14 NOV 2003 1 SEM CONDUCTI VE CERAM C COVPCSI TI ON AND SEM CONDUCTI VE 1 v
CERAM C ELEMENT US| NG THE SAVE BACKGROUND OF THE | NVENTION  Fiel d of 1#{i@V 2003
I nvention The present invention relates to a sem conductive ceranic
conposition, nore specifically to a sem conductive ceram c conposition
havi ng negative resistance-tenperaturel characteristics. The present

I nvention akgé -Iates to a sentconductlve cerantc elenent maki ng use of
the semnico ; ' ‘ d N ‘ NOUETI

Coefficient "NTC thernt ggﬂ:chamMENmﬂstucuggﬁ'skngz‘exanpte, for the

prevention of rush current and the realization of "soft- starting" of a
not or . Bagk 1 stor” is derived from"thermally
sensitive el ement whose resistance varies

dependingﬁon!aeggﬁaitugﬁ QQ:NTC therm stor is a kind of sem conductive
ceramc e ristics by mhlch resi stance decreases with
I ncrease of te erat constant is defined the foII equati on,
wherein p(T) eS| stIB ‘W‘ﬁf’%\’ton %Pgaé Fai u‘f‘o S%‘H’ﬁ?mﬁg %ggrem stivity

| 0) -
"p(T)] S a“”elc bpﬂ%%%t%gfeitaéé”%eee%ﬁ#et@% FURPoHERA L e
variati O”c%‘fraﬁﬁé' Hops i A LS Ad HdGat Ve s i‘é‘één& %Q\/ngQE”ure

characteristics. The present invention alsc relates to a

[

semiconductive ceramic element making use of the
semiconductive ceramic composition (a Negative Temperature
Coefficient "NTC" thermistor). The element is used, for
example, for the prevention of rush current and the

realization of "soft-starting” of a motor.

a ou

The word.”thermistor" is derived from "thermally
sensitive resistor" and refers to an element whose
resistance varies depending on temperature. An NTC
thermistor is a kind of semiconductive ceramic element and
has characteristics by which resistance decreases with
increase of temperature. B constant is defined by the
following equation, wherein p(T) is the resistivity at
temperature T, p(T,) is the resistivity at temperature T,,
and ln is natural logarithm.

B constant = [1lnp(T,) - lnp(T)] / (1/T, - 1/T)

The greater the value of B constant, the greater the

variation of resistance of an NTC thermistor per unit




t enperature change. An NTC thermistor is incorporated into, for exarrpl1$,Nﬂ 2003
rectification circuit for a power source in an electronic apparatus.
rectification circuit for a power source has a snoothing capacitor having
| ar ge capaci tance. The NTC therm stor suppresses strong rush current
flowng into the capacitor upon swtc¢hing-on of power. Thereafter, the
therm stor cones to have | owered resi-Stance through self- heating, so that
the circuit operates in a steady state. The NIC therm stor is useful for
achi evi ng teoperatans §paggethe circuit and for protecting the rectifier
and the capacitor having | arge capacitance. As a material for NIC
therm stors, tHar dMasthssanisay 1spinrIrROTIoed t N eXi dECE oRXalRifg
transition netal elenment. One requirenent for an ideal NTC thernistor to
prevent r usictduricerttions csufcuidi dind \a [ppweesiaiear elibfan RLeeHEPRIGt or at
hi gh tenperature (140-200C). As resistance of therm stors decreases, power
i S conser agppachatiusg Bher aectnféfathiencicicghtiti fox &t POWLYSISAUECY hast der
to decrease the resistance of a therm stor at high tenperature, B constant
at hi gh t enparcattivieng sapawitess dhvidshvangeo mapaenict anee ni She I Wave a B
constant value of 3250 K at nost. Another requirenent is that the
resi st ancehefrrtilstort sapprsssesats tmong erger aturrent fxgwirgngetocten - 10
and +60C) nust not be very high. Considerable increase of the 14 NOV 2003
r esi st anceaprabser wabnf @widmhigrgtaomalf Pyeher fhergaftensgdgal |y at a
| ow t enperature below O ' C. consequently, a

thermistor comes to have lowered resistance through self-

heating, so that the circuit operates in a steady state.
The NTC thermistor is useful for achieving soft-starting of
the circuit and for protecting the rectifier and the
capacitor having large capacitance.

As a material for NTC thermistors, there has been used
spinel composite oxide containing a transition metal element.

One requirement for an ideal NTC thermistor to prevent
rush current is sufficiently low resistance of the
thermistor at high temperature (140-200°C). As resistance
{ of thermistors decreases, power is conserved during
operation of the circuit in a steady state.

In order to decrease the resistance of a thermistor at
high temperature, B constant at high temperature is
increased. Conventional NTC thermistors have a B constant
value of 3250 K at most.

Another requirement is that the resistance of the

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

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




vol tage ‘'drop occurs at |ow tenperature to sonetimes hanper nor nal 14 NOV 2003
starting-up of electronic apparatus. In order to prevent an increase of

the resistance at | ow tenperature, B constant at |ow tenperature is

reduced. The B constant of a | anthanum cobalt oxide is reported to be

t enper at ur e- dependent (see, for exanple, V. G Bhide and D. S. Rajoria,
Phys. Rev. B6, (3], 1072, 1972, etc.)7- The present inventors previously

obt ai ned an NTC therm stor satisfying the two aho i , 1.e.
havi ng a PeEsAsRRAF 4 §§6@qw%ﬁ»fﬁéé%O&&antﬁ88ﬁat§ﬁ§£$§?ﬁ?§g%§n ‘a B
constant of 4000 K or nore at high tenperature, Q¥ i ncor orag&ﬁg %% | east
one el eneaspesiadiyd atr mlre tEIPEF atddifsingliawy lof - SiComAedYgt -y %5n,  Sp,
W M, Te, and Ce into a primary conponent forned ofmhigkg n Qalt

oxi de (Jupihege PEOPOCANAS &t oY LEMPeGA L& Fithis Ry =1 %) :
Resistivity and B constant of the obtained NTC t herm stors gre LN

propor t i onorwaths tarsimg-oP He AEHtGAE (G )2PPARiA Y BcRRYET T R additive

functions as a donor within the |anthanum cobalt oxide to ¢ sa&f
char ge of prepent: ads incyeass Gk W Falganas 3%ty E{‘:&S'H:lezal‘%ne i’n“t he
oxide. Therefore, if additives are incorporated in excessive anounts, the
resi stivi CpnatAnE @dnsiohtt PAX At R cred®uiedy opom t enperature. The peak
values of the resistivity and B constant of 14

NQV 2003, 4 | ant ha {fobalt
oxi de at room (Redt RUEIAPERE 420G ankRARYRr SXPFHRE %1 J@:rﬁ'"':‘;1“?"16@d]l'rlpa

approxi mately 4700 K. Conventionally, there_have been olhtaine fe) C
tﬁgrnjst0¢9 %e temperature—dependeng'(see, for examﬁie.lg- &ehfudT

! and D. S. Rajoria, Phys. Rev. B6, (3}, 1072, 1972, etc.).
The pregent inventors previously obtained an NTC

thermistor satisfying the two above reguirements, i.e.,
having a B constant of 3000 K or less near room temperature
and a B constant of 4000 K or more at high temperature, by
incorporating at least one element selected from the group
consisting of Si, zZr, Hf, Ta, Sn, Sb, W, Mo, Te, and Ce into
a primary component formed of lanthanum cobalt oxide
(Japanese Patent Application Laid-Open (kokai) No. 7-176406).

s Resistivity and B constant of the obtained NTC thermistors
are in proportion to the amount of the additive{s). This is
because the additive functions as a donor within the
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




having a resistivity equal to or higher than the above val ue. Dependi

n
use of an NTC therm stor, a resistance equal to or higher than the qu@ 1003
val ue may be required. Although higher resistivity nay be obtained by
increasing the volume of the NTC therm stor, the increase of the vol une

I's contradictory to demands for snall$r el ements. The nodification of the
vol ume thereof in accordance with the’ type of therm stor invites increase

of manufacturing costs. In the nmeantinme, |anthanum cobalt oxide has

Fails to HaBERaomm, GooRdre BHdnEY ?@%ﬁﬂ& Bl (A TRLAVOEY, o

fails to ensi Hereto

customary sinterin I d ch as epfy4isgbl e, since the

bal ance béPﬁé@ﬁlpﬁgegg éPsﬂé %ﬁ%?%%f ﬁﬁ%XISf in very snal
amounts affects the .cesigtanceste At ¢ SAMA-F E

| NVENTI ON R&Y@P&F‘ﬁ&la}lyan %‘@r&thav e prcgjs}_‘ga q{l nvrgt;ntl?%nc?set 0 prgvi de a

sem conducti ve cerani ¢ ca sition Vi n t ggg% t hat
of the coﬁ'@é{ﬁﬂgoﬁalresdﬁﬁﬂ‘%qi Y] (ﬁ%‘ﬁln%t eoq:r rﬁqe:fms)gel?a u%/%g'regl on. G%Eg%her

obj ect of the preseni. i nvention | ra e above
conposi tion. 1P9NEP Abd’cﬁedl%é Iﬁwlg D eexs“él P‘lgﬁ(/e%t %%%Xs@%g%:g i s

provi ded a semi %%gt%ulﬁcéll v& ce Csci]orfp%sol td Q4 f]ﬁ%/ Ay "i?cga%é(?f@lred.

resi st anc@- er elrn conposrtion COI’TpI’I Ses

| ant hanum cobal t .0 as _a I ent, épgf ecRRgaL¥in
component &4 @pqg@aéitlggﬁ %E“ 2oy %}é@nt sel ec ?&eldb?rom anong Pe and A
and at Iea% Jg ume of the NTC thermistor, the increase of the volume

| is contradictory to demands for smaller elements. The
modification of the volume thereof in accordance with the
type of thermistor invites increase of manufacturing costs.
In the meantime, lanthanum cobalt oxide has extremely
poor sinterability, and sintered density thereof sometimes
fails to reach 90% or more of the theoretical density.

Heretofore customary sintering aids such as Si0, have not

Leen usable, since the balance between the donors and the

affects the

acceptors which exist in very small amounts

resistance-temperature characteristics.

21¢) 0] E INVENTION

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.

BAnother object of the present invention is to enhance

sinterability of the above composition.



oxi de of an elenent selected fromanong Si, Zr, Hf, Ta, Sn Sh

Ce, Nb, Mh, Th, and P. Preferably, the at | east one oxide bf an1eY%ng?§0VQW3
selected fromanong Fe and Al is contained in a total amount of 0.001-30
nol % as reduced to the elenent and the at | east one oxide of an el enent

sel ected fromsSi, Zr, H, Ta, Sn, Sb, W M, Te, Ce, No, My, Th, and Pis
contained in a total anount of 0.001°10 nol % as reduced to the el ement.
Alternatively and preferably, the at | east one oxide of an el enent

sel ected from e Mg ito 0 Present tnvémtiain anthete ofs Gpuovirierb| % as
reduced to the elenent and the at |east one oxide of an el enent selected

fromsSi, r semb'!fcénﬁ%ct%ﬂre Sur Wi Mz omgn s BeioNhawing Tegative® i s
contained in a total amunt of 0.1-5 nol % as reduced to the elenment. The

af or ement Q%Bi%g'ag#&‘éﬂ-ﬁégﬂg&MEe Qo £hea dBer hex iigs , twisefeinn tie LaxCo8 (0. 60

\?\A‘;(hsagygof 5 ore_rl_rentioned LaxCoO3 may be partially substituted
- ) . . ) :

. 1 0 @%15 1BhoMessias oAt Gatiie cs nmyprimdmy n an

oxi de of §mefsﬁg3'fgg%) &gﬁltlon of an oxide of B enhan?%s tﬁ?lsintered

density. These CONPOS|tions; al&ds®ity campireniderst Iodst henefabideation
of an NTCSCRESRtar i'ch’Ts used f]l'c# cpreventi n'g rush current or

control l'ing a mtor Sa aS.{O%-+AENLYR SAEhg SE@TdAdR] and at least one
oxide of an element selected from among Si, 2r, Hf, Ta, Sn,
sb, W, Mo, Te, Ce, Nb, Mn, Th, and P.

Preferabiy, the at least one oxide of an element
selected from among Fe and Al is contained in a total amount
of 0.001-30 mols as reduced to the element and the at least
one oxide of an element selected from Si, 2Zr, Hf, Ta, Sn, Sb,
W, Mo, Te, Ce, Nb, Mn, Th, and P is contained in a total
amount of 0.001-10 mol% as reduced to the element.

Alternatively and preferably, the at least one oxide
of an element selected from Fe and Al is contained in a
total amount of 0.1-10 mol% as reduced to the element and
the at least one oxide of an element selected. from si, Zr,
if, Ta, Sn, Sb, W, Mo, Te, Ce, Nb, Mn, Th, and P 1s
contained in a total amount of 0.1-53 mol$ as reduced to the
element.

The aforementioned lanthanum cobalt oxide may be in
the form of LaCoO, (0.60 < x s 0.99).

La of the aforementioned La,Co0, may be partially
substituted with any of Pr, Nd, and 5m.

The above-described ceramics may contain an oxide of B.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a partially-cut-away vi en §0V 2003
NTC therm stor of the present invention. DETAILED DESCRI PTI ON THE

| NVENTI ON AND PREFERRED EMBODI MENTS Next, enbodi nents of the present
invention will be described by way of exanples. Exanple | This exanple is
directed to an enbodi nent using LaO .94Co(3 as a | ant hanum cobalt oxi de.
First, powders of La, CoG3 and Co3O .Wére wei ghed and m xed so as to adj ust
the nole ratio of lanthanumto cobalt to 0.94. Subsequently, each of the

additive elenents.shown in Tables 1 [ d. i edet er m ned
anount in ther}’fcgq]rﬁ"o?n aoto%g?fh S n%isg%ﬁ%%e?g%nﬁi%grg ded to the
wei ghed powder. m xture. The anmount of the added el enent shown in. Tables 1

and 2 rep&I&HY the amount reduced to the element. 14 NOV 2003 7 Each of
t he t hus- obt ai nel_gi%g)omder was_ wet - xed al nﬂ with adgﬁd ure vva%ﬁr and
nyl on ball's forfARF HFRRECTbH PR AT By TFHTFhy. FHARI ?f‘ght Rfxtitfe was
cal cined at (1000C for wo hours. The, cal ci ned materi al s._ground, and
vinyl  acdrhre-IA iR Q/ésarhdﬁ% RIS %fhv’cﬁtu%?d\é\?ﬂf. % fol | owed
by additional wet-m xing along with added e water_and nylon_balls for
16 hours. PR ,r‘{-‘%b qﬂ’?ﬁ‘?ﬂre O%o%tiﬁé)tj;{%%l 3 PYFYF nF° 3P ahBl ati on,
press-formng into a_ disk shape, and was cal ci ned at 1350C for two hours
inair, achleve soft-starting.

EF SCRIPTION O DRAWINGS
FIG. 1 is a partially-cut-away view of an NTC

thermistor of the present invention.

D CRIPTION : HE 0 D
MBO S

Next, embodiments of the present invention will be

described by way of examples.
xa e

This example is directed to an embodiment using
La, ,,Co0, as a lanthanum cobalt oxide.

First, powders of La,Co0, and Co0,0, were weighed and
mixed so as to adjust the mole ratio of lanthanum to cobalt
to 0.94. Subsequently, each of the additive elements shown
in Tables 1 and 2 was weighed in a predetermined amount in
the form of a compound such as an oxide, and was added to
the weighed powder mixture. The amount cof the added element
shown in. Tables 1 and 2 represents the amount reduced to the

element.



to thereby obtain a sem conductive ceramic 1. Subsequently, platinuqugﬂ@tﬁm
was screen-printed onto both surfaces of the sem conductive ceramc

t he sem conductive ceram c was baked at 1000C for two hours in air to form
external electrodes 2 and 3, to thereby obtain an NTC therm stor 4 (FIG
1). Optionally, the surfaces of the sem conductive ceramc nmay be coated
with a resin layer 5 for protection of’ the seniconductive ceranic. Also,
there nmay be obtained an NTC therm stor having another structure,. such as

an NTC therm stor hayi | ayer ed, el ectr.odes .cont ai ned_ therei,n,_.The

t hus- obt ai ned Nﬁ%??H%¥nEE?OEXRB§OH§3§BFQdPPUPthQasepggfpﬁéeehﬁ}ﬁgﬁeristics

of resistivity p,and B constant. The results_are_sho | n Tabl es and 2.

I'n TabIesW?QQNP@éz&nﬁpﬁ%dﬁ?Eeﬂb§F nBY k8d &P% S"forrﬁgrbgﬁﬁf'tgﬁ}#?g? rs
outside the scope of the present invention, and the others represent those
within théyscbpeing . t fhgpmesanitant dhtitore waskiealeingd phakltR&s fosd at

25C. 1 4 NOV 2003 According to Equation géé, B constants, i.e,, B(-100

and B(140GM0 JMWEhed The &l Gknedidha rRidiak a5 | Prrund( -art)viny} np(- 100 -

| np(25C)] / [1/(-10+273.15) - 1/(25+273.15).] B(140C) = [In§(140C) -

| np( 25C) J acqtaia dpinder 193s addedothergtesip A AMeBR%: 9ht 3(Yiod)y |
decreases, the fluctuation range of resistance induced by the change of ‘
out si de t dipderaned oY qeddbhieBal gratrméxingeadpnge¥ithaadaefsPuEBpressed at ‘

| ower tenperatures. Therefore, the above-nentioned problemof |owered
vol tage atwats¥ tampernlemeb2blsyEPEokS. 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 1. 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 theiéémiconductive
ceramic may be coated with a resin layer 5 for grotection 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.




As B constant (140C) increases, resistivity decreases drastically w tfs NOV 2003
increase of tenperature. Consequently, a heavy current is suppressed

i mMedi ately after start-up of a <circuit equipped with the NTC therm stor,
and thereafter, in steady state operation, the power consunption of the
circuit is suppressed to a [ow level. An NTC therm stor having such
characteristics is particularly usefuf as an el ement for suppr essi on of

rush current in a circuit, such as that present during a power

swi tching-on operation, or as a |jke conmponent through,which
current flows. AeaReding)tesRagratien Q})Ad%le%mé?'é"f‘r’éﬁ?g é)eResPZt"tregfq’ijl 14 N

OV 2003 9 4) B constant 5) Species 6) Anmount Table 2 S | e No. 2
Added el ersnd B(31)4QQ@s)i:sﬁhﬁatlgﬂeﬁ)‘legeééh&rﬁntdeg)m@écﬁsesfg O%g’bﬁnt As )shovvn

o e, Lo ot (Tan RS LY Sp PSSR OPPRELLb98F; 268} 0
- 1/(25+4273.15)])
B(140°C) = [1lnp(l40°C) - 1np(25°C)) / [1/(140+273.15)
- 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 is overcome.

As B constant (140°C) increases, resistivity decreases
drastically with increase of temperature. Consegquently, a
heavy current is suppressed immediately aiter 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




conponerit and, as the secondary conponents, at |east one oxide of an4NOV 2003
el ement selected fromthe group consisting of Fe and Al and at | east one

oxi de of an elenment selected from the group consisting of Si, Zr, Hf, Ta,
Sn, Sh, W M, Te, and Ce, there is obtained negative

resi stance-tenperature characteristigs with a wide range of resistivity p

at room tenperature, while the fluctdations of B constant at -10C and
140C are restricted within a certain range. Specifically, if the content of
the at | east one oxide of an elenent selected fromthe group consisting of
Fe and Al)ig @oh@tami % or nore as reduced to the elenent, significant
effects of the added el enent are obtained, 14 N OV 2003 10 resulting in an
i ncreasedsnegipglciiesty at roomtenperature. Also, if the content is 30 nold
or less, resistivity at room tenperature falls below 100 S2-cm and B
constant g3 ameumtai ned high at high tenperature, preferably resulting in

a sufficient reduction of resistance at high tenperature. Especially, if
the total content of the at |east one oxide of an elenent selected from
the group consisting of Fe and Al is 0.001-30 nold as reduced to the

el ement apdpllee 2 total content of the at |east one oxide of an el enment

sel ected fromthe group consisting of Si, Zr, H, Ta, Sn, Sb, W M, Te,
and Ce isiQ. ~hQ 1 % as reduced to the elenent, there can be obtai ned
excel lent results: B(--10C) of 1820-2850 K, B(140C) of 4120-4730 K, and
p(25C) of 2)1agheP A daent Further, if the total content of the at |east one

3) Resistivity
4) B constant
5) Species

6) Amount

As shown in Tables 1 and 2, in the semiconductive
ceramic compositions containing La,,C00, as the primary
component and; as the secondary components, at least one
sxide 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, zr, 8f, Ta, Sn, Sb, W, Mo, Te,
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,




oxi de of an el enent selected fromthe group consisting of Fe and AI1MW0V2%3
0.01-10 nol % as reduced to the elenent and the total content of the at

| east one oxide of an elenment selected fromthe group consisting of Si,
Zr, H, Ta, Sn, Sb, W M, Te, and Ce is 0.1-5 nol % as reduced to the

el ement, B(-10C) is 1970-2810 K, B( C) is 4310-4730 K, and p(250C) is
18.9-50.3 xm Thus, there is obtained a sem conductive ceramc
conposition in which the change of B constant is further suppressed,

al t hough the fluctuation range of .resistjvity p_Ls_narr : . Lhe
sane effemﬁ%?%%ﬁ%ﬁﬂa}ﬂeﬁniﬁneﬁ?gsﬁﬂaﬁﬁFéshéylgﬂ RkNIQSHB%%%%ﬁgggﬁiﬁ‘ned by
use of a conposition represented b La,geo s_a | ant hanum.cobal.t _oxi de.
Speci fi cal?Eo nnkh the tanEeRs hﬁeggiﬂo .GBI:f?S§':§eﬁ}§§lvﬁ Yu&dg TB™
constant at high tenperature increases to 3000 K or nore, to thereby
suffi ci enttsmpexeere efatianeelavt 18R QLeray anddBt S/P&TANT &5 Mor eover, the
same effects may al so be obtained by use of No, M), Th, or P instead of
Si, zr, HmaimtaipedghighyakphigheteppertBafy oDEGIERAPRY IHSVE Bhh DR,
Exanpl e Lao. 115pr O 01CQO03 nmay be use as a | anthanum cobalt oxide. First,
powder s ofa |sREfichent reduaton P IwERE1RERPREIRENH 1ANX EEOE TS -adj ust
the nole ratios of La:Co and Pr:Co to_0.85 and 0.09, respectively.
Subsequent |y, cBehesiath¥. addiFhPyv&osPdnERRSEBRoRE ither ??%sal%i ghed

in a predeterm ned anount in the forma congound such as an_axi de
oxide of an element selected from the group consisting of Fe

and Al is 0.001-30 mol% as reduced to the element and the
total content of the at least one oxide of an element
selected from the group consisting of Si, zZr, Hf, Ta, Sn, Sb,
W, Mo, Te, and Ce is 0.001-10 mol% as reduced to the

element, there can be obtained excellent results: B(-10°C)

of 1820-2850 K, B(140°C) of 4120-4730 K, ana p(25°C) of

15.4-99.4 Q-cm.

Further,'if the total content of the at least one
oxide of an elenent selected from the group consisting of Fe
and Al is 0.01-10 mol% as reduced to the element and the
total content of the at least one oxide of an element
selected from the group consisting of si, Zr, Hf, Ta, $n, Sb,
W, Mo, Te, and Ce is 0.1-5 mol% as reduced to the element,
B(~10°C) is 1970-2810 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




and:was ‘i ncorporated into the wei ghed powder mixture. The anount of 1hm0V2Nﬁ
added el enent shown in Table 3 represents the anount reduced to the

el enent. Each of the thus-obtained powder was wet-m xed along wth added
pure water and nylon balls for 16 hours, followed by drying. The resultant

m xture was cal cined at 10000C for t hours. The cal cined material was
treated in the sane manner as in Exanple 1, to thereby obtain an NTC

therm stor. In the sane manner as in Exanple 1, resistivity p and B

constant were deternned of the thus-obtained NTC therm stor. éﬁ% NOV 2003

12 The ref SR EShdh 15 1% SOTBRA 0N BERERTRL-9b PYLaG8% i ement

3) Resistivity 4) B constant_5) species 6) Anmount As is apparent from
Tabl e 3, i8F thd JEHIVHYRIPIAEL Gerdfvi ¢ conpositions contai ning

La0. 5, Pr0_09CoG8 as a | anthanum cobalt oxide, as in the case of La0.94CoC3
shown i n Exanpl&pdasifitally arehembtthacfofat vieredni 8t adce-x emfertR ure
characteristics with a broad range of resistivity p at room tenperature,
whi | e t he s ek iH)r%OIéﬁt@’éoﬁfsﬂbkﬂh EIEOR TR IEReaFes rer 3009 .

Exanpl e 3 La0_8SNd0. 09CoO , may be used as a | anthanum cobal t oxi de.
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, Zr, Hf, Ta, Sn, Sb, W, Mo,
Te, or Ce employed in the above Example.

Example 2

LamﬁPrm”Coo,nmy be use as a lanthanum cobalt oxide.

FPirst, 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. Subseguently, 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.



First, powders of La203, Nd203, and Co304 were wei ghed and mi xed sbh H8Y t280]
adjust the nole ratios of La:Co and Nd:Co to 0.85 and 0.09, respectively.
Subsequently, each of the elenments shown in Table 4 was weighed in a
predeterm ned anount in the formof a conpound such as an oxi de, and was
i ncorporated into the wei ghed powder m xture. The anpunt of the added
el ement shown in Table 4 represents t A& amount as 14 NOV 2003 13 reduced to
the el ement. Each of the thus-obtained powder was wet-m xed along wth
added pure water and nylon balls for 16 hours, followed by drying. The
resul t ant Thextigsi s a%8 cfheen atn 1B8Eefdr two hours. The cal ci ned
material was treated in the sane manner as in Exanple 1, to thereby obtain
an NTC therm stor. In the same manner as in Exanple 1, resistivity p and B
constant were determ ned of the thus-obtained NTC therm stor. The results
are shown tabIeabie 4. Table 4 1) Sanple No. 2) Added el enent 3)
Resistivity 4) B constant' 5) Species 6) Amount As is apparent from Table
4, in the serBagdkidieove cerani ¢ conpositions containing La..5, NDOOO9Co(3
as a lanthanum cobalt oxide, as in the case of La0.9; CoG3 shown in Exanple
1, there Xy aadediebeeryat i ve resi stance-tenperature

3) Resistivity

4) B constant

5) Species

6) Amount

As is apparent from Table 3, in the semiconductive
ceramic compositions containing La, ,Pr, ,,C00, 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 3

La, ;Nd, ,,C0o0, 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




characteristics with a broad range of resistivity p at roomtenper atﬁr!@l,nv 2003
whil e the fluctuations and 140C are restricted. Exanple 4 of B constant at
-10C 1 4 NOV 2003 14 Lao ,5Sm.,,CoO, nmay be used as a | ant hanum cobalt
oxide. First, powders of La20" SnRQ03, and Co, 0, were wei ghed and m xed so
as to adjust the nole ratios of La:Co,and SmCo to 0.85 and 0.09,
respectively. Subsequently, each of th el ements shown in Table 5 was

wei ghed in a predeternined anount in the formof a conmpound such as an

- oxi de, an TR 0 the weighed powder m xture. The anount of
t he added eel nct r&ﬁown |n%‘dfnéb e 5 repr esents the amount as reduced to the

el ement. Each r§¥ﬁ hh added

pure water andq%v#g :%hﬁf q?%r ours, %@?%ﬁg%aghﬁggrﬁéﬁgg %ﬁg ?esultant

m xture was, cal c at_1 al el t S
tﬁé cgcﬂeeéj Pr"r‘hrnng%q;%sg ?{,\nc}zx%&%asl hﬁ%f ] 1 GG 8B £61 2bwi@

treated i M ereby obtain an NTC
Const ant VRSt LAAE 1 08 SFOEHS DU BT A SE NP THAI o e 2o%eul 1 s
%;gl :P I()\\I/\Tt%yno TﬁabulBrestgn #ggkgl%l%dsﬁ\%e?lm' was Ad9ed &f &Bhe Pame
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 constént‘

5) Species

6) Amount

As is apparent from Table 4, in the semiconductive
ceramic compositions containing Lag g Nd, .,C00;, 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



5) Species 6) Anmpbunt 1 4 NOV 2003 15 As is apparent from Table 5, igakqum3
sem conductive ceram c conpositions containing Lao.B, Sno. o, CoOQ, as

| ant hanum cobalt oxide, as in the case of La0 .94Co03 shown in Exanple 1
there are obtai ned negative resistance-tenperature characteristics with a
broad range of resistance p at room ftenperature, while the fluctuations of
B constant at -10C and 140C are restticted. In the above Exanples 1-4 are
used, as |anthanum cobalt oxides, La0994CoO' Lao Pr0, 09Co0" LaO,

.5, NdO, 04Co0" dimth. 55584 0,S 0O ONEP G uged pa ta \vidythanume\eobalheopids ent
invention is not limted thereto. The anount of La to be substituted is
not limted to Fifst, hewdene of flog0s, SmOgbt andabbH,i werehwedghedof a

| ant hanum cobalt oxide in which Lais partially substituted with Eu, Y, or
a like el amhmixed tde above atbprst piieomaleeardtidsndi £ diaegGo tamd u§m: Co

I ncorporation of a |anthanum cobalt oxide as the primary conponent, and as
t he seconday 0 Bk s09 atrespestt iored y ox Sdbsequentdlysmeachseifedthed from
the group consisting of Fe and Al and at | east one oxide of an el enent

sel ect ed felmmente showp imrRilsle fy wds Sieighied Hin Apr&tetSmingd Vb, Te,
Ce, Nb, Mh, Th, and P, there is obtained a sem conductive ceramc

conposi t i camodm e hi mhatshen efem vt ra stonponoed tsangleras are cohbdact andsvags with
an arbitrary room tenperature resistivity fromapoproximately 10 xmto
100 9- cmiMddrpdrzoedt fmto | shewweighedt pawder ovixtere. | Ghst 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 NIC 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



|

Consequently, use of the sem conductive ceramic 1 4 Nov 2003 16 14 NOV 2003
conposition enables the manufacture of a sem conductive ceram c el enent
havi ng negative resistance-tenperature characteristics (NTC therm stor

el enent) which is applicable to a circuit suffering a strong rush current

or acircuit requiring intensive current suppression. That is, the

t hus- obt ai ned seni conductive ceranic 18l ement can be w dely used as an

el enent for retarding of starting of a notor, protection of the drumof a

|l aser printer, pprosespparent BubasTablé Bs hal epenskemipsndaativel i ni nation
of rush current occurring in an apparatus or nachine in which an excess

current flegbamictdEmpOsitdbnsstastadhing LaggsSapRldamt asnaaianehanam rush
current occurring in a power swtching-on operation, and al so can be used

as a tenpesgbale-ceiBENSateinCENet 8hseS6E! La] pCow, §R6wnt EnpExample 1,
conpensati on. However, the present inventioni1s not limted only to these

appl i cat i opger EXaF®! 8bkalheQuUABghBEPEPLES  sBaAnceltBmpeifataret ered density
of the sem conductive ceram c conposition may be increased. La9.94Co(3

was used 0 x| hEQHgR okt rkkiaithaReOp &tni€6mMNG
perfornanggb %?2%?§§§$5§r§§§P ﬁagggagng ggSOZ wer e meighedﬁand m xed so

glse;gn?gj gﬁ%%@lfﬁﬂgg%rfe@%&%gih&gﬂac at2ols94f BSebnetdanrt hy, -a@ch of the
ghed in a predeterm ned anount in the
formof a gpaPeWR sSHEhréstPfcegqde, and was incorporated into the wei ghed

In the above Examples 1-4 are used, as lanthanum
cobalt oxides, La, ,,C00;, La, 4sPr, C00;, La, ,sNd, sC00,, and
La, ssSm, ,,C00,, respectively; however, the preseht 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, Y, 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 componeﬁts, 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, Zr, Bf, 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



1 4 Nov 2003 17 powder m xture. The anpunt of the added el enent Shomﬁ*¢ﬁbV2m3
Table 6 represents the anpbunt as reduced to the elenent. Each of the
t hus- obt ai ned powder was wet-m xed along wth added pure water and nylon
balls for 16 hours, followed by drying. The resultant m xture was cal ci ned
at 1000C for two hours. The cal ci ned %aterial was ground, and a vinyl

a

acetate binder was added thereto in at®anount of 3 w.% followed by
additional wet-nmixing along with added pure water and nylon balls for 16
hours. Therampassitiameenabdies chewmannfictire ob argemicondaative on,
press-forming into a disk shape, and was cal cined at 1350C for two hours
in air, teeramieBlenkarnt haviingnegaluivée \vEcshs bance-Sampenatarey,
pl ati num paste was screen-printed onto both surfaces of the sem conductive
ceranmi ¢, ahAricteristtics UNTE e hermibstonaslenait) whicodE appligabheur s
inair to formexternal electrodes, to thereby obtain an NTC therm stor.
The t hus- di & netedNiE tseffesing awstnesguresh fourrért ereat circuit
characteristics of resistivity p and B constant. = The results are shown in
Tabl e 6. lreqaiding, intensSanglcuriest suppeession.”*" represent therm stors
outside the scope of the present invention, and the others represent those
within the scopthat isg thesthusiobtained. sémhtendutri8enperandc 2) Added
el ement 14 NOV 2003 18

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



3) Resistivity p 4) B constant 5) Sintered density 6) Species 7) A %ph

As shown in Table 6, in the sem conductive ceram c conpositions cont inlmbmm
La,, MC003 as the primary conponent, and at |east one oxide of an el enent
selected fromthe group consisting of Si, zr, H, Ta, Sn, Sb, W M, Te,
and Ce and an oxide of B, negative resistance-tenperature characteristics
provide a high sintered-density materitdl, while the fluctuations of
resistivity at roomtenperature and B constant at 140*C are restricted. |If

the contenpobied mix€uPlQl TRé labuR®r &f a6hé CANEES el@ndht SERGIA I £RNt
effects of the added el enent are obtained, resulting in an increased

sintered degpibye Aepoeskhrbnenecaiibit b8 BefBbbdotol €58 ch@fietitance is

sufficiently reduced at high tenperature, while B constant is maintained

nigh at high teimehall thesRAsotlaifed ipolviRr! Yad! wedlniiedlalony Al
| east one oxide of an el enent selecteg fromthe group consisting of Si

Zr, Hf, T:‘ﬁ’é‘%?h aﬁged\/\gul}.@’ rgﬁeraﬁﬁggﬁgifl%nobggi' 1@op0hl ﬁ%rarrsqd!f%q(io%d he

el enent, e content of an oxi Bis 8.0001-5 ol t, 'sintered

et o VIR Y LABGERARE l 9e0ed gl TBEF B gl bgbleciepl on

of B const@ph hbaS). the'E3161AEEImELefD4P-#480ground, 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 semicbnductive 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



Al so, the sane effects as in this Exanple may be obtained by use °f19NUVZM3
conposition represented by La, CoOB as a | anthanum cobalt oxide.
Specifically, when the La, CoO3 wherein 0.60 - x s 0.99 is used, B constant
increases to 3000 K or nore at a high tenperature, to thereby

sufficiently reduce resistance at an ilevated tenperature. Further, the

same effects can be obtained in the ca8e of a | anthanum cobalt oxide in
which La is partially substituted with Pr, Nd, Sm Eu, Y, or a like

el enent. My eeedistitiigyspme effects as obtained in this Exanple nmay be
obt ai ned by use of oxides of Nb, Mh, Th, or P instead of oxides of Si, Zr,
Hf , Ta, Sa) @bcofstdnt Te, or Ce. 1 4 Now 2003 20 TABLE 1 (2)2)(3)B(4)
(6}(6)AB (-1(OB (14000 125°C 5(ml %A (5 (rmol/.)(0 -cm (K) (K

*1- 1Zr 1Fe G0 G204 8B Aehsiayl Fe0. 000519. 826304730 1- 3Zr | Fe0. 00122. 626104720
1-4Zr 1Fe0. 0124. 926804730 1-5Zr 1Fe0. 126. 226504720 1-6 1-7 1-8 1-9

6) Species

7) Amount

As shown in Table 6, in the semiconductive ceramic
compositions containing La, ,Co0, as the primary compdhent,
and at least one oxide of an element selected from the group
consisting of si, Zr, 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,
Zr, 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°



1:10 *1-11 ]-12 1-13 1-14 1-15 1-18 1-19 1-20 1-21 1-22 Ta 5 td 060
18.(519) Fe 5 15.4 2100 2000 4320 4120 14 NOV 2003 2i TABLE 2 (2}(2)B(4) (3}
O —

19

C) is restricted to 9.2-12.6 and that of B constant (140°C)
is restricted to 4520-4740.

Also, the same effects as in this Example may be
obtained by use of a composition represented by La,Co0, as a
lanthanum cobalt oxide. Specifically, when the La,CoQ,
wherein 0.60 s x = 0.99 is used, B constant increases to
3000 K or more at a high temperature, to thereby
sufficientlf 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, Zr, Hf, Ta, Sn, Sb, W, Mo, Te, or Ce.




(6) (:5) (6)0 B(-10-C)B(140-C) (5)25C ((0 -cm (mo] % (mol " R) (K) (K)

5 14 Nov

| - 23Zr 1Fe28. 626304720 Al 0.5 | 1-24Si 1Fe-- 27.325704550 ,- Al 5 1-25Mb0
---60.328104430 Al 5 1-26W). 5Fe5 --62. 428504410 Al 10 1-27Zr 0. 5Fe
----1,672. 027304500 Ce0.5A]5 1-28W)_06_FelO 67.925904620 - |Al.
2003 22 TABLE 3 (S) 2-1 1 zr
20
TABLE 1
(2) (2) (3) B(4)
(1) (6) (6) © B(-10C) | BQ40°C)
5) | moteny | )| (mol) (Sﬁ_;cm) (K) (K)
*1-1 Zr 1 Fe 0 19.8 2620 4730
1.2 | Zr 1 Fe | 0.0005 19.8 2630 4730
‘ 1-3 | Zr 1 Fe | 0.001 22.6 2610 4720
1-4 | 2r 1 Fe 0.01 24.9 2680 4730
1-5 | Zr 1 Fe 0.1 26.2 2650 4720
1-6 | 2r 1 Fe 1 28.6 2630 4720
1.7 | Zr 1 Fe 10 50.3 2670 4730
1.8 | Zr 1 Fe 20 76.1 2650 4720
1.9 | Zr 1 Fe 30 99.4 2640 4730
1.10 | Zr 1 Fe 40 139.7 2970 4210
*1.11 | Zr 0 Fe 5 9.4 520 1580
1-12 | Zr | 0.0005 | .Fe 5 13.1 300 2510
1-13 | Si | 0.001 [ Fe 5 19.8 1930 4260
1-14 | Mo | 008 | Fe 5 19.8 1820 4580
' 115 | Sn | 05 | Fe 5 22.6 2410 4680
1-16 | Sb 1 Fe 5 24.9 1970 4460
- 1-17 | Te 1 Fe 5 26.2 2630 4530
1.18 | Hf 5 Fe 5 19.6 2260 4310
1.19 | Ta 5 Fe 5 18.9 2100 4320
120 | W 10 Fe 5 15.4 2000 4120
1-21 | Ce 10 Fe 5 16.1 2090 4200
1-22 | Zr 20 Fe 5 12.4 800 1790

140410



2-221Si 2-31 M 1241W125C W 2-6 Ce4 (2)(2)B( ) (
! n ' 3 A B V 2“03
(6). B (-10'CQ)B (140"C) 25'C (nol'4) (moj % (i2 -cm (K) (K) 0.525)50462(()6?«29?1
Al 0.5 27 25904440 0 1. Al 15 Fel7 26304460 48 0.5Al 5.
21
TABLE 2
2 2 ’ B(4
(2) 2) ) 5 (2)
(1)} (5)] (8) | (5y] (&) 95:c | B10C) | B(140°C)
{Q -cm)
(mol%) (mol%) (K) (K)
Fe 0.5
1.23 | Zr 1 st ettt 28.6 2630 4720
Al 0.5
Fe 1
1-24 | Si 1 - === 27.3 2570 4550
Al 6
Fe 5
1-25 | Mo 06 T~ 50.3 2810 4430
Al 5
e 5
1261 W 05 (-1~~~ 62.4 2850 4410
: Al 10
Zr 0.5 Fe 16
127 b=t S ety 72.0 2730 4500
Ce 0.5 Al 5
W 0.06 Fe 10
1-28 F=—=F——"———p-=T T 67.9 2590 4620
Ce 1 Al Y 5




~ 0. 565: 027904450 Al 110 -Fe

565. 725804560 . 1Al 5 1 4 NOV 2003 23 TABLE 4 (2)(2)(3)pB(4)
(1) (5) (6) (6)25' CB(-10' C)B(140' C) (5} nol | mo1% 0 -cm (K) (K)

3-1Zr 128. 526504700 Al 0.6 Fel
3-3Mp0. 5----55.128304490 Al 5 Fe5 3- 4W).252- --60. 028104600 Al 10

1572. 327404510 0.5AI5 _ 0_O5Fe3

3-2Sil --

24. 926904560 ---

Al 5

Feb5

TABLE 3
(2) (2) B(4)
(6) 1} (5) (6} (3).0 B(-10C) | B(140°C)
(1) 25°C
e 0.5 20
L A 29.1 2550 46
2.1 Zr 1 Al 05
Fe 1 - ' 0
I [ s I 27.0 2690 444
2-2 Si 1 Al 5
Fe 5 __ 60
__________ 48.7 2630 44
2-3 Mo 05 Al 5
05 | Fe L5 g50 2790 4450
24| W ) Al 10
| Zr | _05__| Fe 1 __ 1| 123 2740 4510
25 | e 0.5 Al B
W | 005 | Fe 1 104 o5 2580 4660
26 T ce 1 Al 5

14 NOV 2003



Zr0. 5Fel5 3.5-- ---- --76.427004510 Ce0.5Al b W. 05Fel0 3-6__t 66. 026204688 2003
CelAl 5 TABLE 5 (2) 1)(5)(6) (nol % 4-1Zr1 4-2Si1 4-3Mb0.5 4-4w0.5 4.5r 0.5
Ce -W- a- 46-- 11 Ce 24 (2) (moli) 0.5 0.5 Al 5

23
TABLE 4
(2) (2) (3)p B(4)

(1) | (5) (6) (5)‘ (6) 25°C | B(-10°C) | B(140°C)

(mol%) (mol%) | (Q-cm) (K) (K)
Fe 0.5

3-1 | 2Zr S e M 285 2650 4700
Al 0.5
Fe 1

3-2 | Si 1 e 24.9 2690 4560
Al 5
Fe 5

3-3 | Mo 05 [~———1T————~ 55.1 2830 4490
: Al 5
Fe 5

3-4 | W 0.5 [~T—————— 60.0 2810 4500
Al 10
Zr 0.5 Fe 15

3.5 [~~~ T——~"~——r——==7T~-—~""- 76.4 2700 4510
I Ce 05 A.l b
w_1 005 Fe 10

3.6 F~~~t—~""""f——T——"=""~ 66.0 2620 4630
Ce 1 Al 5




Fe ~--- u-- Al 10 Al 5 -

ri

b T- ABf t1)(2)(2)(3)pB(4)(5)

_---ht--n--~ A 51 4 NOV 2003 (3)p 25
(f1-cm (K)(K) 25.027004650 24.326904690 48.326004570 58. 028704510
67. 926204630 65.1. 26804540 B(4)

B (140-C) 14 NOV 2003 25, r

rw +-.

(=) (7) (6)(7) 25C B(14(©

.24
TABLE 5
(2) (2) (3)p B(4)
5) (6) (5) (6) 05°C | B(-10°C) | B(140°C)
1)) ¢ =
( (mol%) (molw) | (B-em)| (K) X)
b o BEE-80 a50 | om0 | 4650
4-1 Al 0.5
o | si 1 L Fe 4 1} o3 2690 4690
4. 1 Al 5
Fe &
———————————— 48.3 2600 4670
4.3 | Mo 0.5 Al 5
e 5
s Rt 58.0 2870 4510
44 | W 0.5 N 10
a5 FE-t—- 05__| Fe 1 18_1 &9 2620 4630
T ce 0.5 Al 5
| W_|_005_ ) Fe L 10 651 2680 4540
61 e 1 Al 5

Cy Blyo¥ O3

L




(mot %9 (%9 (U -on) *1-1Zr0.5B012. 547306. 2 1-2Zr 0. 5B0. 0000512. 547206. 2 1 4 X0V 2003
1-3Zr-0.5B0. 000112. 647206.9 1-4Zr0.5B0.00112. 447307.0

1-57r 0. 5B0. 0112. 547207.0 1-6Zr0.5B0. 112. 547207.1 1-7Zr0.5B112. 647307.1
1-8Zr0.5B512. 647407.1 1-9Zr0.5B1014. 543307. 1 1-10Zr 0. 5B2017. 640407. 1
*1-11Zr0BO. 12. 319207.1 1-12Zr0. 0005B0. 15. 334007. 1

1-13. Si . 0. 001B0. 19. 245207. 1 1- 14Mb0. 05B0. 19. 845707. 1

1-15Sn0. 5B0. 110. 146207. 1 1-16Sb1B0. 110. 846507.1 1-17TelBO0. 110. 746507. 1
1- 18Hf 5B0. 112. 147707. 1 1-19Ta5B0. 112. 147407. 1 1-20WLBO0. 111. 146307. 1
1-21Cel0B0. 110..946107._1 1-227r 20B0. 15. 736007. 1 14 NOV 2003 26 WHAT IS
CLAIMED IS 1. A&sBdwBonbuctive ceranic conposi tion having negative
resi stance-tenperature characteristics, which conposition conprises

| ant hanum cobal t _oxi de as a

1 (2) (2) T (3)p | B2 §(5)
(6): (7) ! (6) {(7) ! 25°C B(40°C)
(mol%) (dl%) | ((}-cm) (B (gham?d
*11 | Zr | 05 | B 0 12.5 4730 6.2
1-2 | Zr | 05 | B |0.000605] 123 4720 8.
13 | zr | 05 | B { 0.0001 12.6 4720 6.9
1-4 | zr | 05 | B | 0.001 12.4 4730 7.0
15 | 2r | 05 | B | o0.01 12.5 4720 7.0
16 | Zr | 05 | B 0.1 12.5 4720 7.1
17 | 2r | 05 | B 1 12.6 4730 7.1
18 | 2r | 05 | B 5 12.6 4740 7.1
19 | zr | 05 | B 10 14.5 4330 7.1
1-10 | 2r | 05 | B 20 17.6 4040 7.1
*1.11 | Zr 0 B 0.1 2.3 1920 7.1
1-12 | Zr [0.0005]| B 0.1 5.3 3400 7.1
1-13 | Si | 0.001 | B 0.1 9.2 4520 7.1
1-14 | Mo | 005 | B 0.1 9.8 4570 7.1
1-15 | Sn | 05 | B 0.1 10.1 4620 7.1
1-16 | Sb 1 B 0.1 10.8 4650 7.1
1-17 | Te 1 B 0.1 10.7 4650 7.1
1-18 | Hf 5 B 0.1 12.1 4770 7.1
1-19 | Ta 5 B 0.1 12.1 4740 7.1
120 | W 10 B 0.1 11.1 4630 7.1
121 | Ce | 10 B 0.1 10.9 4610 7.1
1-22 | 2r | 20 B 0.1 5.7 3600 7.1




pri mary conponent, and, as secondary conponents, at |east one oxide'k&Ngkzmj
el enent selected fromanong Fe and Al and at | east one oxide of an el enent
selected from anong Si, Zr, H, Ta, Sn, Sb, W M, Te, Ce, Nb, M1, Th and
P, and further conprising an oxide of B. 2. A sem conductive ceramc
conposition according to Claim 1, wherein said at | east one oxide of an

el enrent selected fromSi, Zr, H, Ta, _Sn, Sb, W M, Te, Ce, Nb, M, Th
and P is contained in a total amount 8f 0.001-10 mold as reduced to the

el enent, and the oxide of Bis contained in an anount of 0.0001-5 nol % as
reduced HWHAIUSHOMAINEIR ISA semi conductive ceranic composition acccording
to daim 1 or 2, wherein said | anthanum cobalt oxide is in the form of
La,,Co@ (0.60 s x s 0.99). 4. A senmi conductive ceramc elenent including a
sem conductive ceram c having negative resistance- tenperature
characteristics and at | east one gair of electrodes connected to,the

seni conddct e SEBLEAPEUCERNEr e FRTARECceFRMPRSLERPRI sBRVIRAt hBREAT E8Bal t

oxi de as a rRighiFRLhCeOMRAPRMat 1 AR], as sepgpdatyreappesents, aty,g4-HOV 2003
27 | east one oxide of an el enent selected fromanong Fe and Al and at

| east one oxicipostitaerel emmnrisdect banthammanoagast, Zxidef, =, &n, Sb,
W M, Te, g%ﬂ Nb % d P nd % rt I S| Lde B. 5.
A semi conduétive e?gﬁp %gfgﬁéntagééor ?ngggéoﬁﬁg?%14#8ga§§?§?%’sag at
| east one oXied&tOfor@n caliele it sal eclientbnt selected from among Fe and
Al and at least one oxide of an element selected from
among Si, Zr, HE, Ta, 8n, Sb, W, Mo, Te, Ce, Nb, Mn, Th

and P, and further comprising an oxide of B.

2. A semiconductive ceramic composition according to Claim
1, wherein said at 1least one oxide of an element
selected from 8i, Zr, Hf, Ta, Sn, Sb, W, Mo, Te, Ce, Nb,
Mn, Th and P is contained in a total amount of 0.001-10
mol% as reduced to the element, and the oxide of B is
contained in an amount of 0.0001-5 mol% as reduced to

element B.

3. A semiconductive ceramic composition acccording to Claim
1 or 2, wherein said lanthanum cobalt oxide is in the

form of La,CoQ,; (0.60 < X < 0.99).

4. A semiconductive ceramic element including a
semiconductive <ceramic having negative resistance-
temperature characteristics and at least one pair of
electrodes connected to the semiconductive ceramic,
wherein the ceramic comprises lanthanum cobalt oxide as

a primary component, and, as secondary components, at



fromSi, Zr, HE, Ta, Sn, Sb, W M, Te, Ce, No, Ma, Th and P is cont i, 2003
in a total anpbunt of 0.001-10 nol % as reduced to the elenent, and the

oxide of Bis contained in an anount of 0.0001-5 nol % as reduced to

el ement B. 6. A sem conductive ceram c el enment acccording to daim4 or 5,
wherein said | anthanum cobalt oxide is in the form of LaXCoO3 (0.60 s x s
0.99). 7. A sem conductive ceram c el epent according to any one of dains

4 through 6, which is for the prevent?&n of rush current, for the

retarding of starting of, a notor, or for use with a

t enper at ur e1€GFbe P8R &xidey fhalan wkemenst ovelrciend fepmpermen@cFe and

conpensati ORy and at least one oxide of an element selected from
among Si, Zr, Hf, Ta, Sn, Sb, W, Mo, Te, Ce, Nb, Mn, Th

and P, and further comprising an oxide of B.

5. A semiconductive ceramic element according to Claim 4,
wherein said at least one oxide of an element selected
from Si, Zr, Hf, Ta, Sn, Sb, W, Mo, Te, Ce, Nb, Mn, Th
and P is contained in a total amount of 0.001-10 mol% as
reduced to the element, and the oxide of B is contained

in an amount of 0.0001-5 mol% as reduced to element B.

6. A semiconductive ceramic element acccording to Claim 4
or 5, wherein said lanthanum cobalt oxide is in the form

of La,CoO; (0.60 £ x < 0.99).

7. A semiconductive ceramic element according to any one of
Claims 4 through 6, which is for the prevention of rush
current, for the retarding of starting of a motor, or

for use with a temperature-compensated crystal

oscillator or for temperature compensation.




