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BACKGROUND_OF THE INVENTION

Field of the Invention -

5 The present invention relates to a
semiconductive ceramic, more specifically to a
semiconductive ceramic having negative resistance-
temperature characteristics. The present invention also
relates to a semiconductive ceramic element making use of

10 the semiconductive ceramic.

Background Art

Semiconductive ceramic elements having high
resistance at ambient temperature and negative
resistance-temperature ("NTC") characteristics by which

15 resistance decreases with increase of temperature (such
~  an element having'NTc characteristics hereinafter called
an "NTC element") are known. Through utilization of the
NTC characteristics, the NTC element has been used for
various purposes such as the suppression of rush current,
20 retarding starting of a motor, and protection of halogen
lamps. .

Foxr éxample, a NTC element rush current device
suppresses overcurrent by absorbing the initial rush
current, so as to'prévent destruction of a halogen lamp

25 or a semiconductive element such as an IC or diode due to
‘overcurrent flowing through a circuit upon the switching-
on of the'power, and to prevent a decrease in service
life of such a component. Thereafter, the NTC element
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ceramc, nore specifically to a sem conducti ve ceram ¢ havi ng

negati've resistance- tenperature characteristics

i ivention also rel ates to a sem conductive ceran{c gﬁtﬁ%ﬁiLﬁtlgéﬁgB%@%
A

of 10 t he sem conducti ve ceram c. Backgr ound

Sem conductive ceram c el enments having high resi stance at anbi ent
tenperature and negative resi stance-tenperature ("NTC')
characteristics by which 15 resi stance decreases with increase of
tenperature (such an el enent having NTC characteristics herelnafter
cal |l ed an "NTC el enent") are known. Through utiliz
NTC characteristics, the NTC el enent has. been used for ThlsShe ?ﬁals%ge%
put poses such as'the suppressi on of rush current,

of a notor, and protection of hal ogen Ianps - l
exanpl e, a NTC el enent rush current device suppresse

absorbing the initial rush

laced
ng

-2 -

reaches high temperature through self-heating so that its
resistance decreases and, in a steady state, power
consumption is reduced accordingly.
When current is passed through a motor for a
5 gear mechanism -- the motor being designed to be fed with
a lubricating oil after starting of the motor -- so as to
rotate the gears immediately at a high rotational speed,
the gears may be damaged due to insufficient supply of
the lubricating oil. Also, in a lapping machine which
10 grinds the surface of a ceramic through rotation of a
' grinding stone, the ceramic may be cracked when tne
lapping machine is rotated at a high rotational speed
upon starting of the drive motor. 1In order to avoid
these problems, the terminal voltage of the motor is
15 lowered by means of an NTC element, so as to retard the
starting of the motor. Thereafter, the NTC element comes
to have lowered resistance through self-heating, so that
the motor rune normally in a steady state.
As a semiconductive ceramic having NTC
20 characteristics and constituting these NTC elements,
there has been used spinel composite oxides containing a
transition wmetal element such as Mn, Co, Ni or Cu.
Lanthanum cobalt oxides have been reported to
have NTC characteristics such that the B constant has
25 temperature dependency; that is, the B constant increases
with increase of temperature (V. G. Bhide and D. S.
Rajoria at al. Phys. Rev. B6, (3], 1072, 1972, etc.).
When an NTC element is used for suppression of
rush current, it must have a decreased resistance at the
30 elevated temperature caused by self-heating. However,
the conventional semiconductive ceramic using a spinel
composite oxide usually has a tendency that the B
- congtant decreases as resistance decreases. Therefore,
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sem conducti ve el enent such as an I C or diode due to overcurrent

fl owi ng-through a circuit upon the switching- on of the~poy

prevent .a decrease in service lifg of such a conpone ﬂ'Hlél'Jﬁ Egﬁt‘g ?BE[ER‘
t he -NTC el enent : 2- REPLAbE

at an elevated temperature the resistance cannot be
sufficiently lowered, with the result that power
consumption is not reduced in a steady state.
Also, in a conventional semiconductive ceramic,
5 resistance increases considerably at low temperatures
below 0°C, resulting in a voltage drop which retards the
start-up of an apparatus or machine.
A conventional semiconductive ceramic element
making use of conventional lanthanum cobalt oxide has a B
10 constant of as high as 6000 K at an elevated temperature.
However, since it has a B constant of 4000 K or more at
low temperature, when used as an NTC element for
suppression of xrush current, the apparatus or machine to
which the element is incorporated suffers a congiderable
15 voltage drop at low temperature.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
is to provide a semiconductive ceramic in which the B
constant is maintained at about 4000 K or more at

20 elevated temperature to thereby decrease power
consumption, and the B constant is lowered at
sufficiently low temperature so as to increase resistance
more than required to thereby prevent a voltage drop in
an apparatus or machine.

25 Another object of the present invention is to
provide a semiconductive ceramic element using the
semiconductive ceramic.

' To achieve the above objects, according to a
first aspect of thé present invention, there is provided

30 a semiconductive ceramic comprising a lanthanum cobalt
oxide as a primary component, and, as a secondary '
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decreases and, in a steady state, power consunpt i ge-~-s..Ledyced
accordi ngly. When current is passed thrqugHS SHEET MaS BERN
5: + gear nechanism-- the notor being designed to be fed w thREPLACED @

| ubricating oil after starting of the nmotor -- so as to rOtat

gears imedi ately at a high rotational speed, the gears may be
darmaged due .to insufficient supply of the lubricating oil. Also, in
a | appi ng machi ne which 10 grinds the surface of a ceram c through
rotation of a grinding stone, the ceramc may be

| appi ng- machine is rotated at a high rotati onal speed

o upQn . startin
of the drive notor. In order to avoid t hese probIeThlsSh B Y ?ﬂ
vol tage of the notor is 15 | ower ed by nmeans of an NTCZE mﬂ to
retard the starting of the notor. Thereafter, the | S
to have | owered resistance through self#-4eating, so that t he notor

runs normally in a steady state. _ ‘As a sem conductive
ceram ¢ having NTC -

compeonent, at least one oxide of an element selected from
the group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca,
Sr, Ba, Ni, Cu and Zn. With this composition, the B
constant is maintained above about 4000 K at an elevated
5 temperature, and thus the resistance of the

semiconductive ceramic is lowered, leading to a reduction
in power consumption. At low temperature, on the other
hand, the B constant becomes sufficiently lower so that
the resistance of the semiconductive ceramic increases to

10 a proper level as to prevent an overcurrent. from flowing
through an apparatus or machine, to thereby prevent
unnecessary retarding of start-up of the apparatus or
machine. ‘

Preferably, the semiconductive ceramic contains

15 the oxide serving as a secondary component in an amount
of about 0.001-1 mol% calculated as the element. Through
incorporation of the secondary component(s) in such an
amount, the B constant is 4000 K or lower at low
temperature, to thereby more effectively mitigate a

20 drastic increase in resistance of the semiconductive
ceramic. .

Preferably, the aforementioned lanthanum cobalt
oxide is LaCo0; (0.5 s X = 0.999). With this
composition, there can be obtained a semiconductive

25 ceramic having excellent NTC characteristics.

Preferably, a portion of La,Co0; is substituted
with at least one element selected from among Pr, Nd and’
Sm. With this substitution, there can be obtained a
semiconductive ceramic having excellent NTC

30 characteristics.

According to a second aspect of the present
invention, there is provided a semiconductive ceramic
element which comprises a semiconductive ceramic
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be€en- used spi nel conposite oxides containing a transition netal

el enent. such as- Mh, Co, Ni or Cu. Lant h nﬂﬂrqﬂﬁﬁtqﬂq;3g9$
have been reported to have NTC c%ar_acteri stics sugh 'ﬁaEEpmgg
constant has 25 t enperature dependericy; that is, the :
I ncr eases with increase of tenperature (V. G Bhide and D. S

Rajoria at al. Phys. Rev. B6, [3], 1072, 1972, etc.). When
an NTC el enent is used for suppression of rush current, it must have

a decreased resi stemdsingt hanglianum crbalit ontidenperatprignagu sethpbpent ,
sel f-heating. Hu¥elas a seconddiBy CRAMRINenNakt SEEA&O NSRS td4Q1eC SFARKC
usi ng a spinel 1 IﬁpgggSlhe oxl de sua&%& has a,tgﬂgeqﬁylhha¥hyhﬁ B
constant decr ease EEELPTRER HELT TOUPL EPRFLPRINT . Na, K,

_ Rb, Cs, Be, Mg, Ca, Sr, Ba, Ni, Cu and Zn; and ar.

5 electrode formed on the ceramic. With this structure,
the B constant is maintained above about 4000 K at
elevated temperature, and thus the resistance of the
semiconductive ceramic is lowered, leading to lowered
power consumption. Further, the B constant is

10 sufficiently lowered at low temperature, and thus the
resistance of the semiconductive cerami¢ is increased to
a proper level as to prevént an overcurrent from flowing
through an apparatus or machine, to thereby prevent
unnecessary retarding of start-up of the apparacus or

15 machine.

Preferably, the semiconductive ceramic contains
the oxide serving as a secondary component in an amount
of about 0.001-1 mol% as the element. Through
incorporation of the secondary component in such an

20 amount, the B constant is 4000 K or less at low
temperature, to thereby more effectively mitigate a
drastic increase in resistance of the semiconductive
ceramic.

Preferably, the lanthanum cobalt oxide is
25 La,Co0; {0.500 = x s 0.999). With this composition, there

can be obtained a semiconductive ceramic element having
excellent NTC characteristics.
" Preferably, a portion of the aforementioned
La,Co0; is substituted with at least one element selected
30 from among Pr, Nd and Sm. With this composition, there
can be obtained a semiconductive ceramic element having
excellent NTC characteristics.
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suffici'ently Iomered with the result t hat power consunption is not
reduced. in a steady state. Al so, in a GoRvert+oaad

seni conductive ceramc, 5 resi stange _increases condiTad8 SHEET HAS BREN

t enper at ur es below O[err]C, resulting in a voltade dr oRERWAGED
retards the start-up of an apparatus or nachine. == A
conventional sem conductive ceram c el enent maki ng use of
conventional |anthanum cobalt oxide has a B 10 constant of as high as

6000 K at an el evated tenpd@hgt preferred usgso@dvthe semieondudtisen B
constant of 4000 defdmiBldelent of theé Qr-dRimeialveheionhéicagiibsds an NTC

whi on the el ement P TR PR, ZhebLrvEraie, " dsnaraipdrpe Sakeing WU e 1O
motor, protection of halogen lamps, and use as a
5 temperature-compensated crystal oscillator. When used in
such applications, the characteristics of the
semiconductive ceramic element of the present invention
are more fully exploited.

ESCRIPTION OF E I ION AND PREFERRED QDIMENTS

10 Now will be described a process for
manufacturing the semiconductive ceramic of the present
invention and a semiconductive ceramic element using the
ceramic,

Firast, La,Co0; and Co;0, were provided as

15 starting materials and weighed so as to adjust the mole
ratio of lanthanum to cobalt as desired, to thereby
obtain a powder. If necessary, some portion of the La
may be substituted with a rare earth metal such as Pr, Nd
or Sm. Such substitution is conventional in the art.

20 Subsequently, at least one element selected from the

- group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr,
Ba, Ni, Cu and Zn was weighed to a predetermined amount
in the form of, for example, an oxide, and incorporated
into the powder, to thereby obtain an additive,

25 The thus-obtained additive was wet-mixed along
with pure water and nylon balls for 24 hours, followed by
drying. The resultant mixture was calcined at 900-1200°C
for twe hours, to thereby obtain a calcined materiai.

Next, the calcined material was mixed with a

30 binder and nylon balls. The mixture was subjected to

SPEC\268317

This Sheet Has Been Replaced




1k REEEIVES AU JE “Yrlaterat Frmw NBRTRIERE Ur e, o TOUMVARPRE-NRIER SR/ ENTHEBL$2

Accordingly, an object of the present invention Is to provide a

sem conductive ceramc in which the B constant is nmmintai ned at
about 4000 K or nore at 20 el evated,tenperature to t EN
power consunption, and the B congtant s | owered ﬁﬂﬁfﬁigﬁzgg?%f
sufficiently | ow tenperature so as to increase resistanc  hpre—thanl
required to thereby prevent a voltage drop in an apparat us or

machi ne. 25 . . Another object of the present invention is to
provi de a seni cofddEFRGEoRerdiings| andnthesiprpagrforming inbni aoddeist i ve
cerami c. shape, to tlersdy ptatihcaabomMsaddj ects, according to a

sem conduct i ve ceram ¢ contt Sepact wabhhfeided st 1469-180gae Bon ewo
pri mary conponentiouxfdinaain, sk dexepy obtain a semiconductive ceramic.
5 Subsequently, a silver-palladium paste was
applied onto both surfaces of the semiconductive ceramic,
and the semiconductive ceramic was baked at 800-1200°C
for five hours to form external electrodes, to thereby
obtain a semiconductive ceramic element.

10 _ Example 1
According to the above-mentioned method, there
were manufactured semiconductive ceramic elements
containing lanthanum cobalt oxide (LagyCo0,) as the
primary compénent, and different types and amounts of
is secondary components. The resistivity and B constant of
each semiconductive ceramic element were measured. The
results are shown in Table 1. Data from semiconductive
ceramic elements in which a plurality of oxides were
employed as secondary components are shown in Table 2.
20 In the Tables, "o" represents good characteristics with
no problems in practical use, and "A" represents somewhat
- peoor characteristics but no problems in practical use.
Resistivity (p) was measured at 25°C. B
constant represents the change of resistance induced by
25 the change of temperature and is defined by the following
equation, wherein resistivity p(T) is the resistivity at
temperature T, resistivity p(T,) is the resistivity at
temperature T, and 1n ig natural logarithm.
B constant = {1np(Ty) - 1np(T)} / (1/T, - 1/T}
30 As the B constant increases, there is an increase in the
change of resigstance induced by the change of
temperature. According to this equation,'the B constants
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t he grqup conS| sting of Li, Na, K Rb, Cs, Be, My, Ca, Sr, Ba, N,

Cu-and Zn. Wth this conposition, the B constant i s_mmintained ahoy

about 4000 K at an el evated _ g - - | THIS SHEET HAS BEEN
‘ ' REPLACED

determined in Example 1, i.e. B(-10°C) and B{(140°C), are
defined as follows:

SPEC\268317
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10+273.15 25+273.15

o o
B(140°C) = 1np(i40 C) 1np(215 C)

140+273.15 25+273.15
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ceramc is lowered, leading to a reduction I n power. consurrpt lon. At
| ow t enperature, on the other hand, the B constan
sufficiently lower so that the resistance of the LJH{SISHEEIEHAS&EEN
ceram c increases to 10 a proper I"evel” as to prevent § an o\REPLACERNt
fromflow ng t hrough an apparatus or machi ne, to thereby prevent
unnecessary retarding of start-up of the apparatus or machi ne.
Preferably, the sem conductive ceram c contains 15 “the oxide serving as
a secondary conpdnen apout 0. 00LI- L 1ot ted
as the elenent. fhrough incor norrtiW" bf the secondary conponen (s)
in such an anmount , the ‘E gnstant RS 4,%) Ko |lower at}low _
tenperature, to hﬁreg ngre e eetmevely Mt gaje a draptic inciease -
in resistance of gonduct iV ameunt 28°¢ AMNEe_10°C) B(140°C) Evaluation
. le -
Preferably, the dforenenti oﬁé‘ﬂ #an'r(m’wm qotmjt ) oXigge i b
La[err]Cod err] (O S Terr X_Terf jo% 999757 ¥ Tt conposii on,
there can be obt chndycttWM 25 157 4 G Lﬂﬂﬂ—?— NTC
characteristics. 2 Ca 0.0005 14.8 4170 5800 Y
S 3 Ca 0.001 14.1 3950 5570 (@]
4 Ca 0.005 13.3 3800 5320 O
5 Ca 0.01 12.6 3760 5130 o
6 Ca 0.05 11.9 3680 4880 0
7 Ca 0.1 11.4 3460 4570 o]
10 8 Ca 0.5 10.8 3330 4270 o
9 Ca 1 9.9 3090 4060 0
10 Ca 2 1.7 2700 - 3800 A “
i1 Li 0.1 11.7 3510 4590 ®)
12 Na 0.1 11.7 3500 4590 O
1s 13 K 0.1 11.6 3500 4590 o]
14 Rb 0.1 11.4 3470 4570 o
15 Cs 0.1 11.5 3480 4570 QO
16 Be 0.1 11.4 3460 4580 o) ||
17 Mg 0.1 11.5 3470 4580 o] I
20 18 Sr 0.1 11.5 3470 4580 (o]
19 Ba 0.1 1.4 3460 4580 o
20 Ni 0.1 11.5 3470 4590 o I
21 Cu 0.1 12 3460 4570 o
2 Zn 0.1 11 3460 - 4570 O
25 Comparative
E le - 0 17 4410 6270 - “
e "= e
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one el enent selected fromanong Pr, Nd and Sm Wth this
substitution, there can be obtained a sem conduct i v4 THiS SMEET HAS BEEN
excel l ent NTC 30 characteristics.. 19 - Acqor di NngERIACED
second aspect of the present _invention, there is prewdee—t :
sem conducti ve ceramc el ement which conprises a sem conductive
ceram c
ﬂ Table 2 u
Added element Resistivity B constant .
Sample No. s i
° Species | Amount 25°C | B(10°C) | B(u4pegy | Eveiuation
: (mol %) (Qecm) X) )
| Na 0.001
23 Mg 0.0005 14.0 3920 5500 O n
K 0.005 '
24 Zn 0.001 13.1 3790 5260 . o}
cu | o0 -
5 “ 25 Ni 0.01 12.0 3730 5090 o
Ba 1.0
26 . Zn 0.5 8.9 2780 3940 A n
Ca 0.05
27 Ba 0.05 11.3 3430 4480 o]
Li 0.05
Sr 0.1 :
28 Ni . 0.1 10.3 3220 4100 o
Mg 0.5 .
—

In the semiconductive ceramic elements
10 containing LagyCoO; as the primary component and at least
one oxide of an element selected from the group
conaisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Ni,
Cu and Zn as a secondary component, as shown in Table 1,
the B constant is decreased at low temperature, while the
15 B constant is maintained above 4000 K at high
temperature. _

Moreover, as shown in Table 2, even in the case
where a plurality of oxides are used as the secondary
components, if the total amount thereof falls within the

20 range from about 0.001 to 1 mol%, the B constant is
decreased at low temperature, while the B constant is
maintained above 4000 K at high temperature.
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‘and, a5 a secondary component, at |east one oxide of an el enent

sel ected fromthe group consisting of Li, Na, K, r—Cs—Be—N—€
Sf, 'Ba, .Ni, Cu and zn; and an 5 el ecirode formed on| fHIS SHEEHAS BEGN: |
this structure, the B constant 7 (imii nt ai ned abovp aboWREPABOED K at
el evated tenperature, and thus the resistance of the _ sem conductrve
ceramic is lowered, leading to | owered power consunption. Further,
the B constant is 10 sufficiently lowered at |ow tenperature, and thus
t he resi st ance of theEhe asasonsuwhyVvehe clxwe-nientiionedasadge o a
proper |evel as E&o%&%”&%@éhtﬁéﬁésc'ihr AL HEOMRd Qivihtion arkhigugh an
apparatus or nachine, to there prevent unnecessary retarding of
start-up of the &}&P¥Bus or 15  mmchi ne. ‘Preferably, the

sem conductive ceramc contThé nemount ofthhéosécbndaxyﬂcqmpmneatﬁebQﬂdary
conponent if an 3gRicred to YpRROW. 0810R414 £BI PRy 'E%c%h%geﬁﬁengiﬁ%UQh

i ncorporation of the secgndary cquonent I n suc ap 20 anpunt , t
constant is 4000 3O g stgf PLRE dary component(s) is legss than about

0.001 mol% as in the case of Sample Nos. 1 and 2, the B
constant disadvantageously exceeds 4000 K at low
temperature, whereas when the amount of the secondary

10 component (8) is more than about 1 mol%, the B constant
disadvantageously falls below 4000 K at high temperature.

U

 Example 2
In manner similar to that of Example 1,

semiconductive elements were manufactured by changing the

15 amount x of lanthanum with respect to that of cobalt in
lanthanum cobalt oxide La,Co0; serving as the primary
component while fixing the secondary component to Ca and
the amount of the secondary compcnent to 0.01 mol%. The
resistivity and B constant of each semiconductive ceramic

20 element were measured. The results are shown in Table 3.
Similarly, the results obtained by use of LaM,Co0; (M
represents at least one species selected from among Pr,
Nb and Sm), which is lanthanum cobalt oxide serving as
the primary component of which lanthanum is partially

25 substituted with another element, are shown in Table 4.
In this case, the amount of La (i.e., x) was fixed to
0.85, and the amount of substituting element(s) (i.e., y)
was fixed to 0.09. In the Tables, *"0O" represents good
characteristics with no problems in practical use, "A*

30 represents somewhat poor characteristics but no problems
in practical use, and "x" represents problems in
practical use.
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i resistance of the sem conductive ceramic.
Preferably, the |anthanum cobalt oxide is 25 La[ er r ] Calerr}—(0-500
[erf] x-[err] 0.999). Wth this conposition, there THIS SHETLHAS REENJ
senmi'conductive ceram c el enent having~ *2 - excellent NTC chaREPLACERtI cs.
Preferably, a portion of the aforenentioned La[err FerTi— s
substituted with at | east one el ement sel ected 30 fromanong Pr, Nd and
Sm Wth this corrp03| t ion, there can be obt ai ned a sem conduct ive
ceram c el enent " s ~
Table 3
Amount Added element Resistivity B constant
Sample of La P Evalunﬁon
No. x Species | Amount 25°C B(-10°C) | B(140°C) ‘
(mot) | P | (moig) | (@ecm) ) X
“ 40 04 Ca 0.01 78.1 2680 3870 a
5 41 0.5 Ca 0.01 40.5 3070 4120 o)
2 0.7 Ca 0.01 293 3460 4690 o]

II 43 09 Ca 0.01 12.8 3740 5110 o

II 44 0.999 Ca 0.01 13.7 3700 5020 o

“ 45 1 ca | om 2.5 3650 | 4940 x
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el ement of the present invention enconpass suppreSS|on of rush
current, retarding of starting of a not or, protect of g

| anps, ahd use as a 5 t enper at ur e- conpensat ed crysta THix SHE%'E HRS BEENen
used in such applications, the characteristics of fhe REPLACED

sem conductive ceram c el enent of the present invention are nore
fully exploited,. DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED

EMBODI MENTS 10 R —pp—creperrqd a process for

manuf act uring thefsem cogduct|i ve. der pm cf of fhe present I nventi on and

a sem conducti ve lam c -eI enedl o4sd N9ot Neo o
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Amount
y
(mol)
0.00
0.09
0.09
0.03
0.06
0.01
0.08
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Substituting element
Species
Pr
Nb
Sm
Pr
Nb
Nb
Sm
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provided as 15 starting naterlals and wei ghed so as to adjust the nole
rati o of lanthanumto cobalt as desired, to thereby (

| f necessary, sone portion of the La . 14 - may be substit ut Wﬁﬁg@%@sm
earth netal such as Pr, Nd or Sm Such substitution i MEHa

in the art. 20 Subsequently, at |east one el enent selected fromthe
group consisting of Li, Na, K, Rb, GCs, Be My, Ca, Sr, Ba, Ni, Cu and
Zn. was wei ghed to a predeterm ned anou in the formof, for exarrple

an oxi de, and i ncor por at ed®® Sh°wqIﬂﬂoTFHéemed%FentQPﬁIiﬂq85§ 86t ain an
addi tive. 25 lanthanum, The witls rmeEpaichetoatidndl \af wanbalgt conkained ong

Wlthl pur e Watter and cRel BRiR&AH Sedu) 06%4\{_2@%&§s {R! trwad of a.bﬁdEY' ng. The
ther eby obtai n & Sedt O %@éct'n% orfhg B conistant at low GGRRCTAHES,ARE R |
mat eri al wa® ni xewedwced bo3Dess thanld00an¥ whibe Batdnstanthetnhigbre was
subj ected to "temperature is maintained at 4000 K or more.

As shown in Table 4, samples in which lanthanum
is partially substituted with at least one of Pr, Nb and
Sm in the above-specified amount range have a B constant

10 at low temperature be reduced to a lower value while the
B constant at high temperature is maintained at about
4000 XK or more.

The amount of lanthanum, x, is limited to about

0.5-0.999, gsince, as in the case of sample No. 40, the B

15 constant at high temperature disadvantageously becomes
4000 or less when the amount of lanthanum, x, is less
than 0.5. In contrast, as in the case of sample No. 45
having an amount of lanthanum of more than 0.999, the B
constant satisfies the conditions of the present

20 invention both at high temperature and low temperature.
However, unreacted lanthanum oxide (La,0,) contained in a
sintered piece of semiconductive ceramic reacts with
moisture in air to result in expansion and breaking of
the ceramic, which iS'disadvantageous for use as the

25 element of the present invention.

As described hereinabove, the semiconductive
ceramic of the present invention contains lanthanum
cobalt oxide as a primary component and at least one
oxide selected from the group consisting of oxides of Li,

30 Na, K, Rb, Ca, Be, Mg, Ca, Sr, Ba, Ni, Cu or 2Zn as a
secondary component, and thus obtains NTC characteristics
by which the B constant is maintained at 4000 K or more
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shape, to thereby obtain a conpact.
calcined at 1200-1600[err]C for two
a-sem conductive ceramic. 5

and the sem conductive ceram c was baked at 800-1200[err]C

hours to formexternal electrodes,
sem conductive c%&ggh%heLenent

to t hereby

16 (PRINLEV FAbb

t hen pressTd or m riFEY hMABIER(SHP sk P- 16748

ICY N

The conpact was

hours in air,
- 15 - Subsequently,
paste was applied onto both surfaces of the sem copduct

A

T

-

obtain a

for five

emperature, while the B constant at low
temperature is further decreased. '

Therefore,

the semiconductive ceramic enables
manufacture of an excellent semiconductive ceramic
5 element (NTC thermistor element) which has low resistance
~ at high temperature leading to lowered power consumption,
and prevents an excessive voltage drop in an apparacus or
machine at low temperature.

That is, the thus-obtained semiconductive

10 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

15 the initial stage of voltage application as well as rush
current occurring in a switching power, and also can be
used as a temperature-compensated element for TCXO as
well as that for general use, and as a temperature

detection element,.
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10 RECEIVER IS I AT o AT REDIE 0" ) e MSERE NORL 0 ddhe
above- nmentioned nethod, there wer e nmanuf act ur ed sFm canductive

ceram c el ements cont ai ni ng | ant hanum cobal t oxi deTHISa3HERT] KROBREER )
as the - primary conponent, and different types and armuREmeﬁpw
secondary conponents. The resistivity &d B constant of CaeH |
sem conductive ceram c el enent were neasured. The Tesults are shown
in Table 1. Data from sem conducti ve ceramc elenents in which a
plurality of oxides were enpl oyed as secondary conponents are shown
in Table 2. 20 wHAT fsherhaPEpsIs: 0" represents good characteristics with
no problens in practical use, and "[err]" represents sonmewhat poor
characteristics but no problens in practical use.

Resistivity (p) was neasurdd atA2sgmigdrfuc8ive cerambmstemprissingedents the

change of resi st angaHAHE @IbAYt 25xide d1eHpRIRaR) LoMPSHSIUr QL) S
defined by the fol

& tnh
| awi n .equation, wherein resjstivit err](T) is
the resistivity atv Sast ?’?ﬁﬁﬁ?‘ggu? I ‘glement, 9F§§C%%‘ﬁr¥’fﬁ%’e‘hﬁ )gltlgé‘&’t he
resistivity at consistimscoft bhe Nierk] Rman@sl.nBes Mai €al Swmgda.t Mk,
B constant 5 {1n[@srddd[=tr]) - Inferr] (T} / (1/Tlerr] - 1/T) 30 As
the B constant increases, there is an increase in the

2. A semiconductive ceramic according to
Claim 1, wherein the (b} oxide is in an amount of about
0.001-1 mol% calculated as said element thereof.

3. A semiconductive ceramic according to
Claim 2, wherein the lanthanum cobalt oxide is La,Co0,; and
0.5 s x = 0.999.

4, A semiconductive ceramic accofding to
Claim 3, wherein a portion of the La of the La,Co0; is
replaced by at least one element selected from the group
consisting of Pr, Nd and Sm.

5. A semiconductive ceramic according to
Claim 2, containing the oxide is Ca or Cu.

6. A semiconductive ceramic according to
Claim 2, containing 2 or 3 of said (b) oxides.

7. A semiconductive ceramic according to
Claim 2, wherein the (b} oxide is in an amount of about
0.005-0.9 mol¥ calculated as said element thereof.

This Sheet Has Been Reﬂlaced
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1, i.e.
(<10 O
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the B constants -8 determ ned in Exanpl e
B(-10[err]C) and B(140[err]C), are defined as f Iﬂ-lw\%HEET HAS BEEﬁ
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8. A semiconductive ceramic element

comprising a semiconductive ceramic of claim 1 and an
electrode on said ceramic.

9. A semiconductive ceramic element according
to Claim 8, wherein the (b) oxide is in an amount of
about 0.001-1 mol% calculated as said element thereof.

10. A semiconductive ceramic element according
to Claim 9, wherein the lanthanum cobalt oxide is La,Co04
and 0.5 s X s 0.999,

11. A semiconductive ceramic element according
to Claim 10, wherein a portion of the La of the La,Co0; is
replaced by at least one element selected from the group
consisting of Pr, Nd and Sm.

12. A semiconductive ceramic element according
to Claim 11, containing the oxide is Ca or Cu.

13. A semiconductive ceramic element according
to Claim 11, containing 2 or 3 of said (b) oxides.

14. A semiconductive ceramic element according
to Claim 11, wherein the (b) oxide is in an amount of
about 0.005-0.92 mol% calculated as said element thereof.

15. A rush current suppressor containing a
semiconductive ceramic element according to Claim 8.

16. A device for retarding the starting of a
motor containing a semiconductive ceramic element
according to Claim 8.
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17. A device for the protection of halogen
lamps containing a semiconductive ceramic element
according to Claim 8.

18. A temperature-compensated crystal
oscillator containing a semiconductive ceramic element
according to Claim 8.
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Added el enent Restvity B constant [err] Sanpl e No.
amount  25[err]C B(-10C) B(1l40[err] \ﬁléﬁtﬂm‘BEEN
Species  (mol%  (Lerrjcm (K y REPLACED P/1071-585
Ca 0. 0001 15.7 4360 601 Eex-r—]-——— _

Ca 0. 0005 14. 8 4170 5800 [err] 5

3 Ca 0. 001 14. 1 3950 5570 [err]

4 Ca 0. 00 [err]

c o o o1 IC CIIVE C ONDUCTIVE[ err]

6 Ca 0. 05 L0 pei ¥ : [err]

7 Ca 0.1 '11. 4 3460 4570 [err] 10
8. Ca 330 4270 [err]

9 ca  DBSTEACT OF THE, IJSCL 90 4060 [err]

A semiconductive ceramic in which the B
constant is maintained at about 4000 K or more at
elevated temperature to thereby decrease power
consumption, and the B constant is lowered less than 4000
K at low temperature so as to avoid unnecessary increase
of resistance; as well as a semiconductive ceramic
element using the same. The semiconductive ceramic is
formed of a lanthanum cobalt oxide, which serves as the
primary component, and, as a secondary component, at
least one oxide of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba,
Ni, Cu and Zn. The semiconductive ceramic element is
fabricated through use of the semiconductive ceramic and
an electrode formed thereon.

—

.__._/‘—’—"_’
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1@t Ca 2 7.7 2700 3800 | [ e‘??‘q;‘f’
©T11 Li 0.1 11.7 3510 4590 [err 05 “oy-
12 Na 0.1 11.7 3500 4590 [err] 15

13 'K 0.1 11.6 3500 4590 [err]

14 Rb 0.1 11. 4 3470 4570 [err]

15 Cs 0.1 11.5 3480 4570 [err]

16 Be 0.1 11. 4 3460 4580 [err]

17 My 0.1 11.5 3470 4580 [err] " 20
18 Sr 0.1 11.5 - 3470 4580 [err]

19 Ba 0.1 11.4 3460 4580 [err]

20 Ni 0.1 11.5 3470 4590 [err]

21 Cu 0 ICONDUC CE SE CTIVE [err]

22 Zn 0.1 ¢ B NG 4 [err]

BACKGROUND OF THE INVENTION

Field of the Invention
5 The present invention relates to a
semiconductive ceramic, more specifically to a
semiconductive ceramic having negative resistance-
temperature characteristics. The present invention also
relates to a semiconductive ceramic element making use of
10 the semiconductive ceramic.

Background Arﬁ

Semiconductive ceramic elements having high
resistance at ambient temperature and negative
resistance-temperature ("NTC") characteristics by which

15 resistance decreases with increase of temperature (such
an element having NTC characteristics hereinafter called
an "NTC element") are known. Through utilization of the
NTC characteristics, the NTC element has been used for
various purposes such as the suppression of rush cﬁrrent,

20 retarding starting of a motor, and protection of halogen
lamps. _

For example, a NTC element rush current device
suppresses overcurrent by absorbing the initial rush
current, so as to prevent destruction of a halogen lamp

25 or a semiconductive element such as an IC or diode due to
overcurrent flowing through a circuit upon the switching-
on of the power, and to prevent a decrease in serxrvice
life of such a component. Thereafter, the NTC element

REPLACEMENT SHEET
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25+ Copar ai veO Exanpl e - 17
- ¥ 4410 6270 - - 10 -
Table 2 Added el enment Resistivity B const ant

reaches high temperature through self-heating so that its
resistance decreases and, in a steady state, power
consumption is reduced accordingly.
When current is passed through a motor for a

5 gear mechanism -- the motor being designed to be fed with
a lubricating oil after starting of the motor -- so as to
rotate the gears immediately at a high rotational speed,
the gears may be damaged due to insufficient supply of
the lubricating oil. Also, in a lapping machine which

10 grinds the surface of a ceramic through rotation of a
grinding stone, the ceramic may be cracked when the
lapping machine is rotated at a high rotational speed
upon starting of the drive motor. 1In order to avoid
these problems, the terminal voltage of the motor is

15 lowered by means of an NTC element, sc as to retard the
starting of the motor. Thereafter, the NTC element comes
to have lowered resistance through self-heating, so that
the motor rung normally in a steady state.

As a semiconductive ceramic having NTC -

20 characteristics and constituting these NTC elements,
there has been used spinel composite oxides containing a
transition metal element such as Mn, Co, Ni or Cu.

Lanthanum cobalt oxides have been reported to
have NTC characteristics such that the B constant has

25 temperature dependency; that is, the B constant increases
with increase of temperature (V. G. Bhide and D. S.
Rajoria at al. Phys. Rev. B6, [3], 1072, 1972, etc.).

When an NTC element is used for suppression of
rush current, it must have a decreased resistance at the

30 elevated temperature caused by self-heating. However,
the conventional semiconductive ceramic uging a sgpinel
composite oxide usually has a tendency that the B

congstant decreases ag resistance decreases. There

ACEMENT SHEET
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. Sampl e No. | Anount [err] Species (mol %
* 25[err]C B(-10[err]C) B(l140[err]C Evaluation

([err]lcm (K) (K) 23 Na 0. 001

14.0 3920 5500 [err] : My

0. 0005 . 24 K 0. 005 13.1 3790

5260 [err] -3 Zn 0. 001 5 25 Cu
0.01 12.0 3730 5090 [err]

Ni 0.01 26 Ba 1.0 8.9 2780

3940 [err] Za 0.5 Ca
0. 05 7 4480
lerr] at af elevat&iitempegsggge the ]ﬂes%.stance caﬁég@stﬁe 0. 1

sufficiently lowered, with the result that power
consumption is not reduced in a steady state.
Also, in a conventional semiconductive ceramic,
5 resistance increases conasiderably at low temperatures
below 0°C, resulting in a voltage drop which retards the
start-up of an apparatus cr machine.
A conventional semiconductive ceramic element
making use of conventional lanthanum cobalt oxide has a B
10 constant of as high as 6000 K at an elevated temperature.
However, since it has a B constant of 4000 X or more at
low temperature, when used as an NTC element for
suppression of rush current, the apparatus or machine to
which the element is incorporated suffers a considerable
is voltage drop at low temperature.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
is to provide a semiconductive ceramic in which the B
constant is maintained at about 4000 K or more at
20 elevated temperature to thereby decrease power

-

consumption, and the B constant is lowered at
sufficiently low temperature so as to increase resistance
more than required to thereby prevent a voltage drop in
an apparatus or machine.

25 Another object of the present invention is to
provide a semiconductive ceramic element using the
semiconductive ceramic.

To achieve the above objects, according to a
first aspect of the present invention, there is provided

30 a semiconductive ceramic comprising a lanthanum cobalt
oxide as a primary component, and, as a secondary
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28 - Ni 0.1 10. 3 3220 4100 [err]
My 0.5 In the sem conductive ceramc el enents 10
containing Laferr]Coderr] as the primary conponent and at | east one
oxi de of an elenent selected fromthe group consisting of Li, Na, K
Rb, Cs, Be, My, Ca, Sr, Ba, N, Cu and Zn as a secondary conponent,
as shown in Table 1, the B constant is decreased at | ow tenperature,
whilé the 15 B constant is maintai ned above 4000 K at high
t enper at ur e. Mor eover, as shown in Table 2, even in the
case where a plurality of oxides are used as the secondary
conponents, if the total amount thergof falls within the 20 range from
about 0.001 to 1 nol% the B constant is decreased at | ow
tenperature, while the B constant is mai nt ai ned above 4000 K at high
t enper at ur e.
component, at least one oxide of an element selected from
the group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca,
Sr, Ba, Ni, Cu and Zn. With this composition, the B
constant is maintained above about 4000 K at an elevated
5 temperature, and thus the resistance of the
semiconductive ceramic is lowered, leading to a reductiorn
in power consumption. At low temperature, on the other
hand, the B constant becomes gufficiently lower so that
the resistance of the semiconductive ceramic increases to
10 a proper level as to prevent an overcurrent from flowing
through an apparatus or machine, to thereby prevent
unnecessary retarding of start-up of the apparatus or
machine.
Preferably, the semiconductive ceramic contains
15 the oxide serving as a secondary component in an amount
of about 0,001-1 mel% calculated as the element. Through
incorporation of the secondary component{s) in such an
amount, the B constant is 4000 K or lower at low
temperature, to thereby more effectively mitigate a
20 drastic increase in resistance of the semiconductive
ceramic.
Preferably, the aforementioned lanthanum cobalt
oxide is La,Co0; (0.5 s x s 0.999). With this
composition, there can be obtained a semiconductive
25 ceramic having excellent NTC characteristics.
Preferably, a portion of La,CoQO; is substituted
with at least one element selected from among Pr, Nd andé
Sm. With this substitution, there can be obtained a
semiconductive ceramic having excellent NTC
30 characteristics.
According to a second aspect of the present
invention, there is provided a semiconductive ceramic

elemént which comprises a semiconductive ceramic REPLA&}QWENT SﬁEEI!
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- 11~ The reasons why the above-nenti oned range

" provi des advantages in the present invention are as fol | ows.

The amount of the secondary conponent(s) is 5 restricted to about 0.001
nol % to 1 nol % because when the anount of the secondary conponent(s)

Is | ess than about 0.001 nol % as in the case of Sanple Nos. 1 and 2,

the B ~ constant di sadvant ageous$by- exceeds 4000 K at | ow

t enperature, whereas when the amount of the secondary 10 conmponent (s) is
nore than about 1 nol % the B constant

comprigsing lanthanum cobalt oxide as a primary component,
and, as a secondary component, at least one oxide of an
element selected from the group consisting of Li, Na, K,
Rb, Cs, Be, Mg, Ca, Sr, Ba, Ni, Cu and Zn; and ar

5 electrode formed on the ceramic. With this structure,
the B constant is maintained above about 4000 K at
elevated temperature, and thus the resistance of the
semiconductive ceramic is lowered, leading to lowered
power consumption. Further, the B constant is

10 sufficiently lowered at low temperature, and thus the
resistance of the semiconductive ceramic is increased to
a proper level as to prevent an overcurrent from flowing
through an apparatus or machine, to thereby prevent
unnecessary retarding of start-up of the apparacus or

i5 machine. _

Preferably, the semiconductive ceramic contains
the oxide serving as a secondary component in an amount
of about 0.001-1 mol% as the element. Through
incorporation of the secondary component in such an

20 amount, the B conatant is 4000 K or less at low
temperature, to thereby more effectively mitigate a
drastic increase in resistance of the semiconductive

-

ceramic. ]
Preferably, the lanthanum cobalt oxide is
25 La,Co0; (0.500 = x =< 0.999). With this composition, there
can be obtained a semiconductive ceramic element having
excellent NTC characteristics.
Preferably, a portion of the aforementioned
La,Co0; is substituted with at least one element selected
30 from among Pr, Nd and Sm. With this composition, there
can be obtained a semiconductive ceramic element having

excellent NTC characteristics.
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di sadvant ageously falls bel ow 4000 K at high tenperature.

" Exanpl e 2 In manner simlar to that of Exanple 1,
sem conductive el enents were nmanufactured by changing the 15 anount x of
| ant hanum with respect to that of cobalt in | ant hanum cobal t oxi de
La[err]Co(Jerr] serving as the primary conponent while fixing the
secondary ‘conponent to Ca and - fhe anount of the secondary conponent
to 0.01 nol % The resistivity and B constant  of each sem conductive
ceram c 20 el ement were neasured. The results are shown in Table 3.

Simlarly, the results obtained by use of Laferr]Merr]CoQerr] (M
represents at |east onerkdeasiterferzeldecses df AReaBRAGcBhductive Nb and Sm,

which is | ant . CO [ rvi.n . .the primry_ component of
W o | ant han ezl SORRLhert | 38 YR80 invenpibl° SREbRBLYS FoTEONEN, ©
shown in Tabl swppression|ef (1ah cugrent harebagindoprfLatarting of awvas fi xed

to 0. 85mogBg, t PLoCEBIYN Ff HUDEGeh Uldnis ClagBe0EESas (4. €., V)
was flxqg_to n_the Tabl e " prese

.09, vq Q r s, good .
character|stiggmﬁFFﬁLﬂﬁﬁiﬁ%ﬁﬁ?ﬂﬁ§%Fﬁ ﬁr%%ﬁéixﬂsqﬁﬁgft FérrThen used in

such applications, the characteristics of the

semiconductive ceramic element of the present invention

are more fully exploited.
ESCRIPTION O E_INVENTION AND PREFERRED EMBODIMENTS

10 Now will be described a process for
manufacturing the semiconductive ceramic of the present
invention and a semiconductive ceramic element using the
ceramic.

First, La,Co0; and Co;0, were provided as

15 starting materials and weighed so as to adjust the mole
ratio of lanthanum to cobalt as desired, to thereby
obtain a powder. If necessary, some portion of the La
may be substituted with a rare earth metal such as Pr, N4
or Sm. Such substitution is conventional in the art.

20 Subsequently, at least one element selected from the

| group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr,
Ba, Ni, Cu and Zn was weighed to a predetermined amount
in the form of, for example, an oxide, and incorporated
into the powder, to thereby obtain an additive.

25 The thus-obtained additive was wet-mixed along
with pure water and nylon balls for 24 hours, followed by
drying. The resultant mixture was calcined at 900-1200°C
for two hours, to thereby obtain a calcined material.

Next, the calcined material was mixed with a

30 binder and nylon balls. The mixture was subjected to
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30" represents sonewhat poor characteristics but no probl ens I n

*" practical

- 12 -

10

15

20

25

30

use, and "x" represents problens in practical use.

Tabl e 3

filtration, drying, and then press-forming into a disk
shape, to thereby obtain a campact .

The compact was calcined at 1200-1600°C for two
hours in air, to thereby obtain a semiconductive ceramic.

Subsequently, a silver-palladium paste was
applied onto both surfaces of the semiconductive ceramic,
and the semiconductive ceramic was baked at 800-1200°C
for five hours to form external electrodes, to thereby
obtain a semiconductive ceramic element.

Example 1

According to the above-mentioned method, there
were manufactured semiconductive ceramic elements
containing lanthanum cobalt oxide (LagyCo0,) as the
primary component, and different types and amounts of
secondary components. The resistivity and B constant of
each semiconductive ceramic element were weasured. The
results are shown in Table 1. Data from semiconductive
ceramic elements in which a plurality of oxides were
employed as secondary componénts are shown in Table 2.
In the Tables, "o" represents good characteristics with
no problems in practical use, and "A" represents somewhat
poor characteristics but no problems in practical use.

Registivity (p) was measured at 25°C. B
constant represents the change of resistance induced by
the change of temperature and is defined by the following
equation, wherein resistivity p{T) is the resistivity at
temperature T, resistivity p(T,) is the resistivity at
temperature T,, and 1n is natural logarithm.

B constant = {1np(T,) - inp(T)} / (1/Tp - 1/T)
As the B constant increases, there is an increase in the
change of resistance induced by the change of
temperature. According to this equation, the B constants
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_Anount Added el enent Resistivity B const ant

Sanmpl e of La [err]
Eval uati on No. X Anount 25C
B(-10[err]C) B(140[err] QO (mol) Speci es
(ol %9 ([err]lcm (K (K) 40 0.4
Ca . 0.01 78.1 263@ - 3870 [err] 5
41 0.5 Ca 0.01 40.5 - 3070 4120
[err] 42 0.7 Ca 0.01 29.3
3460 4690 [err] 43 0.9 Ca
0.01 1 ; 110 err o 44
0. 999 2 &?mlnﬁfio%Z@xampleli’7§‘%' B(-10%) 4 Blragggy, are
[err] defined a8 follows: | Ca 0.01 21.5
3650 4940 [err] . .

B(-10°C) = 1np(;10 C) - 1np(25°C)

1

10+273.15 25+273.15

B(140°C) = 1np(i4o°c) - 1np(215°C)

140+273.15 25+273.15

iy
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- 13 - [err] ' - 14 -

".As shown in Table 3, when the anpunt of | ant hanum x, w th respect
to 1 nol of cobalt contained in the primary conmponent falls in the
range of about

Added element Resistivity B constant
Sample No. Spocies | Amount 25°C B(-10°C) | B0~y | Evaluadion
{mol%) (Qecm) (K) X)
|1 Ca 0.0001 15.7 4360 6010 s 1‘
2 Ca | 00005 | 1438 4170 5800 o |
5 3 Ca 0.001 14.1 3950 5570 o
4 Ca 0.005 13.3 3800 5320 o
5 Ca 0.01 12.6 3760 5130 o
6 Ca 0.05 11.9 3680 4880 )
“ 7 Ca 0.1 11.4 3460 4570 o
10 T Ca 0.5 10.8 3330 4270 o
” 9 Ca 1 9.9 3090 4060 o |
10 Ca 2 7.7 2700 3800 a
11 Li 0.1 11.7 3510 4590 o)
12 Na 0.1 11.7 3500 4590 o
15 13 K 0.1 11.6 3500 4590 o
14 Rb 0.1 11.4 3470 4570 o
15 Cs 0.1 11.5 3480 4570 o
16 Be 0.1 1.4 3460 4580 e
17 Mg 0.1 11.5 3470 4580 [ ©
20 18 Sr 0.1 11.5 3470 4580 o]
19 Ba 0.1 11.4 3460 4580 o
20 Ni 0.1 11.5 3470 4590 o]
21 Cu 0.1 12 3460 4570 o
2 Za 0.1 1 3460 4570 o
25 el B 0 17 #10 | 6270 -
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. 0.5:0.999 nol, the B constant at |ow temperature can be 5 reduced to

| ess than 4000 K while B constant at high tenperature i s maintained
at 4000 K or nore. As shown in Table 4, sanples in which
| ant hanum is partially substituted with at |east one of Pr, Nb and
Smin the above-specified amount r e have a B constant 10 at | ow
tenperature be reduced to a | ower value while the B constant at high
tenperature i s maintained at about 4000 K or nore.
The amount of |anthanum x, is limted to about 0.5-0.999, since, as
in the case of sarrpl e No 40 _the B 15 constant at h| i gh tenperature
di sadvant agedUsTy De ' TOt 105, g anmbunt -hnt hanum
X, is |less tha Q05 _1n rnntraaﬂe ln_the case of sapple . 45
having an anjunt of |pnthg Q¢ MO Erelitidiy P- 9993 tt] confpt ant
. . t e
satisfies tq r\d‘% pns of the pregent, 2% %l‘on h_at hfgh
tenperature gn t erper at jur Auount 25°€towe\3e.mocpﬁrs¢aot@d YHHE¥Enhim oxi de
(La[err]ern]) conta | amol%) (@semX e edXpi ece ) sgm conduc}ive
ceram c reactfs wth Na m?lﬁ refinarr o result 1 n exjpansSron fnd
br eaki ng of 23 the Ot @ | Cooaibi ¢h 1460di fad92nt agews0& flor uSe ap the
K 0.005
24 Za 0.001 13.1 37%0 5260 O
Cu 0.01
5 I 25 Ni 0.01 12.0 3730 5090 o t
Ba 1.0
26 Za 0.5 8.9 2730 3940 F
‘ Ca 0.05
f 2 Ba 0.05 1.3 3430 4480 o
Li 0.05
Sr 0.1
28 Ni 0.1 10.3 3220 4100 Q
M 0.5
twii‘ }EL, — #‘t
In the semiconductive ceramic elements
10 containing LagyCo0; as the primary component and at least

one oxide of an element selected from the group
consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, Ni,
Cu and Zn as a secondary component, as shown in Table 1,
the B constant is decreased at low temperature, while the

15 B constant is maintained above 4000 K at high
temperature..

Moreover, as shown in Table 2, even in the case
where a plurality of oxides are used as the secondary
components, if the total amount thereof falls within the

20 range from about 0.001 to 1 mol%, the B constant is
decreased at low temperature, while the B constant is
maintained above 4000 K at high temperature.
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257 el ement of the present invention. As descri bed

her ei nabove, the sem conductive ceram c of the present invention
cont ai ns | ant hanum cobalt oxide as a primary conponent and at | east
one oxi de selected fromthe group consisting of oxides of Li, 30
Na, K, Rb, GCs, Be, My, Ca, Sr, Ba, Ni, Cu or Zn as a secondary
conponent, and thus obtains NTC chathcteristics by which the B
constant is maintained at 4000 K or nore -13-

The reasons why the above-mentioned range
provides advantages in the present invention are as
follows.

" The amount of the secondary component (s) is

5 restricted to about 0.001 mol% to 1 mol% because when the
amount of the secondary component (s} is less than about
0.001 mol% as in the case of Sample Nos. 1 and 2, the B
constant disadvantageously exceeds 4000 K at low
temperature, whereas when the amount of the secondary

10 component (g) is more than about 1 mol%, the B constant
disadvantageously falls below 4000 X at high temperature.

Example 2
In manner similar to that of Example 1,

semiconductive elements were manufactured by changing the

15 amount x of lanthanum with respect to that of cobalt in
lanthanum cobalt oxide La,Co0; serving as the primary
component while fixing the secondary component to Ca and
the amount of the secondary component to 0.01 mol%. The
registivity and B constant of each semiconductive ceramic

20 element were measured. The results are shown in Table 3.
Similarly, the results obtained by use of LaMCo0; (M
represents at least one species selected from amgng Pr,
Nb and Sm), which is lanthanum cobalt oxide serving as
the primary component of which lanthanum is partially

25 substituted with another element, are shown in Table 4.
In this case, the amount of La (i.e., x) was fixed to
0.85, and the amount of substituting element(s) (i.e., y)
was fixed to 0.09. In the Tables, "0O" represents good
characteristics with no problems in practical use, "A"

30 represents somewhat poor characteristics but no problems
in practical use, and "x" represents problems in
practical use.
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~at "high tenperature, while the B constant at | ow tenperature is
“"further decreased. . Therefore, the sem conductive ceramc
enabl es manuf acture of an excellent sem conductive ceramc 5

el ement (NTC therm stor elenment) which has | ow resistance at high
tenperature 1eading to | owered power consunption, and prevents an
excessive voltage drop in an apparatues -or machi ne at | ow tenperature.
That is, the thus-obtained sem conductive 10 ceram c el ement can be

wi dely used as an el enent for retarding of starting of a notor,
protection of the drum of a Iaser prlnter protectlon of bul bs such
as hal ogen . 1S i, ,

appar atus or

st age of voltage apfrrcation as wel T g5 rusn CUTTEnt gccurring in a
swi t chi ng powgr EFN AU [canddpesiemen ﬁﬁﬂﬁpas a.ﬂ%ﬂ%@*atur?-conpenhated
el enent for TX&"_S x [well s, that f gk gé N&NH&e) l{sguwaad cfyalgtion
t enperature det @edyi qnPeleEmembis) | @scm) ®) ®)
I 0.4 o 0.0t 78.1 2680 3670 N
5 41 0.5 Ca 0.01 40.5 3070 4120 o
2 0.7 Ca 0.01 293 3460 4600 o
43 0.9 Ca 0.01 12.8 3740 5110 o)
4 0.999 Ca 0.01 13.7 3700 5020 o
45 1 Ca 0.01 215 3650 4940 x
L _______——
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. -16- WHAT IS CLAIMED I S: 1. A sem conductive ceramc conprising
" (a) a lanthanum cobalt oxide as the primary conponent, and (b) at |east one
oxi de of an elenment selected fromthe group consisting of Li, Na, K Rb,

Cs, Be, My, Ca, Sr, Ba, N, Cu and Zn.
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2. A sem conductive ceram c according to Caim1, wherein the (b) oxide is
I n an anount of about 0.001-1 nol % cal cul ated as said el enent thereof.
3. A sem conductive ceranmi c according to Caim2, wherein the | ant hanum
cobalt oxide is La[err]Coderr] and 0.5 [err] x [err] 0.999. 4.
A sem conductive ceram c according §q Claim 3, wherein a portion of the La
of the La[err]Co(err] is replaced by at |east one el ement selected from
the group consisting of Pr, Nd and Sm 5. A sem conductive
ceram c according to Caim2, containing the oxide is Ca or Cu.
As shown in Table 3, when the amount of
lanthanum, x, with respect to 1 mol of cobalt contained
in the primary component falls in the range of about
0.5-0.999 mol, the B constant at low temperature can be
S reduced to less than 4000 K while B constant at hign
temperature is maintained at 4000 K or more.
As shown in Table 4, samples in which lanthanum
is partially substituted with at least one of Pr, Nb and
Sm in the above-specified amount range have a B constant
10 at low temperature be reduced to a lower value while the
B constant at high temperature is maintained at about
4000 K or more.
The amount of lanthanum, x, is limited to about
0.5-0.999, since, as in the case of sample No. 40, the B
15 constant at high temperature disadvantageously becomes
4000 or less when the amount of lanthanum, x, is less
than 0.5. In contrast, as in the case of sample No. 45
having an amount of lanthanum of more than 0.999, the B
constant satisfies the conditions of the present
20 invention both at high temperature and low temperature.
However, unreacted lanthanum oxide (La,0,) contained in a
sintered piece of gemiconductive ceramic reacts with
moisture in air to result in expansion and breaking of
the ceramic, which is disadvantageous for use as the
25 element of the present invention.
As described hereinabove, the semiconductive
ceramic of the present invention contains lanthanum
cobalt oxide as a primary component and at least one
oxide selected from the group consisting of oxides of Li,
30 Na, K, Rb, Cg, Be, Mg, Ca, Sr, Ba, Ni, Cu or Zn as a
sedondary component, and thus obtains NTC characteristics
by which the B constant is maintained at 4000 K or more
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6. -*A sem conductive ceram c according to Claim2, containing 2 or 3 of

10

15

"said (b) oxides. 7. A sem conductive cerami c according to C ai'm
2, wherein the (b) oxide is in an amount of about 0.005-0.9 nol % cal cul at ed
as sai d el ement thereof. ' - 17 -

8. A sem conductive ceram c el enmengg .

at high temperature, while the B constant at low
temperature is further decreased.

Therefore, the semiconductive ceramic enables
manufacture of an excellent semiconductive ceramic
element (NTC thermistor element) which has low resistance
at high temperature leading to lowered power consumption,
and prevents an excessive voltage drop in an apparatus or
machine at low temperature. )

That isg, the thus-obtained gsemiconductive
ceramic elément can be widely used as an element foxr
retarding of starting of a motor, protection of the drum
of a laser printer, protection of bulbs such as halogen
lampa, 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 switching power, and also can be
used as a temperature-compensated element for TCXO as
well as tha; for general use, and as a temperature
detection element.
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conprising a sem conductive ceramc of claim1 and an el ectrode on said

" ceram c. 9. A semconductive ceram c el enent according to
Claim 8, wherein the (b) oxide is in an anmount of about 0.001-1 nol %
cal cul ated as said el enent thereof. 10. A sem conductive
ceram c elenment according to Caim9, wherein the | anthanum cobalt oxide is
La[err]CoQerr] and 0.5 [err] x [erryé 6. 999. 11. A

sem conductive ceram c el enment according to Claim 10, wherein a portion of
the La of the LaCo®3 is replaced by at | east one el enent selected fromthe
group consisting of Pr, Nd and Sm 12. A sem conductive ceramc

el ement accor §wR® Is CLAIMED IS:

1. A semiconductive ceramic comprising {(a) a
lanthanum cobalt oxide as the primary component, and (b)
at least one oxide of an element selected from the group
consisting of Li, Na, X, Rb, Cs, Be, Mg, Ca, Sr, Ba, Ni,
] Cu and Zn.

2. A semiconductive ceramic according to
Claim 1, wherein the (b) oxide is in an amount of about
0.001-1 mol% calculated as said element thereof.

3. A semiconductive ceramic according to
Claim 2, wherein the lanthanum cobalt oxide is La,Co0; and
0.5 = x s 0,999.

4, A semiconductive ceramic according to
Claim 3, wherein a portion of the La of the La,Co0; is
replaced by at least one element selected from the group
consisting of Pr, Nd and Sm.

5. A semiconductive ceramic according to

-

Claim 2, containing the oxide is Ca or Cu. .
, 6. A semiconductive ceramic according to
Claim 2, containing 2 or 3 of said (b) oxides.

7. A semiconductive ceramic according to
Claim 2, wherein the (b) oxide is in an amount of about
0.005-0.9 mol% calculated as said element thereof.
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to-Claim1l, containing the oxide is Ca or Cu. 13. A

" sem conductive ceram c el enent according to Caim11l, containing 2 or 3 of
said (b) oxides. 14. A sem conductive ceram c el enent
according to Claim1ll, wherein the (b) oxide is in an amount of about
0.005-0.9 nol % cal cul ated as said el grent t her eof . 15. A rush
current suppressor containing a semi tonductive ceranic el ement according to
Cl ai m 8. 16. A device for retarding the starting of a notor
contai ning a sem conductive ceram c el enent according to C ai m 8.

8. A semiconductive ceramic element
comprising a semiconductive ceramic of claim 1 and an
electrode on said ceramic.

9. A semiconductive ceramic element according
to Claim 8, wherein the (b) oxide is in an amount of
about 0.001-1 mol% calculated as said element thereof.

10. A semiconductive ceramic element according
to Claim 9, wherein the lanthanum cobalt oxide is L.a,Co0,
and 0.5 s X = 0.999,

11. A semiconductive ceramic element according
to Claim 10, wherein a portion of the La of the La,Co0; is
replaced by at least one element selected from the group
consisting of Pr, Nd and Sm.

12. A semiconductive ceramic element according
to Claim 11, containing the oxide is Ca or Cu.

13. A semiconductive ceramic element according
to Claim 11, containing 2 or 3 of said (b) oxides.

14. A semiconductive ceramic element.according
£to Claim 11, wherein the (b) oxide is in an amount of
about 0.005-0.9 mol% calculated as said element thereof.

15. A rush current suppressor containing a
semiconductive ceramic element according to Claim 8.

16. A device for retarding the starting of a
motor containing a semiconductive ceramic element
according to Claim 8.
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-18- 17. A device for the protection of hal ogen | anps containing a
sém conductive ceram c el enent according to C aim 8. 18. A

t enper at ure- conpensated crystal oscillator containing a sem conductive
ceram c el enent according to Cl aim8. :

- 18 -

17. A device for the protection of halogen
lamps containing a semiconductive ceramic element
according to Claim 8.

18. A temperature-compensated crystal
oscillator containing a semiconductive ceramic element
according to Claim 8.
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MICO TIVE I SEMICONDUCTT
CERAMIC ELEMENT USING THE SAME

ABSTRACT OF THE DISCLOSURE

A semiconductive ceramic in which the B
constant is maintained at about 4000 K or more at
elevated temperature to thereby decrease power
consumption, and the B constant is lowered less than 4000
K at low temperature so as to avoid unnecessary increase
of resistance; as well as a semiconductive ceramic
element using the same. The semiconductive ceramic is
formed of a lanthanum cobalt oxide, which serves as the
primary component, and, as a secondary component, at
least one oxide of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba,
Ni, Cu and Zn. The semiconductive ceramic element is
fabricated through use of the semiconductive ceramic and
an electrode formed thereon.
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