt oxide as the prinmary conponent, and as the secondary

" conponents, at |east one oxide of an el enent selected fromthe group
consisting of Fe and Al and at | east one oxide of an element selected from
the group consisting of Si, Zr, H, T& Sn, Sb, W M, Te, Ce, No, M, Th,
and P, there is obtained a sem conductive ceram c conposition which has
negati ve resistancetenperature characteristics with an arbitrary

r oot enpeEFBHHPECReSPERGNAIY of POt G 8K E ARt 1PYBSE2Iem to 100 S2~cm whi l e

B const andrsiniRi B6BATEdxaliedas 0N YraRhrl e¥&iporfeaRsequent |y, use of the
sem conduct.ive ceramc 16 conposition enables the manufacture of a

seni condRictiSPELCOPANPE W SfeAl FRRISRG ABYRtESA frewi dreart Sivenper at ur e
charact ezd stiigs GNJCdrerss star eloemerd,) wdi chivi s vapplficabhe 0 & Chrcuit
suffering a strong rush current or a circuit requiring intensive current
suppr essTYIPTREYt CPBPORSNE -t hus- obt ai ned semi conductive ceranic el ement can
be widely used as an elenment for retarding of starting of a notor,
protection of the drumof a |l aser printer, protection of bulbs such as

hal ogen A%< Cafl @ iFT5t PONP oF"HARERS i et t6CEHr #$77 5% an apparat us or
maclhi ne Tﬁbsmicahp?f]imarauw@ful [f laovBg adtHdie, i Bbii @he St age ﬁf vol t age
applicatiqn .as, we S r current occurring in ower switc¢hi ng-on
operati o ?nﬁﬁﬁtéPgoogéﬂl%@gugﬁﬁF?ﬁ§99rt3ﬁb§?d&hf@ggoﬁﬁéﬂ§§P€&t&P9staI

osci | | atworsiorukpent espercatub el oNpRen®abrofo ddowevetehidéhe quresent i nvention
i's not Iééﬁrkg% only to these appli”ations. Exam~~ Through i ncorporation of
B, the S|ﬁiere8'density of the sem conductive ceram c conposition may be

i ncreased. Lao.9,Co0, was used as a | ant hanum cobalt oxi de through

utilizatyg I i e r C First, powders of La20, and Co, O
wer e weili EE RIEHOIC O &L i@?ﬁ the nole ratio of Lato Co to 0.94.
Subsequently, each of the elenents shown in Table 6 was weighed in a

pr edet er m ne nt _i form qf, ¢ d h xi de, and was
incorporatedd?ﬁggqtgg aeé%ﬁg'QI§Egu%oﬁ§§$B§?§t%$g§1%ﬁg gﬁ%é#ﬁééW:the added
el ement afhdve pnedemt eirgengpersent s t he anount as reduced to the el enent.
Each of the thus-obtai ned powder was wet-m xed al ong with added pure water
and nyl f or, n f oldzove Gy e hepul | S rERRg
cal ci ne or tWo 3 Hed eriral was ground, and a

Vi nyl aQﬁ&ﬁ@ﬁ%ﬁﬁﬂﬂSr was added thereto in an anmount of 3 wt.% followed by
addi tionall wet-m xi ng along with added pure water and nylon balls for 16
hours. Thereajbek, bRSodinehid We %H@J gfé@é’nﬁoiﬁédhﬂﬂengﬁﬂnmﬁél on, _
press-formng into a di sk shape, and was cal cined at 1350C for two hours in
air, to §éseehyeabbpi Wag SEMeS@NRICLS Ve ceram c. Subsequently, platinum
paste was screen-printed onto both surfaces of the sem conductive ceramc
and the ggampoadyctive ceram c was baked at 1000C for two hours in air to
formexternal electrodes, to thereby obtain an NTC therm stor. The

t hus- obt ai nedTNIE ehkamplet ds whisreEasdr €6 anr embeddhentr usiolaracteri stics
of resistivity p and B constant. The results are shown in Table 6. In Table
6, the Saaplgcolgsasnarkaothanam ‘Fobabr eseidet herm stors outsi de the scope
of the present invention, and the others represent those within the scope
of the presenfirstenposdertaldf BaoGaande Chgd, Neradwsgigiash@nd 18 3)
Resistivity p 4) B constant 5) Sintered density 6) Species 7) Ampunt As
shown i nmizetesd, asntohadjusic driveichole retini ofcbaptbanhmntocenbalfi ng
Zaao, 9, Co0, as the primary conmponent, and at |east one oxide of an el enent
sel ect edtdr BrPthe Spbspqeentilyti mpct of tike additiree shemepts\ghamn Te,
and Ce and an oxide of B, negative resistance-tenperature characteristics
provi de &nhTghlesnliersd- dewas wehghedalin ahprederermineduamryns an
resistivity at roomtenperature and B constant at 140C are restricted. If
the contthe §prm pf . gompomsid,suchprs as pxddeedand Massiagded &ont
effects of the added el enment are obtained, resulting in an increased

si nt er edtienweighed powder mhectaneentThe amauny, of thesadded; elgmest|s
sufficiently reduced at high tenperature, while B constant is naintained

hi gh at #hgwWnt anpdabilesel 9pwti2i repirgsentst thet amoundomesceasf tonhdha

| east one oxide of an elenment selected fromthe group consisting of Si, Zr,
Hf, Ta, ehemght.wW M, Te, and Ce is 0.001-10 nol % as reduced to the

el ement, and the content of an oxide of B is 0.0001-5.nol% sintered
density is advantageously increased to 6.9 or nore, while the fluctuation
of resistivity p (25




19 C) is restricted to 9.2-12.6 and that of H constant (140C) is restricted
to 4520-4740. Also, the sane effects as in this Exanple nay be obtained by
- use of a conposition represented by LaxCoo, as a | ant hanum cobalt oxi de.
Specifically, when the LaxCoO, wherein 0.60 s x s 0.99 is used, H constant
increases to 3000 K or nore at a high_tenperature, to thereby sufficiently
reduce resistance at an elevated tenperature. Further, the sane effects can
be obtained in the case of a | anthanum cobalt oxide in which La is

artially substj e 1 u r | el nt,. eover,
P y ELéh Qg“tﬁg ghFﬁh?RF§EE§§nBP¥de9 was Wek gl %l&&?’

the same effects as obtalne e may be obtained by usé€ of

i, Te, ot oot EES SR FRRTY T B ErerLis B TR

cm *1- 12 B8 $80 0.0 ToALTARE THHETY S 2% SAbE ST 150! 8085 S 10472

D R e

| 2+ OFe5e. A2FTRE 1219955 38:22959. 1856552017138 8788 FeSto 81’59334%0%- 14Mb
526, 2563045001 AaH B ATE k3R8h Yot HaRERH a1 BT beEh Asea ptER 2 45000

(2) (2) B35 pL1) (B 5 (5T ES5 oI B tige ereasedd, [ ntuvare
(140" O) (~' @& (SR8 éﬂ@&-E6(5%§E%§eog§33uiZEioni_Eress—ﬁg;ming into a

_2g, 626304720A10. 51- 24Si 1~- 27°325704550- 5Mb0O b

7 027304500-1 B8 o BRFTBIoghe chos 4t $S30%CCAE Y3 hosrR 0 R o,

TABLE 3 (26 24héréby obBalf) h33emicBhahersyb( deramic) 32 Subsequently,

platinum paste was screen-printed onto both surfaces of the

semiconductive ceramic, and the semiconductive ceramic was
baked at 1000°C for two hours in air to form external
electrodes 2 and 3, to thereby obtain an NTC thermistor 4
(FIG. 1). Optionally, the surfaces of the sémiconductive
ceramic may be coated with a resin layer 5 for gprotection of
the semiconductive ceramic. Also, there may be obtained an
NTC thermistor having another structure, such as an NTC
thermistor having layered electrodes contained therein.

The thus-obtained NTC thermistor was measured for the
electric characteristics of resistivity p and B constant.
The results are shown in Tables 1 and 2. In Tables 1 and 2,
the Sample Nos. marked with "*" represent thermistors
outside the scope of the present invention, and the others

represent those within the scope of the present invention.

resistivity p was measured at 25°C.
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1FeZ " 27.0 2690 4440Alb 2 3 Mreb "~ 00.5 48.?226304460b 2- 4 WO0.5~~e

. -b " 765.0 2790 4460A 10Zr0.6Fel5 " O br ~-- ° b?2.32?4045| OW0- 05Fe~ 02_s’
i~ 565.725$04b60 23 TABLE 4 (2)(2)(3)pB(4)(1)(5)(6)

~(6)25' CH(- 10' O) H(140' C) (5) mol %ol % f I om (K) (K)Fe "--0.5

According to Equation (1), B constants, i.e., B(-10°C)

and B(140°C), obtained herein are defined as follows:

B(-10°C) = [1lnp(-10°C) - 1lnp(25°C)] / [1/(-10+273.15)
- 1/(25+273.15)]
B(140°C) = [1np(140°C) - 1lnp(25°C)] / [1/(140+4273.15)

- 1/(25+273.15)]

As B constant (-10°C) decreases, the fluctuation range
of resistance induced by the change of outside temperature
decreases, and the rise of resistance is suppressed at lower
temperatures. Therefore, the above-mentionéd problem of
lowered voltage at low temperature 1is overcome.

As B constant (140°C) increases, resistivity decreases
drastically with increase of temperature. Consequently, a
heavy current is suppressed immediately after start-up of a
circuit equipped with the NTC thermistor, and thereafter, in
steady state operation, the power consumption of the circuit
is suppressed to a low level. An NTC thermistor having such
characteristics is particularly useful as an element for
suppression of rush current in a circuit, such as that
present during a power switching-on operation, or as a like

component through which a heavy current flows.

Table 1
1) Sample No.
2) Added. element

3) Resistivity
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seni conduct) VEaRkale- conposition having negative resistance-tenperature
characteristics, which conposition conprises | anthanum cobalt oxide as a
primry copdidfd edRment secondary conponents, at |east one oxide of an
el ement sel ected fromanong Fe and Al and at | east one oxide of an el enent
sel ected fYoReHgt Sty zr Hf, Ta, Sn, Sb, W M, Te, Ce, No, M, Th and
P, and further conprising an oxide of B. 2. A sem conductive ceramc
conpositi(ﬂQ é%d%ﬂégﬁﬁfﬁ() Claim1, wherein said at | east one oxide of an

el enent sg#ec ed fromSi, zZr, H, Ta, Sn, Sb, W M, Te, Ce, Nb, M, Th and
Pis cont@hetPSHe® total amount of 0.001-10 nol % as reduced to the

el enent d the oxide of Bis contained in an anmount of 0.0001-5 nol % as
reduced t @ el B. 3. A seniconductive ceranic conposition acccording to
Caiml or 2, wherein said | anthanum cobalt oxide is in the form of LaXCo03
(0.60 < x s 0.99) . 4. A seniconductive ceram c elenent including a

semi conduct i ve gerag e, hayi pgynggal i ¥gqr §51 $hapret SERSLALULE: ive

characteristics aﬁ%ﬂg | 'east one pair of électroges connecteé to the

serm conducldu fE'Hiiyios WIRLAL eiEa ERLAYT £a COFBD, 585 LA BARAYGObal ¢

oxi de as a prinary conponent, and, as s Aty conponents; at 27 | east

one oxi de Qimidh&r e hiY, & e@ﬁé’dséé%@f%?@orgﬁoﬁ%ﬂtéﬁl_aﬁﬂd%éks%eé% one

oxi de of an elenent selected from anong Sn, Sb, Mo, Te,

Ce, No, Mpxilde &Y dh Wndnk (SEleCOER’ EEONILRE §¥bHE €bnBiseind of Fe

sem conductive ceram c el enment according to Claim4, wherein saird at | east

one oxi de ##{d 1 dRIEY BedLetEne 6 RIS of Zin Elemddt SBleSBedVErbh, Te,
Ce, Nb, Mh, Th and P is contained in a total ambunt of 0.001-10 nold as

reduced t aHdeydiefdns istiddeopxsilp of, Bif s Tapt shpedbi nwanmapopat, of
0.0001-5 nol d as reduced to el ement B.
and Ce, there is obtained negative resistance-temperature
characteristics with a wide range of resistivity p at room
temperature, while the fluctuations of B constant at -10°C
and 140°C are restricted within a certain range.
Specifically, if the content of the at least one oxide
of an element selected from the group consisting of Fe and

Al is 0.001 mol% or more as reduced to the element,

significant effects of the added element are obtained,



6. A sem conductive ceram c el enent acccording to Caim4 or 5, wherein
sai d | ant hanum cobalt oxide is in the formof LaxCo03 ( 0. 60 s x s 0. 99

) . 7. A sem conductive ceram c el enent according to any one of Cains 4

through 6, which is for the prevention of rush current, for the retarding
of starting of a motor, or for use wth a tenperature- corrpensat ed crystal
oscillator or for terrperature conpensati on.
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u& ()- Jyaﬁﬂe@mmu@qq Ce 190y, ?)mol/ame%a psegd: t00ihe elements ug! () -

10% u& ()-yvibC s10%& ()-F 109%& ()-109% ()- 10-u 10-u 10-u
£910% u& (B (-SH0'G% d& 1P7Dw2810 K, B(140°C) is 4310-4730 K, and p(25°C)

is 18.9-50.3 Q-cm. Thus, there is obtained a semiconductive
ceramic composition in which the change of B constant is
further suppressed, although the fluctuation range of
resistivity p is narrowed.

Also, the same effects as obtained in this Example may
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Specifically, when the La,Co0O, wherein 0.60 < x s 0.9
is used, B constant at high temperature increases to 3000 K
or more, to thereby sufficiently reduce resistance at an
elevated temperature.

Moreover, the same effects may also be obtained by use
of Nb, Mn, Th, or P instead of Si, 2r, Hf, Ta, Sn, Sb, W, Mo,
Te, or Ce employed in the above Example.

Example 2

La, ssPr, sC00, may be use as a lanthanum cobalt oxide.

First, powders of La,0,, Pr,0,,, and Co,0, were weighed
and mixed so as to adjust the mole ratios of La:Co and Pr:Co
to 0.85 and 0.09, respectively. Subsequently, each of the
additive elements shown in Table 3 was weighed in a
predetermined amount in the form a compound such as an oxide,
and was incorporated into the weighed powder mixture. The
amount of the added element shown in Table 3 represents the
amount reduced to the element.

Each of the thus-obtained powder was wet-mixed along
with added pure water and nylon balls for 16 hours, followed
by drying. The resultant mixture was calcined at 1000°C for
two hours. The calcined material was treated in the same

manner as in Example 1, to thereby obtain an NTC thermistor.

In the same manner as in Example 1, resistivity p and B

constant were determined of the thus-obtained NTC thermistor.



11s10% . ()- 105 105 1059y/"109%%& ()-!!& Z"10% ()-!& Z"10% ()- &

Z"10%& ()-"1"b&&& D dEg\ = !!Y3100& ()-Y 1! 10%& ()-1 @ 10%& ()-F

~9-10%&' ()-FY 3"10%&' ()-!3 S#10%&' ()-D '''''''(bC 1Y yu#l0%&' ()- s10%&' ()-
10 10 101 9Z109%& ()-16 109%& ()-Y5 109 ()- (P((((()dEbC 1Y

SMLOY&' ()-L109%& ()-Y | 109& ()-f109& ()Y S109& ()- 109& ()-)),*

1,\,dEDC 11Y 710%&'()4 5 100& ()- Y&3T0%& () - Y! 10%& () - YF

MLO%&: () -1 3! 109%& () -\ ,mn,p,~,, bC ! FLO%& ()-3

10520 N bl b i e (L some 1

310%& ()-$/[///00000xnb@!!! 10%p& ()- 10< 10< 10< " 910%& ()-| 7TL0%& () -
y5! 10%&' ()- 310%& ()-0)1°1112~2dEnb@' ! ! F@d 10%&' () - FL10%&' () - FY
109%: ()- Ff o 10%&;5() - sy10% () - 3u&10% & () - ~2333p333\ 5dEnb@

1) Sample No.

2) Added element
3) Resistivity
4) B constant

5) Species

6) Amount

As is apparent from Table 3, in the semiconductive
ceramic compositions containing La, ,Pr, .,,Co0, as a lanthanum
cobalt oxide, as in the case of La,,C00, shown in Example 1,
there are obtained negative resistance-temperature
characteristics with a broad range of resistivity p at room
temperature, while the fluctuations of B constant at -10°C
and 140°C are restricted.

Example 3

La, ¢sNd, ,,C0O, may be used as a lanthanum cobalt oxide.

First, powders of La,0;, Nd,0,, and Co,0, were weighed
and mixed so as to adjust the mole ratios of La:Co and Nd:Co
to 0.85 and 0.09, respectively. Subsequently, each of the
elements shown in Table 4 was weighed in a predetermined
amount in the form of a compound such as an oxide, and was
incorporated into the weighed powder mixture. The amount of

the added element shown in Table 4 represents the amount as
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by drying. The resultant mlxture was calcined at 1000°C for
two hours. The calcined material was treated in the same
manner as in Example 1, to thereby obtain an NTC thermistor.
In the same manner as in Example 1, resistivity p and B
constant were determined of the thus-obtained NTC thermistor.

The results are shown in Table 4.

Table 4

1) Sample No.

2) Added element
3) Resistivity
4) B constant

5) Species

6) Amount

As is apparent from Table 4, in the semiconductive
ceramic compositions containing La, ,Nd, ,,Co0, as a lanthanum
cobalt oxide, as in the case of La,,Co0, shown in Example 1,
there are obtained negative resistance-temperature
characteristics with a broad range of resistivity p at room
temperature, while the fluctuations of B constant at -10°C

and 140°C are restricted.

Example 4
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10| XXYY[ [[[ [ xnbELESt 10p¢8deYs 4O(LAL;, 1603, 1@HAL'CO\0, were weighed
and mixed so as to adjust the mole ratios of La:Co and Sm:Co
to 0.85 and 0.09, respectively. Subsequently, each of the
elements shown in Table 5 was weighed in a predetermined
amount in the form of a compound such as an oxide, and was
incorporated into the weighed powder mixture. The amount of
the added element shown in Table 5 represents the amount as
reduced to the element.

Each of the thus-obtained powder was wet-mixed along
with added pure water and nylon balls for 16 hours, followed
by drying. The resultant mixture was calcined at 1000°C for
two hours. The calcined material was treated in the same
manner as in Example 1, to thereby obtain an NTC thermistor.

In the same manner as in Example 1, resistivity p and B

constant were determined of the thus-obtained NTC thermistor.

The results are shown in Table 5.

Table 5

1) Sample No.

2) Added element
3) Resistivity
4) B constant

5) Species

6) Amount
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ceramic compositions containing La, ,Sm, ,,C00, as a lanthanum
cobalt oxide, as in the case of La,,Co00; shown in Example 1,
there are obtained negative resistance-temperature

characteristics with a broad range of resistance p at room
temperature, while the fluctuations of B constant at -10°C
and 140°C are restricted.

In the above Examples 1-4 are used, as lanthanum
cobalt oxides, La, 4C00,, La, ¢sPr, ,00,, La, ¢Nd, ,,C00,, and
La, ¢sSM, ,,CO0,, respectively; however, the present invention
is not limited thereto. The amount of La to be substituted
is not limited to 0.09. The same effects are obtainable in
the case of a lanthanum cobalt oxide in which La is
partially substituted with Eu, ¥, or a like element.

As the above description clearly indicates, through
incorporation of a lanthanum cobalt oxide as the primary
component, and as the secondary components, at least one
oxide of an element selected from the group consisting of Fe
and Al and at least one oxide of an element selected from
the group consisting of Si, 2r, Hf, Ta, Sn, Sb, W, Mo, Te,
Ce, Nb, Mn, Th, and P, there is obtained a semiconductive
ceramic composition which has negative resistance-
temperature characteristics with an arbitrary room-
temperature resistivity from apoproximately 10 Q-cm to 100
Q-cm while B constant is maintained at a constant level.

Consequently, use of the semiconductive ceramic
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ceramic element having negative resistance-temperature
characteristics (NTC thermistor element) which is applicable
to a circuit suffering a strong rush current or a circuit
requiring intensive current suppression.

That is, the thus-obtained semiconductive ceramic
element can be widely used as an element for retarding of
starting of a motor, protection of the drum of a laser
printer, protection of bulbs such as halogen lamps, and
elimination of rush current occurring in an apparatus or
machine in which an excess current flows at the initial
stage of voltage application as well as rush current
occurring in a power switching-on operation, and also can be
used as a temperature-compensated crystal oscillator or for
temperature compensation. However, the present invention is
not limited only to these appli~ations.

Example 5

Through incorporation of B, the sintered density of
the semiconductive ceramic composition may be increased.

La, ,,C00, was used as a lanthanum cobalt oxide through
utilization of sintering performance.

First, powders of La,0, and Co,0, were weighed and mixed
so as to adjust the mole ratio of La to Co to 0.94.
Subsequently, each of the elements shown in Table 6 was
weighed in a predetermined amount in the form of a compound

such as an oxide, and was incorporated into the weighed
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Table 6 represents the amount as reduced to the element.

Each of the thus-obtained powder was wet-mixed along
with added pure water and nylon balls for 16 hours, followed
by drying. The resultant mixture was calcined at 1000°C for
two hours. The calcined material was ground, and a vinyl
acetate binder was added thereto in an amount of 3 wt.%,
followed by additional wet-mixing along with added pure
water and nylon balls for 16 hours. Thereafter, the mixture
was subjected to drying, granulation, press-forming into a
disk shape, and was calcined at 1350°C for two hours in air,
to thereby obtain a semiconductive ceramic. Subsequently,
platinum paste was screen-printed onto both surfaces of the
semiconductive ceramic, and the semiconductive ceramic was
baked at 1000°C for two hours in air to form external
electrodes, to thereby obtain an NTC thermistor.

The thus-obtained NTC thermistor was measured for the
electric characteristics of resistivity p and B constant.
The results are shown in Table 6. In Table 6, the Sample
Nos. marked with "*" represent thermistors outside the scope
of the present invention, and the others represent those

within the scope of the present invention.

Table 6
1) Sample No.

2) Added element
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4)

B constant
5) Sintered density
6) Species

7) Amount

As shown in Table 6, in the semiconductive ceramic
compositions containing La, ,,Co0, as the primary component,
and at least one oxide of an element selected from the group
consisting of Si, 2r, Hf, Ta, Sn, Sb, W, Mo, Te, and Ce and
an oxide of B, negative resistance-temperature
characteristics provide a high sintered-density material,
while the fluctuations of resistivity at room temperature
and B constant at 140°C are restricted.

If the content of B is 0.0001 mol% or more as reduced
to B, significant effects of the added element are obtained,
resulting in an increased sintered density. Also, if the
content is 5 mol% or less, resistance is sufficiently
reduced at high temperature, while B constant is maintained
high at high temperature.

Specifically, if the total content of the at least one
oxide of an element selected from the group consisting of Si,
2r, BHf, Ta, Sn, Sb, W, Mo, Te, and Ce is 0.001-10 mol% as
reduced to the element, and the content of an oxide of B is

0.0001-5 mol%, sintered density is advantageously increased

to 6.9 or more, while the fluctuation of resistivity p (25°

-
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is restricted to 4520-4740.

Also, the same effects as in this Example may be
obtained by use of a composition represented by La, o0, as a
lanthanum cobalt oxide. Specifically, when the La,CoOQ,
wherein 0.60 = x = 0.99 is used, B constant increases to
3000 K or more at a high temperature, to thereby
sufficiently reduce resistance at an elevated temperature.

Further, the same effects can be obtained in the case
of a lanthanum cobalt oxide in which La is partially
substituted with Pr, Nd, Sm, Eu, Y, or a like element.

Moreover, the same effects as obtained in this Example
may be obtained by use of oxides of Nb, Mn, Th, or P instead

of oxides of si, 2r, Hf, Ta, Sn, Sb, W, Mo, Te, or Ce.



' 109R& (
' 109R& (
' 109R& ()

)_
)_

"109%%& () - &#a(a) a. alada7al M +;

'109R& ()-& ' 109R& ()-& ' 10%R& ()- & aJdRalaRaZa[a a a D
' 109R& ( 9VCLOY& () - 9VCLOY& () - 9VCLO%& () -

10? adaeaf akal amak/

D

-&

& '109R& ()-& ' 109%R& ()-& ' 109%& ()-& cn% ' 109%9& ()-& " aaaaH. +;
& cn% ' 109R& ()-& ' 109%R& ()-& ' 109%9& ()-& ' 109%9& () - &aaaaaattaeF+;
"109R& ()-& ' 109R& ()-& ' 109R& ()-& ' 10%R& ()-& ' 10%R& ()- &

'109R& ()- & ' 109R& ()- & ' 109R& ()

' 10%& ()- & cn% ' 109%R& () - &7a9a>aBaGaHal aH +; ' 109%@& ()-& cn% ' 109%R& ()- &

@oY%& ()-( 109 ()- 10? 107

c} PA9VCLO0%&' () - VOVCLO0%&' ()-9VCLO0%&' () - 9VC1L0%&' () - 9VC1L0%&' () - manaoapagar at au

at T8D;

cOVCL0%&' () - 9VCTRBLE - AVCL09%&' () - 9VCLO%&' () - 9VCLO0%& () - 9VCL0%&' () - 9VC10%&
() - uavawaxayaza{ apT88D; cOVCIO%&' () - 9VCLO%&' () - 9VCLO%&' () - 9VCLO%&' () -;

c} PAOVCL0%& (

al a~aaaaahlL8D;

c9VC10%&9VC10f . ,ﬁff(j + &9vcg20&' 0 - 9\/@%& () - OVGLO%&: () - OWCLO%& ()
- aaaaaaadD$OVIC10%&:' ().~ AVCTO%UR! )-Q\/‘ U (J+ 9 0Yg—)— ‘ﬁ&-{-}- -

c} PAaaaaaaac G9VCLOY&' () - 9¥TLOP& () }; (6) o B(-10°C) | B(140°C)

c} PAOVCL0%&' () - 6VCL0%R' [—9overpog (‘rmm?mﬂat g%gCI JY& () - IYCIOTDOVCLOY&' () - A
9VC10%& () - OVCLO%&: 9\%3% PJg \/é% - SVCL0Y&: (Ky aahaagapT8PVCLOYOVC
10%&' () - 9VCLO0 0 - BVCI10 - OviciQogm) ) - ;

c} PAaaaaaaak (B () 4(OVLIRYE] () -6 ; 8 262 473

c} PAOVC109%&' (| e ¢ -d"déla'dd.‘ gng“:roe;&gvc —DVCL0%&: (
) - 9VC10%& () -P 8% | oR Feo - ' {) 18852 52226300\ 780 ) | 9VC109&!
()-9VC10%&: ()| 9YGLOY:, () - 9YCLOP&RS ) | ; oldohaakagagnPPoVEgha%&] ()4RYCIPYE: () - ;
c} PAOVCLO%&' (J=9VCE1 T 9VCIPY& (- abobbh

bgGAVC10%0VCINW&4() | Sua oo () + o1 noid.03 - oh/cBAde: [) 26861 abig: 4MBON1 09&: () -
bbbbbbbcG+OVALOYE' (f) 7QVICL0Y& () - pe} PAOYGLO%R 6§-29VEL0%480( ) t 9\4508%&} () - bb
b$b%h&b' bl POV - 9VCIVCIOop 1 (= 9VCIUY& () - BVCLUY& | ) - 9VC10%
& () - 9VCL0%& | 16h(hs* hih In- ho TROV1 00RVCI o&&@émﬂﬁ&'_gﬂ&.ﬂﬁ(& ()-9vC
109&' () - 9VC10R&1.6) -|; @k PA- b.gb/ bPbib6h9bnBOMCLEEE' () - DEGBOYR' (4730

c} PAOVCL0%&' (= 9VCIOv& 7= 9VCIPYR (] - 9n;

b=bEbJ b@Tb_%M%M;@&_H%w&@_w% 4RR1obe ()-9vC
109%& () - ThUbVo Vb b ZBpIT89CLONERE )  9VE@D0Y& ( Be%OVI10seR0( ) | Comea0%g: () - 9VCL
0%&' ()-,c}P [bi&jbwb_obTSQ\/ 0% () 9VAIo% 1)t % "

c} PAOVCL0%: (h—oMEiodE i 7\49131%—(-" : %ﬁ]&a—eﬁ«&:‘(@y—wnow& () -
YOVCL0%& () - QVELAYR @r- PVCDOYR| (Fe OVC108&' (|) - WVEL0Y& 626 gbhbnissbt byb| bdD$9V
CLO%& () - OVCHOY&: () QVOLQUE ) F ONCIPY& { ) - INCIQY& () -

¢} PA| bbbbbbbc amﬁ\f%é'-g—@@' aaéi—e : 5 131 900 2510

c} PAOVC10%&' (| -1938C10 %R () 0.89C1DYRe () - bbhbbbbt X9)8C1 D%£193D- 9V CIABEDV b0%@5 ()-A
9VCL09&' () - IMCLOYR 1\ COVEINIR] (% IVCIOZR () - Q¥GLOVR {QopnbbPbbhpT8PVC1090VC
109& () - 9VCL 39&]‘% NS Pt & - 1{&21) il

c} PAbbbbbbbpHOQVIEL Q%@n () - DEIOPRFE) . 6 22.6 2410 4680

c} PAOVCL0%&' ( 0%’ [) - 9VC1D%. (] - bbbbbbp_29¥CLBVGIPUR [) - SME10p&' () - 9VC
109%&' () - 9VC1 9@%%&9% ()"945@01 D& () - 90
VC10%&' () - C9 '\ TeOVC10%& [ )Fec PAbG)bbb!BQ@(MQVUIG‘mO() owBB80%&] () - %

c} PAOVCL0%&' (}) -,9MCUO%E [ ) - QVC1PY%&. () - bbpbbbbgKgYC1po 0% (34:QVAL0%&' () -9
VC109%&' () - 9Vd £1y @v 13‘3’&&'—(—%@()- bbblfg“gbb |n%&'ﬁ%‘%18 C109& () -
9VC10%&' () -9 'J(TaolC169& [ )Fe b 18.9 2100 4320

c} PAbbbbbbbc W VELOY& () - BYCLO%&8: () -PVEAQYR] ()ogdCLPI&, foh- 9CL0% ()
-9VC10%&' () - TE-IMNELTR ) uv:mf%z‘—(-)-" - = -

c} PAQVCL0%&' ( c Ceclc OBH0/9V )-8 16.1 2090 4200

c} PAOVC10%&' ([) vCTO%R | ) - SYCLPUE: () - IVCI0UR' ¢y 4cCFccgrecGH %] () - &9VC1
0. () - VCL 0T v oot AT

c%) c/ c3c9cdD$IVCLO%R' () - 9VCL0%&:' () - 9VC

c} PA9c>cCecHel cJcMecG 9VCL0%&! () - 9VCLO0%&! () - ;
c} PAOVC10%&' () - 9VC10%&: () - 9VCL0%: () - MeQcScUc Ve W XcgKIVCL0%&: () - 9VCL0%&! () -
9VCL09& () - 9VCLO09& () - 9VCLO& () - 9VCLOU& () - 9VCLO%& () - XcYeZe[ ¢\ c] ¢ chca@V

C10%& 9y109%& () -

}10%&' ()-0c }10%&' ()-c }10%&' ()-c

) \J
10%&' () - 9VC10%&' () - 9VC10%&' () -;

9 10%&' ()-10101099VC10%& () -; c} PAhci cntncrcsct cucl P49VCc



-c }10%& ()-c }10%& ()-c }10%& ()-ucvewe{c| cccl L, 4c }10%& ()-c
-c } 00/ ()-c }109%& ()-;c ""~zc }109% ()-ccccccc_#;c "~zc }109% ()-c
-c } ()-c}

o
c
c }10%& 10%' ()-c }10% ()-ccccccccpPOc ¢ }10% ()-c
-c }109% ()-}c }109%& ()-c }10%& ()-c }109%& ()-c
-cccccecpT40c c }109%& ()-c¢ }10%& ()-c }10%& ()-};c ""~zc }109& ()-c
-ccccceccd(0;¢c "Mze }109% () - c—?}O%& ()-c }109%& ()-c }109%& ()-c
-cccccccchl,c }10%& ()-c }10%& ()-c }10%&k ()-c }10%&k ()-c
TABLE 2
2 . B (4
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()] (5)| (6) | (5y| (6) | 25C | B¢10C) | B(40C)
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(mol%) (mol%) (K) (K)
Fe 0.5
1-23 | Zr ) S i 28.6 2630 4720
Al 0.5
Fe 1
1-.24 | Si 1 et 27.3 2570 45560
Al ]
Fe | __ 6
1-25 | Mo 06 {~~~~——""7" 60.3 2810 4430
Al b
Fe 5
1-26 | W 0.5 [~~~ T~~~ 62.4 2850 4410
Al 10
Zr 0.5 Fe 16
) B4 (I A R R 72.0 2730 4500
Ce 0.5 Al 5
w 0.06 Fe 10
1-28 =77 . FTTeT 67.9 2590 4620
Ce 1 Al 5
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L 50 S R R o 76.4 2700 4510
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W 0.06 Fe 10
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Ce 1 Al b
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oscillator or for temperature compensation.



