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TITLE OF THE INVENTION

Semiconductive Ceramics Having Negative Temperature
Coefficient of Resistance
BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to semiconductive ceramics
having negative temperature cofficient of resistance.
Description of the Background Art

In general, an element for preventing an inrush current is

10 prepared from an element (NTC element) having negative |
temperature cofficient of resistance, whosé electric resistance
value decreases with a rise in temperature. This NTC element
suppreéses an inrush current due to a high resistance value at
the room temperature, and thereafter increases in temperature

15 and decreases in resistance by self heating, to reduce power
consumption in a stationary state.

In a switching power source, for example, an inrush current
flows at the instant when a switch is turned on, and hgnce the
so-called NTC element is employed for absorbing such an initial

20. rush current. When the switch is turned on, therefore, the NTC
elément suppresses the inrush current. The NTC element
thereafter increases in temperature and decreases in resistance
by self heating, to reduce power consumptioniin:é stationary
state.

25 _ When a toothed wheel of a gear which is so formed that

Sheet Has Been Replaced

T



fSENICONDUCTIVE CERAM CS HAVI NG NEGATI VE TEMPERATURE

_CQEF#ICIENT OF RESI STANCE Descri ption The present invention rel ates
t® sem conductive ceram cs having negative tenper & 8 N of
reési st ance. In general, an elenent for prev thk&‘sngB\"&ﬁ i usE current is

prepared froman el enent (NTC el enent) having ne at i ve REPLAGED

é

supply of lubricating oil is started upon starting of a motor is
immediately rotated at a high epeed by the motor, the lubricating
0il is so insufficiently supplied that the toothed wheel may be
damaged. When a lapping machine which is employed for grinding a

5 surface of ceramics by rotating a grindstone is rotated at a high
speed immediately upon starting of a driving motor, on the ofher
hand, the ceramics may be cracked.

In order to solve each of the aforementioned problems, it is
necessary to delay the starting of the motor for a constant

10 period. The NTC element is employed as an element for delaying
the starting of the motor in such a manner.

The NTC element reduces a terminal voltage of the motor in
starting, whereby it is possible to delay the starting of the
motor. Thereafter the NTC element increases in temperature and

15 decreases in resistance by self heating, so that the motor is
normally rotated in a stationary state.

The aforementioned element for preventing an inrush current
or delaying motor starting is generally formed By an NTC element
which is prepared from a transition metal oxide having a spinel

20 structure.

However, the conventional NTC element has such a
disadvantage that the rate of reduction in resistance (constant
B) caused by a temperature rise cannot be more than 3200K.
Therefore, the resistance value of the NTC element cannot be

25 sufficiently reduced in a high-temperature state, and hence
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tenperature collicient of resistance, whose electric resistance val ue
decréases with a rise in tenperature. This NTC el enent suppresses an inrush
current due to a high resistance value at the room ~— R
thereafter increases in tenperature and decreases i fhTHiSISHEERHASHHERNE]
heating, to reduce power consunption in a stationary statgRePLACED In a
swi tchi ng power source, for exanple, an inrush curreépt—fows—at=THhe | nst ant
when a switch is turned on, and hence the so-called NTC el enent is enpl oyed
for. absorbing such an initial rush current. When the switch is turned on,
therefore, the NTC el enent suppresses the inrush current. The NTC el enent
thereafter increases in tenperature and decreases in resistance by self
heati ng, t ot mawert icon dueptiitab liyn iacseasiesndanyastadeionary shetre a

t oot hed wheel of a gear which is so fornmed that supply of |ubricating oi

i s started Wheon theaNTChglefeatnbsokn the form of a disk, for example, the

resistance value in a high-temperature can be sufficiently
reduced by enlarging its diameter or making its thickness

5 thinner. However, such a countermeasure is contradictory tp'
requirement for miniaturization of an electronic component.
Further, there are limits tb thinning to satisby the strength.

In relation to an improvement in this point, known is a

multilayer NTC element Which is prepared by stacking a plurality
i0 of ceramics layers with interposition of a plurality of internal
electrodes and forming a pair of external electrodes on side
.surfaces of the laminate for alternately electrically connecting
the internal electrodes with the pair of external electrodes.

However, the internal electrodes which are opposed to each

15 other are so close to each other that the multilayer NTC element
may be broken by a current exceeding several amperes;

The inventors have made various composition experiments and
practical tests to deeply study materials showing negative
temperature cofficient of resistance, and noted oxides of rare

20 earth transition elements. The rare earth transition element
oxides have such characteristics that B constants increase and
specific resistance decrease with temperature rises. .Such
characteristics are described in literature (Phys. Rev. B6, [3]
1021 (1972)) by V. G. Bhide and D. S. Rajoria.

25 Although these rare earth transition element oxides exhibit
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‘is !qnediately'rotated at a high speed by the notor, the lubricating oil is
so insufficiently supplied that the toothed wheel nmay be danaged. \Wen a

| appi ng machi ne which is enployed for grinding a surface of—ee S by

rotating a grindstone is rotated at a high speed imnﬁmSaSH&EJ ] rting
of*a driving notor, on the other hand, the ceran cs|my gEptAGcked. I n
order to solve each of the aforenentioned probl ens, L+—s—TECESSaAry to
delay the starting of the notor for a constant period. The NTC el enent is
enpl oyed as an elenment for delaying the starting of the notor in such a
nmanner . The NTC el enent reduces a term nal voltage of the notor in
starting, whereby it Is possible to delay the starting of the notor,

Ther eaf t er smgd INTESéBERBRE YALEEaARS i ﬁﬁ@P&f&F@rgnan%%?BQE%é yhth the

resi stance by self heating, soO
_c&éventiona trgnsitional metal oxides having a spinel

structure, the same exhibit small B constant, with no provision
of:practical and meritorious effects.
5 SUMMARY OF THE INVENTION

The present invention has been proposed in order to solve
the aforementioned problems, and an object thereof is to provide
semiconductive ceramics having negative temperature cofficient
of resistance with low resistivity and a high B constant in a

16 stationary state, to enable feeding of a heavy current.

Provided according to the present invention is
semiconductive ceramics having negative temperature cofficient
of resistance, which is maihly_composed_of an oxide of a rare
earth transition element exciuding Ce and including Y, with

15 addition of at least one of Si, Zr, Hf, Ta} Sn, Sb, W, Mo, Te and
Ce. |

The rare earth transition element oxide, such as LaCoOgz or
SmNiOs, is not restricted in particular. LaCoOjz exhibits such
practical characteristics that its B constant extremely

20 increases with a temperature rise, with small resistivity at the
room temperature. Among rare earth elements, Ce is excluded
since it is difficult to ébtain an oxide with a transition metal.
On the other hand, Y is included in the group of rare earth

elements in the present invention since this element can attain

25 characteristics and effects which are similar to those of the
-
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‘that the notor is nornmally rotated in a stationary state. The

af orénenti oned el enent for preventing an inrush current or del ayi ng notor
starting is generally formed by an NTC el ement which is prepared froma
transition netal oxide having a spinel structure. However.  the
conventional NTC el enent has such a di sadvant age {hgiS SHEET #A8 BHEN pducti on
I n.resistance (constant B) caused by a tenperaturg¢ rlseﬁgqmng@ be npre than
3200K. Therefore, the resistance val ue of the NIClelerert—eafrot—be
sufficiently reduced in a high-tenperature state, and hence power
consunption inevitably increases in a stationary state. Wen the NIC
elenment is in the formof a disk, for exanple, the resistance value in a
hi gh-t enperatrer eacsh béemantsciently reduced by enlarging its dianeter or

maki ng its thickness thinner. However, such a counterneasure
According to the present invention, preferably 0.001 to 10

mole percent, more preferably 0.1 to 5 mole percent of the
aforementioned additive is added to the main component.

5 It is possible to obtain a high B constant by adding at
least 0.001 mole percent of at least one of Si, Zr, Hf, Ta, Sn,
Sb, W, Mo, Te and Ce to the main component of a rare earth
transition element oxide, since the resistance value at a room
temperature can be increased with méintaining low resistance

10 value at a high temperature. If the content of the additive
exceeds 10 mole percent, however, the B constant at a high
temperature is reduced below that of an NTC element which is
composed of a transition metal oxide having a spinel structure.
Therefore, the content of the additive is preferab;y set in a

15 range of 0.001 to 10 mole percent.

As to the rare earth transition element oxide, the mole
ratio of a rare earth element to a transition element is not
reétricted to 1:1 but may be varied. Even if the mole ratio is
varied within a range of 0.6 to 1.1, it is possible to obtain a B

20 constant which is substantially identical to that obtained at
the mole ratio of 1:1. If the mole ratio is less than 0.6 or in
excess of 1.1, however, power consumption in a stationary state
so increases that the semiconductive ceramics cannot be applied
to a circuit which is supplied with a heavy current, since the

25 resistance value will not decrease upon a temperature rise.
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IS contradlctory to requirenent for. mniaturization of an electronic
‘Conpdnent. Further, there are linmts to thinning to satisfy the strength.
In relation to an inprovenent in this point, known i |v
€l ement which is prepared by stacking a plurality of “@ﬁﬁﬁﬁ%@'ﬂ éﬁ' VAth
interposition of a plurality of internal electrodes land f B ﬁﬁﬁ pai 1} of
external electrodes on side surfaces of the lamnate for alternately
electrically connecting the internal electrodes with the pair of external
el ectr odes. However, the internal electrodes which are opposed to each
other are so close to each other that the nmultilayer NTC el enent may be
broken by a current exceedi ng several anperes.

As hereinabove described, the inventive semiconductive

ceramics having negative temperature cofficient of resistance is
composed of a rare earth transition element oxide with addition
of a prescribed element, whereby it is possible to obtain an

5 element having a high B constant at a high temperature, since the
resistance value at a room temperature can be increased with
maintaining low resistance value at a high temperature.
Therefore, it is possible to sufficiently reduce a resistance
value in a temperature rise state for reducing power consumption

10 in a stationary state, so that the element can be applied to a
circuit which is supplied with a heavy cufrent.

. Thus, the semiconductive ceramics according to the present
invention is applicable to an NTC element for preventing an
inrush current in a switching power source which is supplied with

15 a heavy current, or that for delaying motor starting.

While the semiconductive ceramics having negative
temperature cofficient of resistance according to the present
invention is;applied to an element for preventing a rush current
or that for delaying motor starting,'the present invention is not

20 restricted to such application.

The foregoing and other objects, features, aspects and
advantages of the present invention will become.more apparent
from the following detailed description of the présent invention
when taken in conjunction with the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS
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. The |nventors have made various conposition experinments and practical tests
to deeply study materials showi ng negative tenperature cofficient of

resi stance, and noted oxides of rare earth transition elenents. The rare
earth tran- sition el ement oxides have such characteristics that B
constants | ncrease and specific resistance decrease|WHiS SHEFF HP&SVQEEHE
rises. Such characteristics are described in'litera ure (ﬁﬂqﬁggfev 6. [ 3]
1021 (1972)) by V. G Bhide and D. S. Rajoria. Hheough e_rarke
earth transition el enent oxides exhibit small resistance value at a high
tenperature as com pared with the conventional transitional netal oxides
havi ng a spinel structure, the sane exhibit small B constant, with no

provi si on of prdds.cdl iand charaoienist &¢ fdiagram showing results of a test

which was made by series-connecting an NTC element to a switching
power source and measuring time change of a switching power
source current upon power supply at a temperature of 25°C; and
5 Fig. 2 is a characteristic diagram showing relation between
the number of times of a repetitive énergization test and
resistance values at a temperature of 25°C.
DESCRiPTION OF THE PREFERRED EMBODIMENTS
{Example 1)
10 - This Example was carried out on a rare earth transition
element oxide of LaCoOjz.
First, LaCoOgz powder materials were prepared in tlie
following manner: Respective powder materials of Coz04 and
La203 were weighed so that La was at a mole ratio of 0.95 to Co.
15 '.Prescribed amounts of additives shown in Tables 1, 2 and 3 were
added to the powder materials, which in turn were wet-blended for
18 hours in ball mills employing nylon balls. Thereafter the
powder méterials were dehydrated, dried and calcined at 1000°C
for 2 hours. Referring to Table 1, asterisked (*#) amounts are
20 out of the scope of the present invention.
Thus obtained calcined powder materials were pulverized by
‘jet mills. Binders were added to the powder materials, which in
turn were again wet-blended for 5 hours in ball mills employing
nylon balls, filtered, dried and thereafter pressure-molded into

25 the form of disks. The disks were fired in the atmosphere at
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US- A- 4,013,592 relates to a high tenperature therm stor conposition which
conprises a spinel-type MyAl [err]O[err] and perovskite-type LaCr(err] or
(La,Sr)Crderr]. The conposition is usable for the tenperature range from

400[err]C to 600[err]C. Further, a high tenperature _the %tASHEﬁOWRgSéE[EINT

I s*di scl osed whi ch conprises spinel-type solid solution|

Cr)[err]Jerr] and perovskite-type solid solution REPLACED
(La,Sr)Crderr]JorLaCrerr].. Such aconposition is usable for a
hi ghert enperature range of up to 1000 C. EP- A- 0623569 relates to a

ceram c conposition for a therm stor elenment. The conposition is used for a
t herm st or exhlbltlng a stable resi stance val ue over a w de tenperature
range and iltQ¥gallor 8f hpurag Lo b fain Fintarathdediese. BathdmadRBition is
represented by the formula (Merr]Merr]derr])[err] N%Frr]A1C{err])Lerr]
wherei n M &WfacesRictBRefinseradikedies Werfe coated with platinum paste

by screen printing, and baked at 1000°C for 2 hours, to be
provided with electrodes. NTC elements were thus obtained.

5 The NTC elements were subjected to measurement of electric
characteristics of specific resistance values and B constants.
Tables 1 to 3 as well as Tables 4 to 10 described later show
resistivity values which were measured at a temperature of 25°C.
Assuming that p(T) and p(To) represent resistivity values at

10 temperatures T and Tq respectively and In represents a natural
logarithm, each B constant, which is a constant showing
resistance change caused by temperature change, is defined as
follows:

B(T) = [Inp(Tq) - Inp(T)1/(1/Tg - 1/T)

15 Temperature change caused by the temperature increases with this
value.

Referring to Tables 1, 2 and 3, the B constants at -10°C and
140°C are defined as follows:
B constant (-10°C) = [Inp(-10°C) - Inp(25°C)1/[1/(-10 +

20 273.15) - 1/(25 + 273.5)]

B constant (140°C) = [Inp(25°C) - Inp(140°C)]/[1/(25 +
273.15) - 1/(140 + 273.5)]

Figs. 1 and 2 show results of a repetitive energization test
which was made on a sample according to Example 1, containing 1

25 mole percent of Zr. Fig. 1 shows the results of the test which

-8 -
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.elements of the group 3A excluding La and Merr] is an elenment of the
groups 4A, SA, 6A, 7A and 8. The conposition may be YCrJerr] to which 1
wei ght percent SiJerr] is added. EP- A- 0626356 _concerns:--a gegaﬁrc
conposition of the formula (Merr] . Nerr] )(P[e qhh,bNterﬁP
Alferr])derr] where Merr] is one or nore selecte fronngmgmﬁ ou
el ements of the periodic table excluding La, Nerr] nore sel ected
fromthe group 2A el enents of the periodic table. Plerr] is one or nore
selfected fromthe elements fromthe groups 4A, 5A, 6A, 7A and B of the
periodi c tabl e whose oxi des exhibit p-characteristics, and N2 is one or

nore selected fromthe el enents . . .
was made by series-connecting an NTC element to a switching power

source and measuring time change of a switching power source
current upon power supply at a temperature of 25°C. Fig. 2 is a
characteristic diagram showing relation between the number of

5 times 6f the repetitive energization test and resistance values
at a temperature of 25°C. In this repetitive energization test,
the NTC element was energized with a current for 1 minute and
thereafter the power source was turned off for 30 minutes to cool
the element to 25°C every cycle. As clearly understood from

10 Figs. 1 and 2, no characteristic.change was recognized even after
10000 cycles. Further, no NTC element was broken when currents
of 200 A were continuously applied to 100 NTC élements. Thus, it
was confirmed that the inventive NTC element is applicable to a

heavy current.

15
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Table 1
No. | Additional | Content | Resistivity |B B
Element Constant | Constant
(mol%) (@-cm) (-(1£)°C) (1(41?;0)
1-1 Zr 0 * 4.9 520 1590 -
1-2 Zr 0.0005# 8.4 8380 2510
1-3 Zr 0.001 11.1 1220 3020
1-4 Zr 0.01 14.8 1850 3780
1-5 Zr 0.1 18.7 - 2150 4480
1-6 Zr 1 19.8 2620 4730
1-7 Zr 10 13.8 1600 3290
1-8 Zr 20% 4.7 790 1790
Table 2
No. Addtional Content | Resistivity |B B
Element Constant | Constant
(-10°C) (140°C)
(mol?%) (Q-cm) | (x) (K)
1-9 Si 0.05 17.4 2010 4280
1-10 Mo 0.05 16.7 1820 4580
1-11 Sn 0.5 20.5 2400 4680
1-12 Sb 1 17.3 1870 4450
1-13 Te 1 20.2 2630 4530
1-14 Hf 5 18.4 2260 4310
1-15 Ta 5 17.5 2100 4570
1-186 W 10 16.4 1980 4320
1-17 Ce 10 17.0 20980 4480
e - 10 -
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of the groups 4A, 5A, 6A, 7A and 8 Wndse oxi des exhibit n-characteristics.
The conposition may be Y(Cr[err]Fe[err]Al[err]) derr] to which SiJerr]

| 3 added. JP- A-56125803 concerns a therm stor having a ceramc
resi stance body consisting of LaCo[err]V[err](err] in which—x
0.05-0.4. The ceranic contains an oxide of a rare earlmSeSﬁE{ﬂnHA La@fgﬁ
oxi des of transition elenents (CoO and V[err](err]). RH%ASED
Table 3
No. Additional | Content | Resistivity |B B
Element Constant | Constant
(mol%) (Q-cm) (1ﬁ?;C) (133;0)
1-18 zZr 0.05 19.6 2280 4230 -
Mo 0.05
5 1-18 Zr 1 18.3 2570 4550
Sn 0.5
1-20 Zr 0.05 - 17.8 . 2130 4510
Sg 0.05
W 0.05
1-21 |  2r 1 16.2 2460 4290
Mo 0.5
Ce 0.5
10 (Example 2)
This Example was carried out on a rare earth transition
element oxide of LaCrOs.
First, LaCrOz powder materials were prepared in the
following manner: Respective powder materials of La203 and
15~ Cr,07 were weighed so that Co was at a mole ratio of 0.85 to Cr.
Additives shown in Table 4 were added to the weighed powder
materials, which in turn were wet-blended for 16 hours in ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined at 1000°C for 2 hours.
20 . Then, the calcined powder materials were treated similarly

I
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JP-A-1 290549 concerns an oxi de sem conductor conposition for a negative
tenperature coefficient therm stor This conposition mainly contains an
oxide of a rare earth elenent (La) and oxides for transition el enents
(CoMn) . It is the object of the present inventfiypi t EPTCH’SdEEE

sem conducti ve ceram cs having negative tenperature¢ COEEEEQH@éLS @}
resistance with lowresisitivity and a high B consttant_.i CAtionafy _
state, to enable feeding of a heavy current. This object is achieved -
by<sem conducti ve ceram cs according to claim1l and claim 2. The rare
earth transm ssion el enent oxide, such as LaCoderr] or SsNNJerr], is not
restricted in particular. LaCo®3 exhibits such practical characteristics
that its B tooksemptlecksrboedtairNESedamantss tenperature rise, with high
resis- tivity at the roomtenperature, Anong rare earth elenments, Ce is
excl uded since ifeble 4i pireushovs petwl s af Sasrectiive glectric

characteristics of the as—obfained NTC elements, which were

. measured similarly to Example 1.

5
Table 4
No. Additional | Content | Resistivity |B B
Element Constant | Constant
(mol%) (Q-cm) 1 (-(IKO;C) (14((1);)(:)
2-1 Zr 1 _ 19.1 2870 4060
2-2 Mo 1 20.0 2710 4320
10 253 Sb 1 18.9 2430 4070
2-4 Hf 0.5 16.8 2610 4150
2-5 Ta | 0.5 18.3 2420 4270
2-6 Ce 0.5 20.0 2590 4010
2-7 Sb 1 18.2 2530 3870
Hf 1
15 2-8 Zr 0.05 17.0 2680 4190
Ta 0.1 |
2-9 Sn 0.5 16.1 2420 3870
Ce 0.5
2-10 Si 0.05 17.3 2700 4260
Mo 0.05
W 0.1
20 (Example 3)

This Example was carried out on a rare earth transition

I
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transition netal. On the other hand, Y is included in the group of rare
‘earth elenments in the present invention since this elenment can attain

characteristics and effects which are simlar to those of the rare-eafth

el enent s. According to the present invention, O-00L & nm$éﬁ§§rcent
of. the aforenentioned additive is added to the main IS
possible to obtain a high B constant by adding at |eg s cent

of at least one of Si, Zr, H, Ta, Sn, Sb, W M, Te and Ce to the mai n
corponent of a rare earth transition elenent oxi de, since the resistance
value at a roomtenperature can be increased with maintaining | ow
resi stance value at a high tenperature. |If the content of the additive
exceeds lOelehenpeogede, oNSwENED;.the B constant at a high tenperature is
reduced bel ow that of an NTC
First, SmNiOz powder materials were prepared in the
following manner: Respective powder materials of Sm203 and NiO
were weighed so that Sm was at a mole ratio of 0.95 to Ni.

5 Additives shown in Tables 5 were added to the weighed powder
materials, which in turn were wet-blended for 16 hours in-ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined at 1000°C for 2 hours.

Then, the calcined powder materials were treated similarly
10 to Example 1, to obtain NTC elements.
Table 5 also shows results of respective electric

characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

- 13 -
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el ement which is conposed of a transition netal oxide having a spinal
structure. The content of the additive is set in a range of 0.001 to 5
npl e percent. As to the rare earth transition elerpt—eox-de~the l e
ratio of the rare earth element to the transition el prHi SHEET HAS BEEN
restricted to 1:1 but may be varied. Even if the nol ¢ ratiRERLACER i ed
within a range-of 0.6 to 1.1, it is possible to obtarma=BTonstant—whi ch
is substantially identical to that obtained at the nole ratio of 1:1. If
the nole ratio is less than 0.6 or in excess of 1.1, however, power
consunption in a stationary state so increases that the seni conduct i ve
ceranmi.cs cannot be applied to a circuit which is supplied with a heavy

current, since the resistance value will not decrease upon a tenperature
rise. Table 5
No. | Additional | Content | Resistivity |B B
Element Constant | Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K) -
3-1 Zr 0.05 14.8 2240 3820
5 3-2 Mo 0.05 14.0 2340 3870
3-3 Sb 1 13.8 2290 3790
3-4 Hf 1 12.1 2150 3740
3-5 Ta 0.5 14.3 2230 3800
3-6 W 0.5 15.0 2080 3750
10 3-7 ~ Sb 0.5 12.9 2410 3930
Ce 0.5
3-8 Zr 0.05 14.3 2060 3620
Ta 0.05 |
3-9 Sn 1o 12.0 2220 3890
W 1 |
3-10 Si 0.1 . 13.7 2390 3990
Mo 0.1
W 0.1
15

(Example 4)
This Example was carried out on a rare earth transition
element -oxide of NdNiOgz.
20 First, NdNiOS powder materials were prepared in the
following manner: Respective powder materials of Nd,O0z and NiO

were weighed so that Nd was at a mole ratio of 0.95 to Ni.
_—
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.As herei nabove described, the inventive sem conductive ceram cs having
negatiive tenperature coefficient of re- sistance is conposed of a rare
earth transition el enent oxide with addition of a prescribed el enent,
whereby it is possible to obtain an el enent havi ng apht
high tenperature, since the resistance val ue at roomn
increased with nmaintaining |ow resistance val ue at aj} hi gh REPIAEERL ur e.
Therefore, it is possible to sufficiently reduce the TesTsStanmce—vatdte—in a
tehperature rise state for reduci ng power consunption in a stationary
state, so that the elenment can be applied to a circuit which is supplied
with a heavy .current s,. the sem con éFtive ceraniﬁgpgfcord'ng to

: Th
the pr esentt\dfili‘r\'i_é'F‘ffeiSoﬁhf’g’nab‘b:J 2 § yexre _egl Eﬁemef"%ﬁl_ _ §Thg an
[ nrush current fie seLieli og pover, Sounes W Sy Le PRl B84 D, 1YY

mills employing nylon balls. Thereafter the powder materials

~were dehydrated, dried and calcined at 1000°C for 2 hours.
5 Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC eléments.
Table 6 also shbws resulfs of respective electric
characteristics of the obtained NTC elements, which were

measured similarly to Example 1.

10
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starting. Whi |l e the sem conductive ceram cs having negative
tenperature cofficient of resistance according to the present invention is
applied to an elenent for preventing a rush current or that for del ayi ng

notor starting, the present invention is not restricte S$H§ET HAS BEE
appl i cation. . The foregoing and ot her objects, features %
advant ages of the present invention will becone nore a ren u hp

follomnng detail ed description of the present i nvention when taken In
cofijunction with the acconpa- nying draw ngs.

Table 6
No. | Additional | Content | Resistivity |B B
Element Constant | Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K)
4-1 si 0.5 | 24.3 2030 3860 -
4-2 Zr 0.5 24.0 2170 3790
5 4-3 Mo 5 25.8 2100 3910
4-4 Sn 5 24.1 2090 3730
4-5 Sb 1 23.6 2160 3850
4-6 Ce 1 22.86 2240 3930
4-7 Si 1 25.9 2120 3710
Sn 1
10 4-8 Zr 0.5 25.4 1980 3790
W 0.5
4-9 Mo 0.5 24.3 1970 3860
Ta 0.5
4-10 Zr 0.1 24.86 2080 3900
Sn 0.1
Ta 0.1
15

(Example 5)
This Example was carried out on a rare earth transition
element oxide of PrNiOgz.
First, PrNiOgz powder materials were prepared in the
20 following manner: Respective powder materials of PrGPll and.NiO
were weighed so that Pr was at a mole ratio of 0.95 to.Ni.
Additives shown in Tables 7 were added to the weighed powder

-
- 18 -
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Fig. 1 is a characteristic diagramshowi ng results of a test which was nade

by séries-connecting an NTC el enent to a switching power source and
nmeasuring time change of a sw tching power source current. upon pomer suppl y
at a tenperature of 25[err]C, and Fig. 2 is a char $ E 'HA BEEN fM
showi ng rel ati on between the nunber of tines of a repeﬂﬂﬁ g |zat| n

t est and resistance values at a tenperature of 2%[err] CRID "ON

OF THE PREFERRED EMBODI MENTS

materials, which in turn were'wet—blended for 16 hours in ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined ét 1000°C for 2 hours.
Then, the calcined powder materials were treated similarly
5 to Example 1, to obtain NTC elements.
Table 7 also shows results of respective electric
characteristics of the obtained NTC elements, which were

measured similarly to Example 1.

N —
ect Has Been Replaced
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(Exanpl e 1)

el ement oxide of LaCo(Jerr].

ptepared in the follow ng manner:
and La203 were wei ghed so that La was
to-Co. Prescribed anounts of additives shown in Tabl

Co[err](err]

10

This Exanple was carried out on a rare earth transition

First,
Respect i ve powder

LaCod errj

powder

mat eri al s of

a.mle ratio of
dHIS SHEET HAS BEEN
REPLACED .

materials were

0. 95

Table 7
No. Additional | Content | Resistivity |B B
Element ' Constant | Constant
mo1x) | ca-em | EYC | OETO
- Zr 1 10.6 1960 3650
5-2 Mo 1 9.8 2100 3580
5-3 Sb 0.5 11.6 2060 3710
5-4 Te 0.5 8.9 1980 3680
5-5 Ta 0.05 10.3 2030 3740
5-6 W 0.05 12.0 2210 3820
5-7 Zr 1 9.7 2120 3640
Hf 1
5-8 Zr 0.5 9.6 1990 3630
W 0.1 |
5-9 Mo 0.1 11.3 1870 3870
Sb 0.1
5-10 Sb 0.5 10.2 2090 3710
Hf 0.5
W 0.5

15

20

(Example 6)

This Example was carried out on a rare earth transition

element oxide of Lao_gNd0.1C003.

First,

respective powder materials of La203, Nd203 and

00304_were weighed to obtain LaO.ZNdO.ICOOS semiconductive

ceramic materials.

weighed powder materials,

Additives shown in Tables 8 were added to the

- 18 -

which in turn were wet-blended for 16
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hours in ball mills employing nylon balls. Thereafter the powder
materials were dehydrated, dried and calcined at 1000°C for 2
hours.

Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elements.

Table 8 also shows results of respective electric
characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

Table 8
No. Additional | Content | Resistivity |B B
Element Constant Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K)
6-1 Zr 0.5 26.1 1870 3630
6-2 Sb 1 25.7 1720 3690
6-3 W 5 26:4 1910 3580
6-4 Si 1 24.0 1860 © 3540
Hf 1 ]
Zr 0.5 25.8 1780 3680
6-5
Mo 0.5
Ta 0.5

(Example 7)
This Example was carried out on a rare earth transition
element oxide of Lao.gcd0'1C003.

First, respective powder materials of Lay03z, Gd,03 and

- 19 - ——
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1, 2 and 3 were added to the pomdér materials, which in turn were
wel - bl ended for 16 hours in ball mlls enploylng nyl on baIIs Thereal ter

the powder materials were dehydrated, dried and cal ci nqdy T‘
hours. Referring to Table 1, aslerisked (*) anobunts ar ﬁ#ﬁgéﬁﬂﬁ of
t he .present invention. Thus obt ai ned cal ci ned powd t BERLACEDvwer e

pul verized by jet mlls. Binders were added to the powder naterlals, WHTCh
in turn were again wet-blended for 5 hours in ball mlls enploying nylon
bakFls, filtered, dried and thereafter pressure-nolded into the form of
di'sks. The di sks were fired I n the atnosphere at 1400[err] C for 2 hours, to

obtai n sintered bodies. . sur faces ntered b dies were
coated wi t H3a% &R H&&ﬁ Eytgc? EABri#aiaoa §°@& uctive

ceramic materials. Additives shown in Tables 8 were added to the
weighed powder materials, which_in turn were wet-blended for 18
hours in ball milis employing nylon balls. Thereafter the powder
S materials were dehydrated, dried and calcined at 1000°C for 2
hours.
Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elements.
Table 9 also shows results of respective electric
10 characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

Table 9
No. Additional | Content | Resistivity |B B
Element : Constant Constant
(-10°C) (140°C)
15 7-1 Sn 0.01 22.0 2010 3750
7-2 Ta 0.5 21.9 1960 3710
7-3 Ce 1 23.7 1840 3860
7-4 Zr 0.1 22.4 2020 3650
Mo 0.1
7-5 Zr 0.5 23.7 1970 3700
20
Te 0.5
Hf 0.5
- 20 -
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1000[err] C for 2 hours, to be provided with el ectrodes. NIC el enents were

t hus ‘obt ai ned. The NTC el enents were subjected to neasurenent of

el ectric characteristics of specific resistance values and B constants.
Tables 1 to 3 as well as Tables 4 to 9 described | ater show resistivity
values which were neasured at a tenperature of 25[er}C __Assuming that p(T)
and p(T[err]) represent resistivity values at tenpe dHﬂ?SHEET@ﬂS By [ |

respectively and In represents a natural |ogarithm jeach kEPLAREH ant vhi ch
I s“a constant show ng resistance change caused by tsﬁpe+a+u+e—égange_ S

defined as foll ows:

(Example 8)
This Example was carried out on a rare earth transition
element oxide of Lag ggY¥qg g1MnOsz.
First, respective powder materials of La203, Y203 and MnO
5 were weighed to obtain Lag gg¥g.1MnOz semiconductive ceramic
materials. Additives shown in Tables 8 were added to the weighed
powder materials, which in turn were wet-blended for 186 hours in
ball mills employing nylon balls. Thereafter the pdwder
materials were dehydrated, dried and calcined at 1000°C for 2
10 hours.
Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elements.
Table 10 also shows results of respective electric '
characteristics of thus obtained NTC elementé,'which were

15 measured similarly to Example 1.

_—
- 21 - This Sheet Has Been Rep
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B(T) = [Inp(T[err]) - Inp(T)/(2/T[err] -1/T) Tenperature change caused by

t he t'enperature increases with this val ue. Referring to Tables 1, 2 and

3, the B constants at -10 C and 140[err] C are defined as foll ows:

"B constant (-10[err]C) = [inp(-10[err]C) - Inp(25[err] Jé]{( 10 + 273.15)

_ 1/(25 + 273. 5)] | PEC fre weea.
REPLACED

Ta’ ie 10
No. Additionai Content |Resistivity |B B
Element Constant | Constant
(-10°C) (140°C)
(mol?%) (Q-cm) (K) (K)
8-1 Sn 5 20.8 2190 3970 -
8-2 Mo 1 21.5 2290 3860
5 8-3 W 0.5 19.7 2200 3900
8-4 Sb 0.5 20.1 2260 3840
Ta 0.5
8-5 Zr 1 20.6 2270 3820
Sb 1
Mo 1
10
Although the aforementioned Examples were carried out on
oxides of LaCoOz, LaCrOz, SmNiOz, NdNiOz and PrNiOgz
respectively, the present invention is also .applicable to other
15 rare earth transition element oxides, to attain similar effects.
Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention
20 being limited only by the terms of the appended claims.

Sheet Has Been Replaced - 22 -
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B constant (140[err]C) = [Inp(25[err]C) - Inp(l40[err]C/[1/(25 + 273.15) -

.1/ (140 + 273.5

energlzatl
-cont ai ni ng
‘was nmade b

and neasuri ng the ti me change of the sw tching power sg
power supply at a tenperature of 25[err]C Fig. 2 is a

]
nade on a sanple according to Exanple 1,
Bﬁﬂ f Zr. Fig. 1 shows the results_of the tesf Lch
iectl ng an NTC el enment to a sw t dhTHI§ $HE&ErHAS BEER

FIOS__l and 2 show results of a repetitive

ur Ce (RIEP[m’EtD upon

di agram showi ng rel ati on between the number of tinmes of the repetitive
energi zation test and resistance values at a tenperature of 25[err]C In

this repetitive gnSLHIﬁgb ﬂ? test, the

10

15

20

25

WHAT I

1. Semiconductive ceramics having negative temperature
coefficient of resistance, being mainly composed of an oxide of a
rare earth transition element excluding Ce and including Y, with
addition of at least one of Si, Zr, HF, Ta,.Sn, Sb, W, Mo, Te and

Ce.

2. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein
0.001 to 10 mole percent of said additive is added to said main

component.

3. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein
0.1 to 5 mole percent of said additive is added to said main

component.

4. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein
said rare earth transition element oxide is an oxide being
selected from a group of respective oxides of LaCoOs, LaCrOs,

LaMnOz, SmNiOgz, NdNi03 and PrNiOgz.

5. Semiconductive ceramics having negative temperature

cofficient of resistance in accordance with claim 4, wherein

- 23 ~
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NTC el enent was energized with a current for 1 mnute and thereafter the
_powver’ SEE?EEJMEiJJﬂJKKLLﬁi for 30 minutes to cool the element to 25[err]C
every cyc erstood fromFigs. 1 and 2, no characteristic
change wa luﬁag ‘aﬂ after 10000 cycles. Further, no NTC el enent was
br eken mh 3 200 A were continuously applled 1.0. 100 NTC '
el enent's.. Thus, it was conflrned that the inventive NIC {eTig SIHAG brer]
applicable to a heavy current. SES}%_Ei HAS BEEN
Table 1 No. Additional Elenent Content (nol% Resistiv:ty(LEPL@Cﬁpn) B
Constant (-10[err]C) B Constant (140[err]C) (K
(K)

said rare earth transition element oxide of LaCoO3 is

Lao . gNdO . 1C003 .

6. Semiconductive ceramics having negative temperature
5 cofficient of resistance in accordance with claim 4, wherein .
said rare earth transition element oxide of LaCoOS is

Lao . ngo . 1C003 .

7. Semiconductive ceramics having negative temperature
10 cofficient of resistance in accordance with claim 4, wherein

said rare earth transition element oxide of LaCoOs is

Lag ggYg.01€003-

8. Semiconductive ceramics having negative temperature
15 cofficient of resistance in accordance with claim 1, being

applied to an element for preventing a rush current.

9. Semiconductive ceramics having negative temperature
cofficient of resistance in accordance with claim 1, being

20 applied to an element for delaying motor starting.

__————// .
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1-1 Zr o* : 4.9

520 ° 1590 1-2 - zZr 0. 000*

8.4 890 2510 1-3 -

0. 001 11.1 1220 EH‘S SHEED2AS BEp |

Zr v 0.01 14.8 ' 1650REPLACED

3780 1-5 zr 0.1 1877

2150 4480 1-6 Zr 1

19:8 2620 4730 1-7 Zr

10* 13.6 1600 3290 1-8
. |

fggo ABSTRACT OF THE DISCLOSURE ' 790

Semiconductive ceramics having negative temperature
cofficient of resistance, which is mainly composed of an oxide of
a rare earth transition element excluding Ce and including Y,
5 with addition of at least one of Si, Zr, Hf, Ta, Sn, Sb, W, Mo, Te

and Ce.

-
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Table 2 No. Addti onal El enent Content (nol% Resistivity([err].cm
B Con'stant (-10[err]C) - B Constant *(140[err] C

(K)
17. 4

L

(Ky 1-9 Si 0.05
2010 4290 { ------

REPLACED

EEN

15—

10—

NUMBER OF HEAT CYCLES
1 CYCLE.
10000 CYCLES

CURRENT (A)

y
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Tabl e 2 (continued) No. Addtional Elenent Content (nol% Resistivity

E*[K;arr] cm B Const_anE Kg-’ s hﬁT HA%OQ?Na“ (140[err] C oot
16. 7. 1820 REPLACED 4580 RERALACEMENT SHEE®n
0.5 20.5 ' 2400 4680

‘ . 10 OCT 1996

TITLE OF THE INVENTION

Semiconductive Ceramics Having Negetive Temperature
Coefficient of Resistance |
BACKGROUND OF THE INVENTION _ -
Field of the Invention |

The present invention relates to semiconductive cecamics
having negative temperature cofficient of resistance.
Description of the Background Art

In general, an element for preventing an inrush current_is.
prepared from an element (NTC element) having negapive
temperature cofficient of resistance, whose electric resisﬁance
value decreases with a rise in temperature. This NTC element
suppresses an inrush current due to a high resistance value at
the room temperature, and thereafter increases in temperature
and decreases in resistance by self heating, to reduce power
consumption in a stationary state.

| In a switching power source, for example, an inrush current

flows at the instant when a switch is turned on, and hence the
sSO- called NTC element is employed for absorblng such an 1n1t1al
rush current. When the switch is turned on, therefore, the NTC
element sucpresses the inrush current. The NTC element
thereafter increases in temperature and decreases in resistance
by self heating, to reduce power consumption in a stationary
state.

When a toothed wheel of a gear which is so formed that

'l‘h:s Sheet Has Been Replaced
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1-12 sb 1 17.3 1970
2450 '1-13 Te 1 - 20, 2

T4 260 | T ) T SHEET
18. 4 2260 THIG SHEET HAS,BEEN | , . | REPLACEMENT §

5 17.5 REPLACED 2100 457 1
W 10* 16. 4 od0 OC5T Si)996
4320 1-17 Ce 10* 1¥.0

2090 4480

..2_
supply of lubricating oil is started upon starting of a motor is
immediately rotated at a high speed by the motor, the lubricating
0oil is so insufficiently_supplied that the toothed wheel may be
damaged. When a lapping machine which is employed for grinding a -
surface of ceramics by rotating a grindstone is rotated at a high
speed immediatgly upon starting of a driving motor, on the other
hand, the ceramics may bg cracked.

In order to solve each of the aforementioned problems, it is
necessary to delay the starting of the motor for a constant.
period. The NTC element is employed as an element for delaying
the starting of the motor in such a manher.

| The NTC element reduces a terminal voltage of the motor in
starting, whereby it is possible to delay the starting of the
motor. Thereafter the NTC element increases in temperature and
decreases in resistance by self heating, so that the motor is
normally rotated in a stationary state.

The aforementioned element for preventing an inrush currént
or delaying motor starting is generally formed by an NTC eiement
which is prepared from a transition metal oxide having a spinel
structure.

However? the conventional NTC element has such a
disadvantage that the rate of reduction in resistance {(constant
B) caused by a temperature rise cannot be more than 3200K.
Therefore, the resistance value of the NTC element cannot be

sufficiently reduced in a high-temperature state, and hence
K
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Table 3 No. Addi ti onal Content (nol% Resi sti vigty—tt+err4—et
Constant (-10[err]C) B Cons -t--ant——é—iﬂﬁfeﬁﬁ EEMMENT §HEET
(K)® (K)  1-|1BHIS SHEET ggjsz :

19. 6 - 2280 REPLA 4230

0.05 1-19 Zr T 18. 3 10 OCT 1996 MP
2570 4550 Sn 05120

Zr - 0. 05 —3-17.8 2130

4510

power consumption inevitably increases in a stationary state.
When the NTC element is in the form of a disk, for example, the
resistance value in a high-temperature can be sufficiently
reduced by enlarging its diameter or making its thickness
thinner. However, such a countermeasure is contradictory to
requirement for miniaturization of an electronic component.
Further, there are limits to thinning to satisby the strength.

In relation to an improvement in this point, known is a
multilayer NTC element which is prepared by stacking a plurality
of ceramics layers with interposition of a plurality of internal
electrodes and forming a pair of external electrodes on side
surfaces of the laminate for alternately electrically connecting
the internal electrodes with the pair of external electrodes.

However, the internal electrodes which are opposed to each
other are so close to each other that the multilayer NTC element
may be broken by a current exceeding several amperes.

The inventors have made various composition experiments and
practical tests to deeply study materials showing negaiive
temperature cofficient of resistance, and noted oxides of rare
earth transition elements. The rare earth transition element
oxides have such characteristics that B constants increase and
specific resistance decrease with temperature rises. Such
characteristics are described in literature (Phys. Rev. BB, [3]
1021 (1972)) by V. G. Bhide and D. S. Rajoria.

Although these rare earth transition element oxides exhibit

_—
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0.5 (Exanple 2)
10 OCT 1996

small resistance value at a high temperature as compared with the
conventional transitional metal oxides having a spinel
structure, the same exhibit small B constant, with no provision
of practical and meritorious effects.

SUMMARY OF THE INVENTION

The present invention has been proposed in'order to solve
the aforementioned problems, and an object thereof is to provide
semiconductive ceramics having negative temperature cofficient
of resistance with low resistivity and a high B constant in a
stationary state, to enable feeding of a heavy current.

Provided‘according to the present invention is
semiconductive ceramics having negative temperature cofficient
6f-resistance, which is maihly composed of an oxide of a rare
earth transition element excluding Ce and including Y, with
addition of at least one of Si, Zr, Hf, Ta, Sn, Sb, W, Mo, Te and
Ce.

The rare earth transition element oxide, such as LaCoOz or
SmNiOs, is not restricted in particular. LaCoOs exhibits such
practical characteristics that its B constant extremely
increases with a temperature rise, with small resistivity at the
room temperature. Among rare earth elements, Ce is excluded
since it is difficult to obtain an oxide with a transition metal.
On the other hand, Y is included in the group of rare earth
elements in the present invention since this element can attain

characteristics and effects which are similar to those of the

- \_
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SmiMi q err]
fol |l owi ng nmanner Respective poderyRﬁﬂﬂﬁﬁﬂals 0 Sn{err]uhg e

wei ghed so that Smwas at a noTe ratio of 0.95 to N . Addi L@WMHEET
Tabl e 4 were added to the wei ghed powder materials, whidh |n turn Wer €

wet - bl ended for 16 hours in ball mlls emgl-oyi ng nyl on RQalfl ?§
1t 1 er??

Thi§ Exanpl e was carried out nsition el ement oxide of
i : First, S/NiJ ¢ Hrs §8€ﬁ%§mﬁa@‘{%s wer e prepared in the

t he powder

Exanpie 1

materials were dehydrated, dried and cal ci neq Dr | 2
Then, the cal cined powder materials were treate aru.la.., 6
to obtain NTC el enents. Table 4 al so showd _results of

respective £ ectrr C rrstrcs of thus obtained NTC el énents, which
B B3REL TS

" were neas-

§tea & 'm B@mﬂel
Accordlng to the present invention, preferably 0.001 to 10

mole percent, more preferably 0.1 to 5 mole percent of the
aforementioned additive is added to the main component.

It is possible to obtain a high B constant by adding at
least 0.001 mole percent of at least one of Si, Zr, Hf, Ta, Sn,
Sb, W, Mo, Te and Ce to the main component of a rare earth
transition element.oxide, since the resistance value at a room
temperature can be increased witb maintaining low resistance
value at a high temperature. If the content of the additive
exceeds 10 mole percent, hbwever, the B constant at a high
temperature is reduced below that of an NTC element which is
composed of a transition metal oxide having a spinel structure.
Therefore, the content of the additive is preferably set in a
range of 0.001 to 10 mole percent.

As to the rare earth transition element oxide, the mole
ratio of a rare earth element to a transition element is not
restricted to 1:1 but may be varied. Even if the mole ratio is
varied within a range of 0.8 to 1.1, it is poséible to obtain a B
constant which is substantially identical to that obtained at
the mole rafio of 1:1. If the mole ratio is less than 0.6 or in
excess of 1.1, however, power consumption in a stationary state
so increases that the semiconductive ceramics cannot be applied
to a circuit which is supplied with a heavy current, since the

resistance value will not decrease upon a temperature rise.
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Table , 4 No. Addi tional El nt-ent 199 Refl cim
‘B Constant (K) B Constant (- g‘!ﬁé SHéﬁ HAS BE\EN ﬁé?LXbéMEM %IHEET
) (140[ err]CQ (K) 3-1 Zr__ REPLACED 0. 05 14.8
2240 3920 3-2 Vb - 100 QT 1996
14.0 2340 3870 3-3 Sh 1
13.8 2290 3790 .3.4 H 1
12. 1 2150 8740

As hereinabove described, the inventive semiconductive
ceramics having negative temperature cofficient of resistance is
composed of a rare earth transition element oxide with addition
of a prescribed element, whereby it is possible to obtain an
element having a high B constant at a high temperature, since the-
resistance value at a room temperature can be increased with
maintaining low resistance value at a high temperature.
Therefore, it is possible to sufficiently reduce a resistance
value in a temperature rise state for reducing power consumption
in a stationary state, so that the element can be applied to a
circuit which is supplied with a heavy current.

. Thus, the semiconductive ceramics according to the present
invention is applicable to an NTC element for preventing an
inrush current in a switching power source which is supplied with
a heavy current, or that for delaying motor starting.

While the semiconductive ceramics having negative
temperature cofficient of resistance according to the present
invention is applied to an element for preventing a rush current
or that for delaying motor starting, the present invention is not
restricted to such application.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more apparent
from the following detailed description of the present invention
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF '.I‘HE DRAWINGS _
-
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Fig. 1 is a characteristic diagram showing results of a test
which was made by series-connecting an NTC element to a switching
power source and measuring time change of a switching power
source current upon power supply at a temperature of'25°C; and

Fig. 2 is a characteristic diagram showing relation between -
the number of times of a repetitive energization test and
resistance values at a temperature of 25°C.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(Exémple 1)

This Example was carried out on a rare earth transition
element oxide of LaCoOgz.

First, LaC003 powder materials were prepared in the
following manner: Respective pqwder materials of C0304 and
Lay,05 were weighed so that La was at a mole ratio of 0.95 to Co.
Prescribed amounts of additives shown in Tables 1, 2 and 3 were
added to the powder matérials, which in turn were wet-blended for
16 hours in ball mills employing nylon balls. Thereaftef the
powder materials were dehydrated, dried and calcined at 1000°C
for 2 hours. Referring to Table 1, asterisked (%) amounts are
out of the scope of the present invention.

Thus obtained calcined powder materials were pulverized by
jet mills. Binders were added to the powder materials, which in
turn were again wet-blended for 5 hours in ball mills employing
nylon balls, filtered, dried and thereafter pressure-molded into

the form of disks. The disks were fired in the atmosphere at
S
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Resistivity ([err].cn) B Constar ‘TH("é\)SHEETI:hAé)rBQE@Wt (- 1(T[ STl ROEMENT SHEET
: REPLACED

10 OCT 1996

1400°C for 2 hours, to obtain sintered bodies. Both major
surfaces of the sintered bodies were coated with platinum paste
by screen printing, and baked at 1000°C for 2 hours, to be
provided with electrodes. NTC elements were thus obtained.

The NTC elements were subjected to measurement of electric
characteristics of specific resistance values and B constants.
Tables 1 to 3 as well as Tables 4 to 10 described later show
resistivity values which were measured at a temperature of 25°C.
Assuming that p(T) and p(TO) represent resistivity values at
temperatures T and T respectively and In represents a natural .
logarithm, each B constant, which is a constant showing |
resistance change caused by temperature change, is defined as
follows:

B(T) = [Inp(Tg) - Inp(T)1/(1/Tg ~ 1/T)

Temperature change caused by the temperatﬁre_increases with this
value.

Referring to Tables 1, 2 and 3, the B constants at ~10°C and
140°C are defined as follows:

B constant (~10°C) = [Inb(—10°C) - Inp(25°C)]/[1/(-10 +
273.15) - 1/(25 + 273.5)] '

B consfant (140°C) = [Inp(25°C) ~ Inp(140°C)]/[1/(25 +
2%3.15) - 1/(140 + 273.5)1]

Figs. 1 and 2 show results of a repetitive eneprgization test.
which was made on a sample according to Example 1, containing 1
mole percent of Zr. Fig. 1 shows the results of the test which _

e
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(140[err]C) (K 3-5 Ta 0.5 143
2230

15.0
12.9
3-8

3620
12.0

20903800 3-6 § Q[ 0} L’REPLACEMENT SHEET
THIS ggﬂ, HAS7BEEN S ¢ 5
2410 C .
Zr 0. 45 ACED i 10,857 19% q°
Ta 0.05 3-9 Sn 11
2220 . 3899 -

was made by series-connecting an NTC element to a switching power
source and measuring time change of a switching power source
current upon power supply at a temperature of 25°C. Fig. 2 is a
characteristic diagram showing relation between the number of
times of the repetitive energization test and resistance values
at a temperature of 25°C. In this repefitive energization test,
the NTC element was energized with a current for 1 minute and
thereafter the power source was turned off for 30 minutes to cool
the element to 25°C every cycle. As clearly understood from
Figs. 1 and 2, no characteristic change was recognized even after
10000 cycles. Further, no NTC element was broken when currents
of 200 A were continuously applied to 100 NTC elements. Thus, it
was confirmed that the inventive NTC element is applicable to a

heavy current.
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Table 1
No. | Additional | Content | Resistivity |B B
Element : Constant Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K)
1-1 Zr 0 = 4.9 520 1590
1-2 Zr 0.0005= 8.4 890 2510
1-3 Zr 0.001 11.1 1220 3020
1-4 Zr 0.01 14.8 1650 3780
1-5 Zr 0.1 18.7 2150 4480
1-6 Zr 1 19.8 2620 4730
1-7 Zr 10 - 13.6 1600 3290
1-8 Zr 20+ 4.7 790 1790
Table 2
No. |Addtional Content { Resistivity |B " |B
Element Constant Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K)
1-9 Si 0.05 17.4 2010 4290
0 1-10 Mo 0.05 16.7 1820 4580
1-11 Sn 0.5 20.5 2400 4680
1-12 Sb 1 17.3 1970 4450
1-13 Te 1 20.2 2630 4530
1-14 HF 5 18.4 2280 4310
1-15 ‘Ta 5 17.5 2100 4570
1-186 W 10 16.4 1880 - 4320
1-17 Ce 10 17.0 2090 - 4480

~ This Sheet Has Been Replaced

i




Firsl,.hUNiC{err] powder materi al s-were—prepared.in the f
Respective powder materials of Nd[jetHP BREET] HASBEEND wer e V\BEWMENTtS}EEET

Nd was at a nole ratio of 0.95 to |Ni. AMPLAGB@S shoyn in pd
to the wei ghed powder materials, wiarTh T tm nwm—c—\jwet b e deg @é iﬁ?
hours in ball mlls enploying nyloh balls. Thereafter the}{p¢wd p T éﬂs
wer e dehydrated, dried and calcinei at 1000[err]C for 2 hgu he
cal ci ned powder materials were tre fed simlarly to Exanplie 1, to obtain
NTC el enent s. Table 5 al so shows results of respective*eteetrt+e
characteristics of the obtained NTC el ements, which were nmeas- ured
simlarly to Exanple 1. Table 3
No. Additional | Content |Resistivity |B B
- | Element Constant | Constant
, (-10°C) (140°C)
(molA) (Q-cm) (K) (K)
1-18 Zr 0.05 19.6 2280 4230
Mo 0.05
1-18 Zr 1 18.3. 2570 4550
Sn 0.5
1-20 Zr Q.05 17.8 . 2130 4510
\
Sn 0.05
W 0.05
1-21 Zr 1 16.2 24860 4290
Mo 0.5
Ce 0.5

(Example 2)

This Example was carried out on a rare earth transition
element oxide of LaCrOgz.

First, LaCrOz powder materials were prepared in the
following manner: Respective powder materials of La203 and
Cr,03 were weighed so that Co was at a mole ratio of 0.85 to Cr.
Additives éhown in Table 4 were added to the weighed powder
materials, which in turn were wet-blended for 16 hours in ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined at 1000°C for 2 hours.

Then, the calcined powder materials were treated similarly

- This Sheet Has Been Replaced
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Table 5 No.

Addi ti onal El emerng—=Content—{nnl %
Constant (-10 C) B Constant (140{I8SHEEY HAS BEEN
(K) 4-1 Si ORBPLACED
3860 4-2 Zr 05
3790 4-3 Mo 5
3910 4-4 Sn S 12 -
3730 4-5 Sb 1
3850

to Example 1,

to obtain NTC elements.

- Resistivity ([err].

cm

24. 3

REPLACEMENT SHEgfs

24.
25. 8
24. 1]

10 OCT 1996
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Table 4 also shows results of respective electric

characteristics of the as-obtained NTC elements, which were

measured similarly to Example 1.

"Table 4
No. Additional | Content | Resistivity |B B
Element Constant | Constant
wo1x) | @em | T | MET
2-1 Zr 1 19.1 2670 4060
2-2 Mo 1 20.0 2710 4320
- Sb 1 18.9 2430 4070
- Hf 0.5 16.8 2810 4150
2-5 Ta 0.5 18.3 2420 4270 .
-~ Ce 0.5 20.0 2580 4010
2-7 Sb 1 18.2 2530 3970
Hf 1
2-8 Zr .05 17.0 2680 4190
Ta 0.1
2-9 Sn 0.5 16.1 2420 3870
Ce 0.5
2-10 Si 0.05 17.3 2700 4260
Mo 0.05
W 0.1

(Example 3)

This Example was carried out on a rare earth transition
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4-6 Ce

3930 4-7 S
3710 Sn
25. 4 1990
0.5 4-9 b
3860 Ta
24. 6 2080

[

HIS SHEET HAS BEENY-

REPHAGED

3790
0.5
-10.6 4-10
3900

element oxide of SmNi03.

First,

following manner:

25.9

Zr

24.

Z-

2240

2120

B

RERWACEMENT SHEET

s)

10 OCT 1996 P
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SmNiOgz powder_materials were prepared in the

were weighed so that Sm was at a mole ratio of 0.95 to Ni.

Additives shown in Tables 5 were added to the weighed powder

Respective powder materials of Smy0z and NiO

materials, which in turn were wet-blended for 16 hours in ball

mills employing nylon balls.

Thereafter the powder materials

were dehydrated, dried and calcined at 1000°C for 2 hours.

Then,

to Example 1,

to obtain NTC elements.

Table 5 also shows results of respective electric

characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

-
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Table 5
No. | Additional | Content |Resistivity |B B
Element Constant | Constant
| (mol%) (Q-cm) (—(llé))"C) (14(?:)(:)
3-1 Zr 0.05 14.8 2240 3920
3-2 Mo 0.05 14.0 2340 3870
3-3 Sb 1 13.8 2290 3790
3-4 HE | 1 12.1 2150 3740
3-5 Ta 0.5 14.3 2230 3800
3-6 W 0.5 15.0 2090 3750
3-7 Sb 0.5 12.9 2410 3930
. Ce 0.5 '

3-8 Zr 0.05 14.3 2060 3620

Ta 0.05 .
3-9 Sn 1 12.0 2220 3890

W 1
3-10 Si 0.1 13.7 2390 3980

Mo 0.1

W 0.1

(Example 4)
' This Example was carried out on a rare earth transition
element oxide of NAdNiOjz.

First, NdN103 powder materials were prepared in the
following manner: Respective powder materials of Nd203 and NiO
were weighed so that Nd was at a mole ratio of 0.95 to Ni.

-
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Additives shown in Tables 6 were added to the weighed powder
materials, which in turn were'wet—blended for 16 hours in ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined at 1000°C for 2 hours.

Then, the calcined powder materials were treated similarl&
to Example 1, to obtain NTC elements.

Table 8 also shows results of respective electric
characteristics of the obtained NTC elements, which were

measured similarly to Example 1.

—
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(Exampl e 4) Thi s Exanpl e was c e partir-transiton
el ement oxide of PrNiQerr]. ﬂ'"s ISHEE OHAS BERNo b ef "RRRLACEMENT GHEET
prepared in the foll owi ng manner: R spectRHﬁAﬁEﬂder n1ter|als oT

Pr[err]P[err] and Ni O were wei ghed so that Pr was al a nplp
to Ni. Additives shown in Table 6 were added to the wei ghe
materials, which in turn were wet-bl-ergled for 16 hours i
enpl oying nylon balls. Thereafter the powder naterials were dehydrat ed,

dried and calcined at 1000[err]C for 2 hours. Then, The carcrmnedpowder
materials were treated simlarly to Exanple 1, to obtain NTC el enents.
Table 6
No. |Additional | Content | Resistivity |B B
Element Constant | Constant
(mol%) (Q-cm) (]ﬁ?;C) (lé?;C)_
4-1 Si 0.5 24.3 2030 3860
4-2 Zr 0.5 24.0 2170 3790
- 4-3 Mo 5 25.8 2100 3910
4-4 Sn 5 24.1 2080 3730
4-5 Sb 1 23.6 2160 3850
4-86 Ce 1, 22.6 2240 3830
4-7 Si 1 25.9 2120 3710
Sn 1
4-8 Zr 0.5 25.4 1990 3790
. W 0.5
4-9 Mo 0.5 24.3 1970 3860
Ta 0.5
4-10 r 0.1 24.6 2080 3800
Sn 0.1
Ta 0.1

(Example 5)
This Example was carried out on a rare earth transition
element. oxide of PrNiOgs.
First, PrNiOs powder materials were prepared in the
! following manner: _Respective powder materials of ErsPll and NiO
were weighed so that Pr was at a mole ratio of 0.85 to Ni.

Additives shown in Tables 7 were added to the weighed powder
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Tabl e 6 al so shows results of respective electric chara
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obt ai ned NTC el enents, which wergq Hbaa riy t
Table 6 No. Additional El enent %*W&;t'{' esi st
B Constant (- B Constant (140[err](3 REPLACED

10[ err] C) (K (K 5-1 7r 1p OCT 9%
10. 6 1960 47, 3650 5-2 L %
1 9.8 5100 3590

materials, which in turn were wet-blended for 186 hours in ball
mills employing nylon balls. Thereafter the powder materials
were dehydrated, dried and calcined at 1000°C for 2 hours.

Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elementé.

Table 7 also shows results of respective electric
characteristics of the obtained NTC elements, which were

measured similarly to Example-1l.
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_ Sb 11.6 2060
3710 5-4 Te IS GHEET HAS BEEN\ 85
1980 3690 5-5 REPLACED REPIGEEMENT SHEET
10. 3 2030 - 3740 b5-6 W
0. 05 12.0 2210 38
Zr 1 189 7 2120 128 OéT a996
3640 Hf 1 5-8 Ir
0.5 9.6 1990 . 3630
W 0.1
Table 7
No. Additional | Content | Resistivity |B B
Element Constant | Constant
(-10°C) (140°C)
(mol%) (Q-cm) (K) (K)
5-1 Zr 1 10.6 1960 3650
5-2 Mo 1 9.8 2100 3590
5-3° Sb 0.5 11.6 2060 3710
5-4 Te 0.5 8.9 1980 3690
5-5 Ta 0.05 10.3 2030 3740
5-86 W 0.05 12.0 2210 3820
5-7 Zr _ 1 9.7 2120 3640
HF 1 |
5-8 Zr 0.5 9.6 1990 3630
W 0.1 _
5-9 Mo 0.1 11.3 1870 3670
~ Sb 0.1
5-10 Sb 0.5 10.2 I 2090 3710
Hf 0.5
W 0.5
(Example 6)
This Example was carried out on a rare earth transition
element oxide of Lao.gNdo.1C003.
First, respective powder materials of Lajy0g, Nd,04< and
C0304_were weighed to obtain Lao_sz0.1C003 semiconductive
cerami§ materials. Additives shown in Tables 8 were added to the
weighed powder materials, which in turn were wet-blended for 16
-
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hours in ball mills employing nylon balls. Thereafter the powder

materials were dehydrated, dried and calcined at 1000°C for 2

hours.
Then, the calcined powder materials were treated similarly

to Example i, to obtéin NTC elements. |
Table 8 also shows results of respective electric

characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

Table 8
No. Additional | Content | Resistivity |B B
‘Element Constant | Constant
(-10°C) (140°C)
6-1 Zr 0.5 26.1 1870 3630
6-2 Sb 1 25.7 1720 3690
6-3 W 5 26.4 1810 35680
6-4 Si 1 24.0 1860 3540
Hf 1
Zr 0.5 25.6 17380 3680
6-5
Mo 0.5
Ta 0.5

(Example 7)
This Example was carried out on a rare earth transition
element oxide of Lao_ng0'1C003.

First, respective powder materials of Lay0sz, Gd203 and
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Lalerr]derr], Nd[err](Jerr] an e weighed to o i n
La[err]Nd[err] Coderr] sem con- terigls. A@i@i&%ég%hmm
in-Table 7 were added to the wei igh in turn weré
wet - bl ended for 16 hours in ball mld ggenpl oying nylon balls. Thereafter
the powder materials were dehydrated, dried and cal ci ned
2 hours. Then, the cal cined powder materials were treated simlarly to
Exanpl e 1, tF obtain NTC el enent s: Table 7 al so shows results of
respective cel.eGt WeeeChaigRbaAr t&tdSSa Dl It |l NERiglrimdtsivenhi ch
were nmeas- ufre sim'larl%to Exanpl e 1. éHJ'SQGHE'al =
ceramic materials. Additives shown in Tables 8 were added to the

weighed powder materials, which in turn were wet-blended for 186
hours in ball mills employing nylon balls. Thereafter the powder
materials were dehydrated, dried and calcined at 1000°C for 2 .
hours.

Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elements.

Table 9.also shows results of respective electric
characteristics of thus obtained NTC elements, which were

measured similarly to Example 1.

Table 8
No. |Additional | Content | Resistivity |B B
Element Constant | Constant
: (-10°C) (140°C)
(molZ%) (Q-cm) (K) (K)
7-1 Sn 0.01 22.0 2010 3750
7-2 Ta 0.5 21.9 1860 3710
7-3 Ce 1 23.7 1840 3860
7-4 Zr 0.1 22.4 2020 3650
Mo 0.1
7-5 ir 0.5 23.7 © 1970 3700
Te 0.5
Hf 0.5
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Tabie 7 No. Additional Element _Content (o] ng Resistivity ([err]. cn')

B Constant (-10[err]C) B Const AmHis SHﬁTeH%CB EN REP K) .
(K) Zr REFLACED 16 °E LACEMENT SHEET
1870 3630 6-2 Sb690 . :

25.7 1720 3 -

5 26. 4 _p - 1910 _3@900CT 1996

(Example 8)

This Example was carried out on a rare earth transition
element oxide of Lag ggY¥p.gi1MnOz.

First, respective powder materials of Las03, Y203 and MnO
were weighed to obtain Lao_ggYo_IMnOS semiconductive ceramic
materials. Additives shown in Tables 8 were added to the weighed
powder materials, which ih turn were wet-blended for 16 hours in
ball mills employing nylon balls. Thereafter the powder
materials were dehydrated, dried and calcined at 1000°C for 2
hours.

Then, the calcined powder materials were treated similarly
to Example 1, to obtain NTC elements.

Table 10 also shows results of respective electric
characteristics of thus obtained NTC elementé, which were

measured similarly to Example 1.

_—
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Ta’ ie 10
No. Additional | Content | Resistivity |B B
Element Constant | Constant
: (-10°C) (140°C)
{(mol%) (Q-cm) (K) (K)
8-1 Sn 5 20.6 2190 3970
8-2 Mo 1 21.5 2290 3860
8-3. W 0.5 19.7 2200 3900
8-4 Sb 0.5 20.1 2260 3840
Ta 0.5
8-5 Zr 1 20.6 2270 3820
Sb 1
Mo 1

Although the aforementioned Examples were carried out on
oxides of LaCoO3, LaCrOs, SmNiOs, NdNiOS and PrNiOs
respectively, the present invention is also applicable to other
fare earth transition element oxides, to attain similar effects.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is nof to be taken by
way of limitation, the spirit and scope of the present invention

being limited only by the terms of the appended claims.

—_—
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7 (continued) No.
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1860 3540
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WHAT IS CLAIMED IS:

1. Semiconductive ceramics having negative temperature
coefficient of resistance, being.mainly composed of an oxide of a -
rare earth transition elemenf excluding Ce and including Y, with_
addition of at least one of Si, Zr, Hf, Ta,.Sn, Sb, W, Mo, Te and

Ce.

2. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein
0.001 to 10 mole percent of said additive is added to said main

component.

3. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein

0.1 to 5 mole percent of said additive is added to said main

component.

4. Semiconductive céramics having negative temperature
coefficient of resistance in accordance with claim 1, wherein
said rare earth transition element oxide is an oxide being
selected from a group of respective oxides of LaCoOs, LaCrOs,

LaMnO5, SmNiOz, NdNiOz and PrNiO;.

5. Semiconductive ceramics having negative temperature

cofficient of resistance in accordance with claim 4, wherein

- This Sheet Has Been Replace
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said rare earth transition element oxide of La0003 is

Lao . gNdo . 1C003 .

8. Semiconductive ceramics having negative temperature
cofficient of resistance in accordance with claim 4, wherein
said rare earth transition element oxide of LaCoOs is

Lao . gcdo . 1C003 .

7. Semiconductive ceramics having negative temperature
cofficient of resistance in accordance with claim 4, wherein

said rare earth transition element oxide of LaCoOs-is

Lag gg¥g.01C003-

8. Semiconductive ceramics having negative temperature
cofficient of resistance in accordance with claim 1, being

applied to an element for preventing a rush current.

9. Semiconductive ceramics having negative temperature
cofficient of resistance in accordance with claim 1, being

applied to an element for delaying motor starting.

____?____________-_
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Thi s Exanpl e was carried out'{ ?QH%EP H%VBEEN ansition
La[err]Gd[err]CoQerr]. irs S tlve owder ma |
Lalerr](Jerr], Gd[err]O[err] land (‘:BF'NWCLU, T were Wei JeRErffo\EEM NL.SﬁEET
La[err]Gd[err]CDC{err] sem con- ductive ceramc nmaterials Addltlves sh
in Table 8 were added to the wei ghed powder materials, ph|chl @RGP} e
wet - bl ended for 16 hours in ball ngls enploying nylon pa ls. Thereafter
the powder materials were dehydrated, dried and cal ci negd al.1000[err]C fo
2 hours. Then, tSEMICQ D 0ETTVOWWER A NBC S rH AVEN GveNESG A !
Exanpl e 1, to obtai TEVIRERAGURE €OEFFICTEMTeOB RESISTANGES resul ts of
respective electric characteristics of thus obtai ned NTC el enents, which
were nmeas- ured simlarly to Exanple 1.

'ABSTRACT OF THE DISCLOSURE

Semiconductive ceramics having negative temperature
cofficient of resistance, which is mainly composed of an oxide of’
a rare earth transition element excluding Ce and including Y,
with addition of at least one of Si, Zr, Hf, Ta, Sn, Sb, W, Mb, Te

and Ce.

FIGURE 1

heet Has Been Replaced '
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Table 8 No.

Addi tional El enent. thmn QT'% Resi stipiy—tfertdcm..

Constant (-10[err]C)

(K)
22.0

0.5
Ce

3860 7-4
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CURRENT (A)
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23, i 1840
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3650
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Uiz yel

Fﬂﬁst,'respective powder materials of La[err r], Y[err]Qerr] and MO
conduc- t|ve ceranm c

wer e wel ' alerr] Yl e %\E 3l )
ator o < ETAMMREURE L & 1P Geaeiorma, “SE)hour 2%

enpl oyi ng hyl bn bal s.° Thereaftle materi al s
dried and:cal cined at 1000[err]C for 2 hours. Then,
materials were treated simlarly to Exagple 1, to obtai

Table 9 Eh;gnéﬂgms results of respective electric charagteris
obt ai ned *enents, which were neas- ured simlarly

1. Semiconductive ceramics having negative temperature
coefficient of resistance, being mainly composed of an oxide
which contains as main ingredients a rare earth material of the .
group IITa excluding Ce and including ¥ and a transition:

element excluding Cr, with addition of at least one of S§i, z;—_,"

Ta and Ce in a 0.001 to S mole percent.

2. Semiconductive ceramics having negative temperature
coefficient of resistance, _being mainly composed of an oxide
which contains as main ingredients a rare earth material of the
group IXIa excluding Ce and including ¥ and a transition
element excltiding Cr, with addition of at least one of Sn, Sb,
W, Mo or Te in a range of 0.001 to 5 mole percent.,

3. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1 or . 2,
wherein said oxide is at least one selected <from LaCoo3 '

LaMnO3, SmNiOj3, NdNiQs and PrNiOi.

4. Semz.conduct::.ve ceramics having negative temperature
coefficient. of resistance in accordance with c¢claim 1 or 2,

wherein 0.1 to 5 mole percent of said additive is added to said
main component o ' .

5. Semiconductive <ceramics having negative temperature
.coefficient resistance in accordance with claim 3, wherein said
oxide of LaCo0; is Lag _gNdg 3C00j3.

6. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 3, wherein

said oxide of LaCo0O5 is Lag, gGdg, 1C003.

7. Semiconductive ceramics having negative temperature

-_
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crefficient of resistance in accordance with claim 3, wher air
said oxide of LaCoO3 is La0_99Y0.01CoO3.

§.  Semiconductive ceramics having negative temperature
ccefficient of resistance in accordance with claim 1 or 2,
bing applied to an element for preventing a rush current.

9. Semiconductive ceramics having negative temperature
coefficient of resistance in accordance with claim 1 or 2,
being applied to an element for delaying motor starting.

This Sheet Has Been Replaced

ATRAR




Mo F/27~8&

RI%PLACENEW SHEET
T REPLACEMENT SHEET

-1- ' 17 NOV 1998

~ SEMICONDUCTIVE CERAMICS HAVING NEGATIVE TEMPERATURE
COEFFICIENT OF RESISTANCE :

Description

The present invention relates to semiconductive ceramics having negative lemperature cofficient of resistance.

Ingeneral, an element for preventing an inrush current is prepared from an element (NTC element) having negative
temperature colfficient of resistance, whose aleclric resislance value decreases with a rise in temperature, This NTC
element suppresses an inrush current due to a high resistance value at the room temperature, and therealter increases
in temperature and decreases in rasistance by self healting, 1o reduce power consumptlion in a stationary stale.

In a switching power source, for example, an inrush current flows at the instant when a switch is turned on, and
henca the so-called NTC element is employed for absorbing such an initial rush current. When the swilch is turned on,
therelore, the NTC element suppresses the inrush current. The NTC element thereafter increases in temperature and
decreases in resistance by sell healing, to reduce power consumption in a stationary state.

When a toothed wheel of a gear which is so formed that supply of lubricating oil is started upon slarting of a motor
is immediately rotated at a high speed by the molor, the lubricating oil is so insufficiently supplied that the toothed
wheel may be damaged. When a lapping machine which is employed lor grinding a surface of ceramics by rolating a
grindstone is rotated at a high speed immediately upon starting of a driving motor, on the other hand, the ceramics
may be cracked.

In order 1o solve each of the aloremennoned problems, it is necessary to delay the stamng of the motor for a
constant pericd. The NTC element is employed as an element for delaying the starting of the motor in such a manner,

The NTC element reduces a terminal voltage of the motor in starting, whereby it is possible 1o delay the starting
of the motor. Thereafter the NTC element increases in temperature and decreases in resistance by self heating, so
that the motor is normally rotated in a stationary state.

The aforementioned element for preventing an inrush current or delaymg motor starting is generally formed by an
NTC element which is prepared from a transition metal oxide having a spinel structure.

However, the conventional NTC element has such a disadvantage that the rate of reduction in resistance (constant
B) caused by a temperature rise cannot be more than 3200K. Therelore, the resistance value of the NTC element
cannot be sulfficiently reduced in a high-temperature state, and hence power consumption inevitably increases in a
stationary state. When the NTC element is in the form of a disk, for example, the resistance value in a high-temperature
can be sufficiently reduced by enlarging its diameter or making its thickness thinner. However, such a countermeasure
is contradictory to requirement for miniaturization of an electronic component. Further, there are limits to thinning to
salisfy the strength.

" In relation to an improvement in this point, known is a multilayer NTC element which is prepared by stacking.a
plurality of ceramics layers with interposition of a pluralily of intemal electrodes and forming a pair of extemal electrodes
on side surfaces of the laminate for alternately electrically connecting the intemal electrodes with the pair oi external
electrodes.

However, the intemal electrodes which are opposed to each cther are so close 10 each other that the multilayer
NTC element may be broken by a current exceeding several amperes.

The inventors have made various composition experiments and practical tests to deaply study materials showing
negative temperature cofficient of resistance, and noled oxides of rare earth transition elements. The rare earth tran-

~ . sition element oxides have such characleristics that B constants increase and specific resistance decrease with tem-
perature rises. Such characteristics are described in Ineralure {Phys. Rev. B6, [3] 1021 (1972)) by V. G. Bhide and D.
S. Rajoria.

Although these rare earth transition element oxides exhibit small resistance value at a high temperature as com-
pared with the conventional transitional metal oxides having a spinel structure, the same exhibit small Bconstant, with
no provision of practical and meritorious effects.

US-A-4,013,592 relates to a high temperature thermistor composition which comprises a spinel-type MgAl,04 and
perovskite-type LaCrOj; or (La,Sr)CrO,. The composition is usable for the temperature range from 400°C to 600°C.
Further, a high temperature themmistor composition is disclosed which comprises spinel-type solid solution Mg(Al,
Cn)20, and perovskite-lype solid solution (La,Sr)CrO5 or LaCrO,. Sucha composmon is usable for a higher temperature
range of up to 1000°C.

EP-A-0623569 relates 10 a ceramic composition for a thermistor element. The composition is used for a thermistor
exhibiting a stable resistance value over a wide temperature range and is capable of being used for a prolonged time.
The composition is represented by the formula (MIM20,),., - MAIO,), wherein M1 is an element selected from the
elements of the group 3A excluding La and M2 is an element of the groups 4A, 5A, 8A, 7A and 8. The composilion
may be YCth 1o which 1 weight percent SiO, is added.

EP-A-0626356 concerns a ceramic composition of the formula (M? ., - N1 P24y - N2, . Al,YO3 where M! is one
or more selected from the group 3A elements of the periodic table excluding La, N! is one or more selacted from the
group 2A alements of the periodic table, P2 is one or more selected from the elements from the groups 4A, 5A, 6A, 7A
and 8 of the periodic lable whose oxides exhibit p-characteristics, and N2 is one or more selected from the alements
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of the groups 4A, 5A, 6A, 7A and 8 whose oxidas axhibit n-characteristics. The composition may be Y(Crq gFag 2Al, 5)
O, to which SIO, is added.

JP-A-56125803 concems a thermistor having a ceramic resistanca body consisting of LaCoy.,V,0, in which x is
0.05-0.4, Tha ceramic conlains an oxide of a rare earth element (La;0,) and oxides of transition elements (CoO and
V;05).

JP-A-1290549 concems an oxide semiconductor composition for a negative temperature coefficient thermistor,
This composition mainly contains an oxide of a rare earth alement {La) and oxides for transition elements (Co,Mn).

Itis the object of the present invention lo provide semiconductive ceramics having negative lemperature coefficients
of resistance with low resisitivity and a high B constant in a stationary state, to enable feeding of a heavy current.

This object is achieved by semiconduclive ceramics according lo claim 1 and claim 2,

The rare earth transmission element oxide, such as LaCoO, or SmNIOj, is not restricted in particular. LaCoO,
exhibits such practical characteristics that its B conslant extremely increases wilh a temperatura rise, with high resis-
tivity al the room temperature. Among rare earth elements, Ce is excluded since it is difficult to obtain an oxide with a
transition metal. On the other hand, Y is included in the group of rare earth elements in the present invention since
this element can attain characteristics and efiecis which are similar to those of the rare earth slements.

According to the present invention, 0.001 to 5 mole percent of the aforementioned additive is added to the main
component,

It is possibie to obtain a high B constant by adding at least 0.001 mole percent of at least one of Si, Zr, Hf, Ta, Sn,
Sb, W, Mo, Te and Ce to the main component of a rare earth transition element oxide, since the resistance value at a
room lemperature can be increased with maintaining low resistance value at a high temperature. If the content of the
addilive exceeds 10 mole percent, however, the B constant at a high temperalure is reduced below that of an NTC
element which is composed of a transition metal oxide having a spinel structure. The contem of the additive is set in
a range of 0.001 to § mole percent.

As to the rare earth transition element oxide, the mole ratio of the rare earth element {o the transition element is
not restricled 1o 1:1 but may be varied. Even if the mole ratio is varied within a range of 0.6 to 1.1, it is possible to
obtain a B constant which is substantially identical o that obtained at the mole ratio of 1:1. If the mole ratio is less than
-0.6 orin excess of 1.1, however, power consumption in a stationary state so increases that the semiconductive ceramics
cannot be applied to a circuit which is supplied with a heavy current, since the res:stance value will not decrease upon
a temperature rise.

As hereinabove described, the inventive semiconductive ceramics having negative temperature coeflicient of re-
sistance is composed of a rare earth transition element oxide with addition of a prescribed element, whereby it is
pessible to obtain an element having a high B constant at a high temperature, since the resistance value at room
temperature can be increased with maintaining low resistance value at a high temperature. Therefore, it is possible to -
sufficiently reduce the resistance value in a temperature rise state for reducing power consumplion in a slationary
state, so that the element can be applied to a circuit which Is supplied with a heavy current.

Thus, the semiconductive ceramics according.lo the present invention is applicable to an NTC elemenl for pre-
venting an inrush current in a switching power source which is supplied with a heavy current, or that for delaying motor
starting.

While the semiconductive ceramics having negative temperature cofficient of resistance according to the presenl
invention is applied to an element for preventing a rush current or that for clelaymg motor starting, the present invention
is not restricted to such application.

The foregoing and other objects, fealures, aspects and advantages of the present invention will become more
apparent from the following detailed descnptlon of the present invention when taken in conjunction with the accompa-
nying drawings.

Fig. 1 is a characterislic diagram showing results of a test which was made by series-connecling an NTC element
1o a swilching power source and measuring time change of a swilching power source current upon power supply
at a temperature of 25°C; and

Fig. 2 is a characteristic diagram showing relation between the number of times of a repetitive epergization test
and resistance values al a lemperalure of 25°C.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
{Example 1)
This Example was carried out on a rare earth transition element oxide of LaCoO,.

First, LaCoO, powder materials were prepared in the following manner: Respective powder materials of Co,Oy4
and La,0, were weighed so that La was at a mole ratio of 0.95 to Co. Prescribed amounts of additives shown in Tables
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1, 2 and 3 were added to the powder matarials, which in tumn were wel-blended lor 16 hours in ball mills employing
nylon balls. Therealler the powder materials were dehydrated, dried and calcined at 1000°C for 2 hours. Referring to
Table 1, asterisked {*) amounts are out of the scope of the present invention.

Thus obtained calcined powder materials were pulverized by jet mills. Binders were added to the powder materials,
which in tum were again wet-blended lor 5 hours in ball mills employing nylon balls, filtered, dried and thereafter
pressure-molded into the lorm of disks. The disks wera fired in the atmosphere at 1400°C for 2 hours, to oblain sintered
bodies. Both major surfaces of the sintered bodies were coated with platinum paste by screen printing, and baked at
1000°C for 2 hours, to be provided with electrodes. NTC elements were thus obtained.

. The NTC elements were subjected to measurement of electric characteristics of specific resistance values and B
constants. Tables 1 to 3 as well as Tables 4 to 9 destribed later show resistivily values which were measured at a
temperatura of 25°C, Assuming that p(T) and p(T,) represent resistivity values at temperatures T and Tg respeclively
and In represents a natural logarithm, each B constant, which is a constant showing resistance change caused by
temperature change, is defined as follows:

B(T) =[Inp(T,) - InpMI(1/T,y -U/T)

Temperalure change caused by the temperature increases with this value.
Referring to Tables 1, 2 and 3, the B constants at -10°C and 140°C are defined as foliows;

B constant {-10°C) = [Inp(-10°C) - Inp(25°C)J[1/-10 + 273.15) - 1/(25 + 273.5)]

B constant (140°C) = [Inp(25°C) - Inp(140°C)J[1425 + 273.15) - 1/{140 + 273.5)]

Figs. 1 and 2 show results of a repetitive energization test which was made on a sample according to Example 1,
containing 1 mole percent of Zr. Fig. 1 shows the resulls of the test which was made by series-connecting an NTC
element to a switching power source and measuring the time change of the switching power source current upon power
supply at a temperature of 25°C. Fig. 2 is a characteristic diagram showing relation between the number of times of
the repelitive energization test and resistance values at a temperature of 25°C. In this repetitive energization test, the
NTC element was energized with a current for 1 minute and thereafter the power source was turned off for 30 minutes
to cool the element to 25°C every cycle. As clearly understood from Figs. 1 and 2, no characteristic change was
recognized even aiter 10000 cycles. Further, no NTC element was broken when currents of 200 A were coritinuously
applied to 100 NTC elements. Thus, it was confinmed that the inventive NTC element is applicable to a heavy current.

Table 1 : . .
No. | Additional Element | Content (mol%) | Resistivity (Q¢m) { B Constant (-10°C) | B Conslant (140°C)
. ®) ()
1-1 Zr o* 4.9 §20 15980
1-2 Zr 0.000* 84 8s0 2510
1-3 Zr 0.001 1.1 1220 . 3020
1-4 Zr 0.01 : 14.8 ; 1650 : 3780
1-5 Zr 0.1 187 2150 . 4480
1-6 Zr 1 19.8 2620 4730
1-7 Zr 10* 13.6 1600 3290
1-8 Z . 20" 4.7 780 1790
Table 2

No. Addtional Element | Content (mot%) | Resistivity (Q-cm) | B Constant (-10°C) | BConstant (140°C)
(K) (K)
1-9 si 0.05 7.4 2010 4290 |
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Table 2 (continued)
No. | Addtional Element | Conlent (mol%) | Resistivity (-cm) | B Constant (-10°C) | B Constant (140°C)
' (K) (K)
1-10 Mo 0.05 16.7 1820 4580
1-11 Sn 0.5 20.5 2400 4680
1-12 Sb 1 17.3 1970 4450
1-13 Te 1 20.2 2630 4530
1-14 Hf 5 18.4 2260 4310
1-15 Ta 5 17.5 2100 4570
1-16 w 10° 16.4 1990 4320
1-17 Ce 10* 17.0 2080 4480
Table 3
No. Additional Content (mol%) | Resistivity (Q-cm) | B Constant (-10°C) | B Constant (140°C
Element : ’ (K) (K)
1-18 Zr 0.05 19.6 2280 4230
Mo 0.05
1-19 - Zr 1 18.3 2570 4550
N Sn 0.5 ’
1-20 Zr 0.05 17.8 2130 4510
Sn 0.05 ‘
w 0.05
1-21 Zr 1 16.2 2480 4290
Mo 0.5
Ce 0.5
(Example 2)

This Example was carried out on a rare earth transition element oxide of SmN:Oa

First, SmNiO5; powder materials were prepared in the {ollowing manner: Respective powdery matenals of SmyO4
and NiO were weighed so that Sm was atl a mole ratio of 0.95 to Ni. Additives shown in Table 4 were added to the
weighed powder materials, which in tum were wet-blended for 16 hours in ball mills employing nylon balls. Thereafter

the powder materials were dehydrated, dried and calcined at 1000°C for 2 hours.
Then, the calcined powder materials were treated similarly 1o Example 1, to obtain NTC elements

Table 4 also shows results of respective eleciric characteristics of thus obtained NTC elements, which were meas-

ured snmularly fo Example 1.

Table 4 .
No. | Additional Element | Content (moi%) | Resistivity (Q-cm) | B Constant (K) 8 Constant {-10°C)
: (140°C) (K)
3-1 Zr 0.05 148 2240 3920
32 Mo 0.05 14.0 - 2340 3870
3-3 sb 1 138 2290 3780
34 Hl 1 121 2150 3740
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Table 4 (continued)

No. | Additional Element | Content (mol%) | Resistivity (Q-cm) | B Constant (K) B Conslant (-10°C)
(140°C) (K)
3.5 Ta 0.5 14.3 2230 3800 i
36 w 0.5 " 150 2090 3750
3.7 Sb 0.5 129 2410 3930
Ce . 0.5
3-8 Zr 0.05 14.3 2060 3620
Ta 0.05 | |
3-9 Sn 1 12.0 2220 3890
w 1 h
3-10 Si 0.1 - 187 2390 3990
Mo 0.1 '
w 0.1

(Example 3)

This Example was carried out on a rare earth transition element oxide of NdNIO;.

First, NdNIiO, powder materials were prepared in the following manner: Respective powder materials of Nd,04
and NiO were weighed so that Nd was at a mole ratio of 0.95 to Ni. Additives shown in Table 5 were added to the
weighed powder materials, which in tum were wet-blended for 16 hours in ball mills employing nylon balls. Thereaﬂer
the powder materials were dehydrated, dried and calcined at 1000°C for 2 hours.

Then, the calcined powder malerials were treated similarly to Example 1, to oblain NTC elements.

Table § also shows results of respective electric characteristics of the obtained NTC elements which were meas-

ured similarly to Example 1.
Table 5
No. | Additional Element | Content (mol%) | Resistivity.(Q-cm) | B Constant (-10°C) | B Constant(140°C)
) N {K) (K)
4-1 Si ‘05 . 243 . 2030 3860
4-2 Zr ' 05 24.0 2170 . 3750
43 Mo [ 25.8 . 2100 3910
4-4 Sn 5 - 241 2090 _ 3730
4-5 Sb 1 236 2160- | 3850
4-6 Ce 1 226 2240 - 3930
47 Si 1 25.9 2120 3710
Sn 1
4-8 Zr 0.5 254 1990 3790
w 0.5
4.9 Mo 05 24.3 1970 3860
Ta 0.5
4-10 Zr 0.1 24.6 2080 3900
Sn 0.1
Ta 0.1
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{Example 4)

This Example was carried oul on a rare earth transition element oxide of PrNiO,.

First, PrNiO,; powder materials wera prepared in the lollowing manner: Respective powdar malerials of PrgPy4 and
NiO were weighed so that Pr was al a mole ralio of 0.95 to Ni. Additives shown in Table 6 were added to the weighed
powdar materials, which in lum ware wel-blended for 16 hours in ball mills employing nylon balls. Thereafler the powder

malerials were dehydrated, dried and calcined at 1000°C for 2 hours.
Then, the calcined powder materials were treated similarly to Example 1, to oblain NTC elements.
Table 6 also shows results of respeclive electric characterislics of the obtained NTC elements, which ware meas-
ured similarly to Example 1.

Table 6
No. | Additional Element | Content {moi%) ' Resislivity (Q2-cm) B Constant (- B Constant (140°C)
. ' ) 10°C) (K) (K)
5-1 Zr 1 10.6 1960 3650
52 __Mo 1 9.8 2100 3590
5-3 Sb 0.5 116 2060 3710
5-4 Te 05 8.9 1980 3680
55 Ta 0.05 10.3 2030 3740
5-6 w 0.05 120 2210 3820
5-7 Zr 1 9.7 2120 3640
- HI 1
5-8 Zr 0.5 9.6 1990 3630
w 0.1
5-9 Mo 0.1 11.3 1870 3670
sb 0.1
5-10 Sb 0.5 10.2 " 2080 3710
He 0.5
w . . 0.5
(Example 5)

This Example was carried out on a rare earth transition element oxide of Lag gNdg, 1C00s.

First, respective powder materials of La,0O,, Nd,O5 and Co0, were weighed to obtain Lag oNdy ;C00, semicon-
ductive ceramic materials. Additives shown in Table 7 were added to the weighed powder materials, which in turn were
wet-blended for 16 hours in ball mills employing nylon balls. Thereafter the powder malenals were dehydrated, dried

and calcined at 1000°C for 2 hours.
Then, the calcined powder materials were treated similarly to Example 1, to obtain NTC elements.
Table 7 also shows resuits of raspective electric characteristics of thus obtained NTC elements, which were meas-

ured similarly to Example 1.
Table 7
No. | Additional Element | Content (mol%) | Resistivity (Q-cm) } B Constant (-10°C) | B Constant (140°C)
(K) (K)
6-1 Zr 0.5 26.1 1870 3630
6-2 Sb 1 257 1720 3690
6-3 w ‘5 26.4 1910 3590
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6-4 Si 1 24.0 1860 3540
Hf - 1 .
6-5 Zr 05 25.6 1790 3680
Mo 0.5
Ta 0.5
{Exampie 6)

This Example was carried out on a rare earth transition element oxide of Lag Gdg 4C00;.

First, respective powder materials of LayO3, Gdz03 and CoyO4 were weighed to obtain Lag 2Gdy ;CoO, semicon-
ductive ceramic malerials. Additives shown in Table 8 were added to the weighed powder materials, which in turn were
wet:blended for 16 hours in ball mills employing nylon balls. Thereafter the powder materials were dehydrated, dried
and calcined at.1000°C for 2 hours.

Then, the caicined powder materials were ireated similarly to Example 1, to obtain NTC elements.

Table 8 also shows results of respective electric characteristics of thus obtained NTC elements, which were meas-

ured similarly to Example 1.
Table 8
No. | Additional Element | Content {mol%) | Resistivity (Q-cm) | B Constant (-10°C) | B Constant (140°C)
- : (K) (K)
7-1 Sn 0.01 220 . 2010 3750
7-2 Ta 0.5 21.9 1960 3710
7-3 Ce 1 237 1840 3860
7-4 Zr 0.1 224 2020 3650
. Mo 0.1 . .
7-5 Zr 05 23.7 1970 3700
' Te . 05
HE 0.5
(Example 7)

This Example was carried oul on a rare earth transition element oxide of Lag goYg 91NNO3.

First, respective powder materials of La,03, Y50, and MnO were weighed to obtain Lag o9Yg {NNO; semiconduc-
tive ceramic materials. Additives shown in Table 9 were added to the weighed powder materials, which in tum were
woet-blended for 16 hours in ball mills employing nylon balls. Therealter the powder materials were dehydrated, dried
and calcined at 1000°C for 2 hours. ' .

Then, the caicined powder materials were treated similarly to Example 1, to oblain NTC elemenits.

Table 9 also shows resuits of respective electric charactleristics of thus obtained NTC elements, which were meas-
ured slmilarly to Example 1.

Table 9
No. | Addilional Element | Content (mol%) | Resistivity (-cm) | B Constant (-10°C) | B Constanl (140°C)
(K) (K)
8-1 Sn 5 206 2190 3970
8-2 Mo 1 215 2290 3860
8-3 w 05 - 19.7 2200 3900
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resi stance i n accordance with cl ai n,}a%hgr(cgnﬂnmd)
No. | Additional Element | Content (moi%) | Resistivity (Q.cm) | B Constant (-10°C) | B Constant (140°C)
- (K) (K)

8-4 Sb 0.5 20.1 2260- 3840
Ta 0.5

8-5 Zr 1 20.6 2270 3820 .
Sb 1
Mo 1

Although the alorementioned Examples were carried out on bxides of LaCoO,3, SmNIQ,, NdNiO, and PrNiO,
respectively, the present invention is also applicable to other rare earth transilion element oxides, to attain simitar

effects.
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Claims

1. Semiconductive ceramics having negative temperature coeflicient of resislance, being mainly composed of an
oxide which contains as main ingredients a rare earth material of the group llla excluding Ce and Including Y and
a transilion element excluding Cr, with addition of at least one of Si, Zr, Hi, Ta and Ce in a range of 0.001 to 5 mole
percent.

2, Semiconductive,Ceramics having negative temperature coefficient of resistance, being mainly composed of an
oxide which contains as main ingredients a rare earth material of the group Ifla excluding Ce and including Y and
a transition element excluding Cr, with addition of at least one of Sn, Sb, W, Mo or Te in a range of 0.001 to 5 mole
percent.

-3. Semiconductive ceramics having negative temperature coefficient of resistance in accordance with claim 1 or 2,
wherein said oxide is at least one selected from LaCoQ,, LaMnOa SmNiO,, NANIO, and PNIO,.

. 4. Semiconductive ceramics having negalive temperature coeff'csenl of resistance in accordance with claim 1 or 2,
wherein 0.1.to 5 mole percent of said additive is added to sald main component. .

5. Semiconductive ceramics having negaﬂve temperature coefficient resislance in accordance with claim 3, wherein
said oxide of LaCoO, is Lag gNdg Co0,. .

6. Semiconductive ceramics having negative temperalure coefficient of resistance in accordance with claim 3, where-

in said oxide of LaCoO, is Lag gGdg Co0,.

7. Semiconductive ceramics having negative temperalure coelficient of resistance in accordance with claim 3, where-
in said oxide of LaCoQOj, Is Lag g9Y¢.01C003.

8. Semiconductive ceramics having negative temperature coefficient of resistance in accordance with claim 1 or 2,
being applied to an element for preventing a rush current.

9. Semiconduclive ceramics having negative temperature coefficiont of resistance in accordance with claim 1 or 2,
being applied lo an element for delaying motor starting.
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SEMICONDQUCTIVE CERAMICS HAVING PLEGATI‘IE
TEMPERATURE COEFFICIENT QF RESISTANCE

ABSTRACT OF THE DISCLOSURE

Semic'onduct:ive caramics having negative tzmperature
cofficient of resistance, which is 5gin1y compo.sed of an oxide of
a rare 2arth transition element excludiag Ce and includx.ng_?.

with addition of at least oae of Si, Zr, Hf, Ta, Sa, Sb, W, Mo, Te
and Ce. '

FIGURE 1
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