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SEM CONDUCTI VE CERAM C COVPCSI TI ON AND SEM CONDUCTI VE QERQNQ DEVI CE USI NG
THE SAME FI ELD OF THE | NVENTI ON The. present invention re

sém conductive ceram c conposi tion having . a negat i esi st ance-
tenperature characteristic and also to a sem conductive ceFa devi ce
conprising the conposition. In particular, it relates to a sem conductive
ceram c conposition which is used to formdevices to be used for
rush-current inhibition, those to be used in tenperature-conpensated
crystal oscillators, and others, and also to such sem conductive ceranic

devi ces conpri Ssmxtbﬁns@m?@@ tmmxﬁﬁéﬁ@&mﬁ Al SR ENONSIETIVE
CERAMIC DEVICE USING THE SAME

FIELD OF T NVE ON
The present invention relates to a semidonductive
ceramic composition having a negative resistance-
temperature characteristic and also' to a semiconductive
ceramic device comprising the composition. 1In particular,
it relates to a semiconductive ceramic composition which is
used to form devices to be used for rush-current inhibition,
those to be wused in temperature-compensated crystal
oscillators, and others, and also to such semiconductive

ceramic devices comprising the composition.

BACK D -THEI NTION

Heretofore are known semiconductive ceramic devices
having a negative resistance-temperature characteristic
(hereinafter referred to as a negative characteristic)
which are characterized in that they-have a high resistance
-value at room temperature and that their resistance wvalue
is lowered with the elevation of the ambient temperature .
{such devices are hereinafter referred to as NTC devices).

The NTC deﬁices of that'type are used variously, for

example, in temperature-compensated crystal oscillators or
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Her et of ore are known sem conductive ceram c devices having a negative

resi stance- tenperature characteristic (hereinafter referred to as a
negative characteristic) which are characterized in that they have a hi gh
resi-stance value at roomtenperature and that their resistance value is

|l owered with the el evation of the anbient tenperature (such devices are
hereinafter referred to as NTC devices). The NTC devices of that type are
used variously, for exanple, in tenperature-conpensated crystal oscillators
or -2-

for rush-current inhibition, motor start-up retardation or
halogen lamp protection.

For example, temperature-compensated crystal’
oscillators (hereinafter referred to as TCXO) comprising
NTC devices are used as frequency soﬁrce§ in electronic
instruments such as those for communication systems. TCXO
is grouped into a direct TCXO which comprises. a
temperature-compensating circuit and a crystal oscillator
and in which the temperaturé—compenéating circuit is
directly connected with the crystal oscillator inside the
oscillation 1loop, and an indirect TCXO in which the
temperature-compensating circuit is indirectly connected
with the crystal oscillator outside the oscillation loop.
The direct TCXO comprises at least two NTC devices with
which the oscillation frequency from the crystal oscillator
is subjected to temperature compensation. In this, one NTC
device has a low resistance value of about 30 % or so at
room temperaturé (25°C) for attaining the intended
temperature compensation at room femperature or lower,
while the other has a high resistance value of about 3000 3
or so at room temperature (25°C) for attaining the intended
temperature compensation at temperatures higher than room
temperature. |

NTC devices for rush-current inhibition are those for

absorbing initial rush currents in electronic instruments.
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for rush-current inhibition, notor start-up retardation or hal ogen | anp
protection. For exanpl e, t enper at ur e- conpensat ed crystal
oscillators (hereinafter referred to as TCXO conprising NTC devices are
used as frequency sources in electronic instruments such as those for
comuni cation systens. TCXOis grouped into a direct .TCXO which _
conprises a tenperature-conpensating circuit and a crystal oscillator and
in which the tenperature-conpensating circuit is directly connected with
the crystal oscillator inside the oscillation |oop, and an indirect TCXO in

whi ch the t gEDeLAL U Sy CONENPAlIME fid CUdverturidntaCt byeCompSELEd Vesh the

crystal oscillator outsrd e “oscillation | oop
electronic instruments from a switching power source at the

switching instant. NTC devices for rush-current inhibition
act to prevent the overcurrent from breaking .the other
semiconductive devices such as IC and diodes and also
halogen lamps, or from shortening the life of such devices
and halogen lamps. After having been switched on, the NTC
device of this type absorbs the initial rush current to
thereby prevent any overcurrent from running through the
circuit in an electronic instrument, and thereafter this is
- self-heated to be hot, thus having a lowered resistance
vélue. In thié self-heated condition at the steady state,
the NTC device then acts to reduce the power consumption;
NTC devices for motor start-up retardation are those
for retarding the starting-up time for motors being started
up, for a predetermined period of time. In gear motors
which are so constructed that a lubricant oil is fed to the
gearbox after the start of the motor, if the gear is
directly rotated at a high speed immediately after the
abplication of an electric current to the motor, the gear
is often damaged due to the insufficient supply of a
lubricant oil to the gear. In order to prevent the gear
from being damaged in this case, the starting-up motion of
the driving motor is retarded for a predetermined period of

time by the use of an NTC device. On the other hand, in
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The direct TCXO conprises at |east two NTC devices with which the
oscillation frequency fromthe crystal oscillator is subjected to
tenperature conpensation. In this, one NIC device has a | ow resistance

val ue of about 30 [err] or so at room tenperature “(25[err]CQ for
attaining the intended tenperature conpensation at room tenperature
or lower, while the other has a high resistance val ue of about 3000 [err]
or so at roon1tenperature (25[err]C) for attaining the intended teénperature
conpensation at tenperatures higher than room tenperature. NTC devices for

[ USh- CUr I ent el 4d 0N A1 ¢ 4410 8ph Phg 2HACHREE 1R WitAlcH U MgFLident 8si n
rotated to polish the surface of a ceramic part, if the
lapping disc is rotated at a high speed just after the
start of the driving motor, the ceramic part is often
cracked. In order to prevent the ceramic part from being
cracked in this case, the starting-up motion of the driving
motor is retarded for a predetermined period of time by the
use df'an NTC device. For these, the NTC device acts to
lower the voltage to be applied to the terminals of the
motor being started up, and thereafter it is self-heated to
be hot, thus having a lowered resistance wvalue. At the
steady state, the motor shall be rotated at a desired speed.

The conventional Semiconductive.ceramics with such a
negative resistance-temperature chafacteristic that haﬁe
heretofore been used for constructing the NTC devices such
as those mentioned above comprise spinel oxides of
transition metal elements such as manganese, cobalt, nickel,
copper, etc.

To attain aécurate temperature compensation for the
oscillation frequency in TCXO, it is desirable that the NTC
device therein has a large degree of resistance-temperature
dependence (hereinafter referred to as "constant B"). 1In
generai, the.spinel oxides of transition metal elements has
a positive relationship between the-specific resistance at

room temperature and the constant B. Therefore, those
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At the switching |nstant overcurrents are applied to electronic
instrunents from a SMAtChIng power source at the switching instant. NTC"
devices for rush-current inhibition act to prevent the overcurrent from
breaki ng the other sem conductive devices such as | C and di odes and al so
hal ogen | anps, or fromshortening the Iife of such devices and hal ogen

| anps. After having been swtched on, the NTC device of this type absorbs
the initial rush current to thereby prevent any overcurrent from running
through the circuit in an electronic instrunent, and thereafter this is

sel f-heat edpaQ ik hat  shds RpediFia | puBiedakesi HBNEBom temperature
shall have a small constant B.

On the other hand, the spinel oxides of transition
metal elements having a large specific resistance at room
temperature shall have a large constant B. Therefore,
laminate structures of NTC devices may have a lowered
resistanée value even though each constitutive NTC device
has a high specific resistance. In that manner, therefore,
it may be possible to obtain laminated NTC devices having a
1érge constant B. However, the laminated NTC devices are
prbblematic in that their «capacitance is enlarged,
resulting in that the accuracy in the temperature-
compensating circuit comprising the NTC léminate is lowered.

Whére NTC devices are used for rush current inhibition,
they must be self-heated to have a lowered resistance value
at elevated temperatures. However, the conventional NTC
devices comprising spinel oxides tend to have a smaller
constant B, if their specific resistance is lowered.
Therefore, the conventional NTC devices are problematic in
that they could not have a sufficiently lowered resistance

'value at elevated temperatures and therefore their power
consumption at the steady state could not be reduced.

For example, to satisfadtoriiy reduce the resistance
value of tabular NTC Qevices at high temperatures, their

surface area may be enlarged or their thickness may be

e
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value. In this self-heated condition at the steady state, the NTC device
then acts to reduce the power consunption. NTC devices for notor start-up
retardation are those for retarding the starting-up tine for notors being
.started up, for a predeterm ned period of tine. ~ In gear notors which are
so constructed that a lubricant oil is fed to the gearbox after the start
of the nmotor, if the gear is directly rotated at a high speed i mediately
after the application of an electric current to the notor, the gear is

of ten damaged due to the insufficient supply of a lubricant oil to the

gear.. |In ondghddy Pr eieidiver)e 3RAN{UB NS 110 tedbgedfade t Ak 8aCagenTChe
startlng up notion of the dr|V|ng notor is retarded for a predeterm ned
period of devices is contradictory to the reduction in their size;
| and the reduction in the thickness of NTC devices will not
be acceptable in view.of their strength.. |
| In order to overcome these problems, there has been
proposed a monolithic NTC dévice comprising a plurality of
ceramic layers and a plurality of inner electrodes each
sandwiched between the adjacent ceramic 1layers, in which
are formed a pair of outer electrodes at the both sides of
the laminate of such ceramic layers and inner-electrodes.
" In this, the pair of outer electrodes are eiectrically and
alternately connected with the inner electrodes. 1In this,
however, the space between the facing inner electrodes is
too narrow. Therefore, the monolithic NTC device is still
problematic in that, if an overcurrent (of several A or
higher) is run therethrough at the start of switch-on, it
is often broken.
Another NTC device has been proposed, which comprises
BaTiO3 and 20 ‘% by weight of L12C63' added thereto, and
which may have a rapidly enlarged constant B at the phase
transition point (see Japanese Patent Publication No. 48-
6352) . However, since this NTC device has a large specific
resistance of 103 %-cm or more at 140_C, it is problematic

in that its power consumption at the steady state is large.
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time by the use of an NTC device. On the other hand, in nmotors for
driving | apping machines in which a grinder is rotated to polish the
surface of a ceranmic part, if the lapping disc is rotated at a high speed
~just after the start of the driving nmotor, the ceramic part is often
cracked. In order to prevent the ceramc part frombeing cracked in this
case, the starting-up notion of the driving notor is retarded for a
predeterm ned period of time by the use of an NTC device. For these, the
NTC device acts to | ower the voltage to be applied to the term nals of the
An NTC device comprising VO2 exhibits a rapidly-

varying resistance characteristic, which is characterized
in that its specific resistance is lowered from 10 }:-cm to
0.01 3-cm at 80_C. Therefore, this may be advantageously
used for rush-current inhibition or for motor start-up
retardation.. However, this VO2-containing NTC device is
unstable. In addition, since this must be produced by
reductive baking followed by rapid cooling, its shape is
liﬁited to only beads; Moreover, since the acceptable
current value for this is small to be up to several tens ma,
the NTC device of this type cannot be used in switching
power sources or driving motors where a large current of
several A is run.

V. G. Bhide and D. S. Rajoria say that rare earth-
transition element oxides exhibit a negative resistance-
temperéture' characteristic, as having a low resistance
value at elevated temperatures, whilé having a small
constant B at room temperature and having a large constant
B at high temperatures (see Phys. Rev. B6, [3], 1021, 1972).

. For example, the electric characteristics of devices
comprising LaCrO3 are disclosed by N. Umeda and T. Awa (see
Electronic Ceramics, Vol, 7, No. 1, 1976, p. 34, Figs. 4
and 5). As in this literature, the devices are known to

exhibit a negative resistance-temperature characteristic.

To use for rush-current inhibition, these LaCrO3-containing

I
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mot or being started up, and thereafter it is self-heated to be hot, thus
having a | owered resistance value. At the steady state, the notor shal

rotated at a desired speed. The conventi onal

sem conductive ceranmics with

be

such a negative resistance-tenperature characteristic that have heretofore
been used for constructing the NTC devices such as those nentioned above
conpri se spinel oxides of transition netal elenents such as manganese,

cobal t,

ni ckel , copper, etc. To attain accurate tenperature conmpensati on

for the oscillation frequency in TCXO, it is desirable that the NTC device
therein hasyecl g9t cda0my ®e rg%'iicﬁta%ﬂ%\iﬁf@ﬁ%{ apeEi fRperseieance of

(hereinafter referred to as "constant B").

about 10 ¥-cm or so at room temperature. However, as
having a constant B of smaller than 2000 K, these LaCr0O3-
containing NTC devices are still problematic in that, if
their resistance value is controlled in order to use them
for rush-current inhibition, their power consumption at the
steady state is too large with the result that they ere
heated too highly and are broken.

Tolochko, et al. say that the substitution of a part

of Co in LaCo03 with Cr is effective for gradually

increasing the specific resistance of the thus-substituted
LaCo/Cr03, as in Izv. Akad. Nauk. SSSR, Neorg. Mater., Vol.
23, No. 5, 1987, page 832, Fig. 3 and lines 38 to 43. 1In
this report, however, they measured the specific resistance
of the materials only at 20_C, and they did not clarify the
characteristics of the materials comprising Cr of less than
5 mol%.

Given the situation, we, the present inventors have
assiduously made various experiments for producing various
semiconductive ceramic compositions and for  using them

under practical conditions, while specifically noting

oxides of rare earth elements and Co-type elements,

especially LaCo03. The characteristics of LaCo0O3-

containing NTC devices are disclosed by A. H. Wlacov and O.

O. Shikerowa in ®um3aukxa TBeproro, 32, [9), 1990,

8 .
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general, the spinel oxides of transition netal elenents has a positive

rel ati onship between the specific resistance at roomtenperature and the
constant B: Therefore, those -5- having a snmall specific resistance
at roomtenperature shall have a small constant B. On the other hand, the
spi nel oxides of transition netal elements having a | arge.specific

resi stance at roomtenperature shall have a |arge constant B. Ther ef or e,
| am nate structures of NTC devices nay have a | owered

page 2588, Fig. 2, and page 2587, lines 36 to 42. Thus, it
is known that LaCoO3 have a lower resistance value than
GdCoO03.

However, as compared with the conventional spinel-
structured transition metal oxides, such oxides of rare
earth elements and Co-type elements have a small constant B[
though having a 1ow'resistance value at high temperatures,

and therefore have not been put to practical use in the art.

SUMMARY OF THE INVENTION

One object of the present invention is to provide a
semiconductive cerémic composition characterized by its low
specific resistance at room temperature and by its large
constarit B at high ﬁemperatures, and also to provide a
semiconductive ceramic device which comprises the
composition and which can be wused for rush-current
inhibition, forl motor start-up retardation, for halogen
lamp protection and even in instruments through which large
currents shall run.

Another object of the present invention is to provide
a semiconductive ceramic composition having a low specific
resistance and a large constant B at room temperature while
still having a large constant B even at temperatures lower

than room temperature, and also to provide a semiconductive
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resi stance val ue even though each constitutive NIC device has a high
specific resistance. In that manner, therefore, it may be possible to
obtain | am nated NTC devices having a | arge constant B. However, the

| ami nat ed NTC devices are problematic in that their capacitance is
enlarged, resulting in that the accuracy in the tenperature- conpensating
circuit conprising the NTC lam nate is | owered. Where NTC devices are used
for rush current inhibition, they nust be self-heated to have a | owered
resi stance val ue at el evated tenperatures. However, the conventional NTC

ol Specr B, Sevstoriifiand sl e serRO It el
devi ces ar e ggicqhhiafelisG i n

Specifically, the first aspect of the present
invention is a semiconductive ceramic composition
comprising a lanthanum cobalt oxide and having a negative
resistance-temperature characteristic, which contains, as
the side component, a chromium oxide in an amount of from
0.005 to 30 mol% in terms of chromium.

The second aspect of the invention is a semiconductivé
ceramic composition comprising a lanthanum cobalt oxide and
having a negative resistance-temperature characteristic,
which contains, as the side component, a chromium oxide in
an amount of from 0.1 to 10 mol% in terms of chromium.

The third aspect of the invention is a semiconductivé
ceramic composition, which comprises, as the essential
component, a semiconductive ceramic component of a
lanthanum cobalt oxide having a negative resistance-
temperature chafacteristic, and contains, as the side
combonent, a chromium oxide in an ambunt of from 0.1 to 30
mold in terms of chromium.

The fourth aspect of the invenfion is a semiconductivej
ceramic composition, which comprises, as the essential
component, a semiconductive ceramic componént of a
1anthanum cobalt oxide having a negative resistance-

temperature characteristic, and contains, as the side

_—
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that they could not have a sufficiently |owered resistance value at

el evated tenperatures and therefore their power consunption at the steady
state could not be reduced. For exanple, to satisfactorily reduce the

resi stance val ue of tabular NTC devices at high tenperatures, their surface
area may be enlarged.or their thickness may be 6 reduced. However, the

I ncrease in the surface area of NTC devices is contradictory to the
reduction in their size; and the reduction in the thickness of NTC devices
will not

component, a chromium oxide in an amount of from 0.5 to 10
mol% in terms of chromium. |

The fifth aspect of the invention is a semiconductive
ceramic composition, which is used to form a device for
rush-current inhibition, a device for motor start-up
retardation, or a device for halogen lamp protection;

The sixth aspect of the invention is a semiconductive
ceramic composition, which is used to form a device in
temperature-compensated crystal oscillators.

The seventh aspect of the invention | is a
semiconductive ceramic device comprising a semiconductive
ceramic part having a negative resistance-temperature
characteristic and an electrode as formed on the surface of
said semiconductive ceramic part, which is characterized in
that said semiconductive ceramic part having a negative
resistance-temperature characteristic comprises a lanthanum
cobalt oxide and contains, as the side component, a
chromium oxide in an amount of from 0.005 to 30 mol% in
terms of chromium.

| The eighth aspect of the inﬁentién is a semiconductive
ceramic device comprising a semiconductive ceramic part, in
which . said semiconductive ceramic part comprises  a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 10 mol% in

terms of chromium.
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be acceptable in view of their strength. In order to overcone these

probl ens, there has been proposed a nonolithic NTC device conprising a
plurality of ceramic layers and a plurality of inner electrodes each
sandwi ched between the adjacent ceramic layers, in which are fornmed a pair
of outer electrodes at the both sides of the |lamnate of such ceramc

| ayers and i nner electrodes. In this, the pair .of outer electrodes are
electrically and alternately connected with the inner electrodes. In this,
however, the space between the facing inner electrodes is too narrow.

Therefore, the nmengQl ifihjih NEpdaYiSe e SihvénPIOD! £8BAT GedcbAdhctifean
overcurrent (of several A or 'higher) Is run therethrough at the start of
switch-on, ideramic device comprising a semiconductive ceramic part, in
which said semiconductive ceramic part comprises a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 30 mol% in
terms of chromium.

The tenth aspect of the invention is a semiconductive
ceramic device comprising a semiconductive ceramic part, in
which said éemiconductive ceramic 'part comprises a
lanthanum cobalt oxide and contains, as the side component,
‘a chromium oxide in an amount of from 0.5 to.lo mol% in.
terms of chromium.

The eleventh aspect .of the invention is a
semiconductive ceramic device; which is used for rush-
current inhibition, for motor start-up retardation, or for

~halogen lamp protection.

The twelfth aspect of the invention is a
semiconductive ceramic device, which is used in

temperature-compensated crystal oscillators. .

BRIEF DESCRIPTION OF THE Dﬂ. WINGS

Fig. 1 shows the resistance-temperature characteristic
of the samples of Example 1 and the sample of Conventional

Example 1.
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i s often broken. Another NTC device has been proposed, which conprises
BaTi @B and 20 % by wei ght of Li2CO3 added thereto, and which may have a
~rapidly enlarged constant B at the phase transition point (see Japanese
Pat ent Publication No. 48- 6352). However, since this NTC device has a

| arge specific resistance of 10[err] [err] cmor nore at 140 C, it is
problematic in that its power consunption at the steady state is |arge.
An NTC device conprising VJerr] exhibits a rapidly- varying resistance
characteristic, which is characterized '

Fig. 2 shows the relationship between the chromium
content of the samples of'Example 2 and the constant B

thereof.

DETAILED DESCRIPTION OF THE INVENTION

The chromium content of the semiconductive ceramic
composition of the present invention is defined to fall
between 0.005 mol% and 30 mol% in terms of chromium. This
is because, if the chromium content is smaller than 0.005
mol%, the chromium oxide added is not satisfactorily
effective, resulting in the failure in enlarging the
constant B of the device made of the composition. If,
however, it is larger than 30 mol%, not only the constant B
of the device made of the composition is smaller than that
of the devices made of chromium-free compositions or
conventional compositions having a negative resistance-
temperature chafacteristic but also the specific resistance
of the former is merely the same as that of the latter.

In particular, the chromium content is preferably
within the range between 0.1 mol% and 10 mol%, since the
device comprising the composition that has a chromium
content falling within the range may have a constant B of
4000 K or higher at high temperatures and therefore the
device is the most suitable for the inhibition of initial

rush currents.
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in that its
[err].cm at
rush-current
Vg err]-cont
be produced

specific resistance is lowered from10 [err].cmto 0.01
80 C. Therefore, this may be advantageously used for
inhibition or for notor start-up retardation. However,.

this

ai ning NTC device is unstable. In addition, since this mnust

by reductive baking followed by rapid cooling, its shape is

limted to only beads. Moreover, since the acceptable current val ue

this is smal

| to be up to several tens mA, the NTC device of this type

for

cannot be used in switching power sources or driving notors where a |arge

current of Severafh{e'cﬁrbm&um cSht & 1@ ANEhE. semfFdiict SAY cedbniiar

earth- transition

ment oxl des exhibit a negative resistance-
composition of the present invention is also defined to

fall between 0.1 mol% and 30 mol%$ in terms of chromium.
This is because, if the Chromium content is smaller than
0.1 mol%, the chromium bxide added ié not satisfactorily
effective, resulting in the failure in enlarging the

constant B of the device made of the cémposition. 1f,

'however, it is larger than 30 mol$, the-specific resistance

of the device made of the composition is too large.

In particular, the chromium content is p;eferably
within the range between 0.5 mol% and 10 mol%, since the
variation in the specific resistance and the constant B at
room temperature of the device that may depend on its
chromium content may be small thgreby resulting in the
success in stable production of temperature-compensating
devices having the most desirable resistance-temperature
characteristic with which the oscillation frequency from
crystaluoscillatdrs can be well compensated relative to the
ambient temperature. -

In the composition of fhe present invention, the molar
ratio of lanthanum to the sum of éobalt and chromium is

preferably from 0.50/1 to 0.999/1. This is because, if the

'molar ratio is " larger than 0.999/1, the non-reacted

lanthanum oxide '(La203) in the sintered ceramic of the

composition reacts with water in air to be broken and can
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tenperature characteristic, as having a | ow resistance val ue at el evated
tenperatures, while having a small constant B at room tenperature and
hraving a | arge constant B at high tenperatures (see Phys. Rev. B6, [3],
1021, 1972). For exanple, the electric characteristics of devices
conprising LaCrQ3 are disclosed by N Ureda and T. Awa (see El ectronic
Ceramcs, Vol. 7, No. 1, 1976, p. 34, Figs. 4 and 5. As in this
literature, the devices are known to exhibit a negative :
resi stance-tenperature characteristic. To use for rush-current inhibjition,

these LaCr O3CQM@ hd'%used as the intended device. If, however, the
molar ratio is smaller than 0.50/1, the device made of the
composition is to have a small constant B though having an
enlarged specific resistance.
Now, the present invention is described in more detail
with reference to the following examples, which, however,
are not intended to restrict the scope of the invention.

Example 1:
A cobalt compound of CoC03, Co304 or CoO and a

lanthanum compound of La203 or La(OH)3 were weighed and
ground, to which was added a chromium compound of Cr203 or

Cr03 in such a manner that the molar ratio of lanthanum to

the sum of cobalt and chromium in the resulting mixture
might be 0.95/1. The mixture was wet-milled in a ball mill
for 24 hours together with pure water and zirconia balls,
then driéd, and thereafter calcined at from 900 to 1200°C
for 2 hours. A binder was added to the thus-calcined
powder, which was further wet-milled in a ball mill for 24
hours together. with zirconia balls. Then, this was
filtered, dried and shaped under pressure into discs, which
‘were baked at from 1200 to 1600°C in air for 2 hours to
obtain sintered discs. The both surfaces of these discs
were coated with a silver-palladium alloy paste, and baked

at from 900 to 1400°C in air for 5 hours, thereby forming
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NTC devi ces may be good as having a specific resistance of. about 10
[err].cmor so at roomtenperature. However, as having a constant B of
shal l er than 2000 K, these LaCr(Jerr]- contalnlng NTC devices are stil

- problematic in that, if their resistance value is controlled in order to
use them for rush-current inhibition, their power consunption at the steady
state is too large with the result that they are heated too highly and are
broken. Tol ochko, et al. say that the substitution of a part of Co in
LaCo®B with G is effective for gradually increasing the specific

resistance Qfyidie éilé@tﬁé&@é'éﬂt efebaCYiGcd, amus ware AbadedNavkeifSSR,
Neorg. Mater., Vol. 23, 5, 1987, page 832, Fig. 3 and lines 38 to 43.

In semlconductlve ceramic device samples.

The specific resistance and the constant B of each
sample formed herein were measured, and the_ data thus
measured are shown in Table 1. In Table 1, the samples
with the mark "*" are outside the scope of the present
invention, and the other samples are within the scope of
the invention.

The specific resistance (p) is obtained from the .
following equation:

p(T) = R(T) x S/t
where R(T) is the resistance value at T°C, S is the surface
area of the outer electrode, and t is the thickness of the
semiconductive ceramic device sample. .

The specific resistance of each sample as prepared in
"Example 1, that is obtained from the resistance value
thereof at -10°C, 25°C and 140°C, may be represented by the
follqwing equations:

p(-10) = R(-10) x s/t
p(25) = R(25) x S/t
p(140) = R(140) x S/t

The constant B 1is a constant that indicates the
variation in the resistance depending on the variation in
temperature. This may be defined as follows:

Constant B (T1l, T2)
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this report, however, they neasured the specific resistance of the.
materials only at 20 _C, and they did not clarify the characteristics of the
materials conprising Cr of less than 5 nol % G ven the situation, we, the
present inventors have assi duously nade various experinents for producing
vari ous sem conductive ceram c conpositions and for using them under
practical conditions, while specifically noting oxides of rare earth

el enents and Co-type elenents, especially LaCoQ3. The

characteristics of LaCoderr]- containing NTC devices are disclosed by A

H Wacov and O O {1y kermowe itnd @rerh)heraltd Fewykiylerr] a T Bepl err]
or o, 32, [9], 1990,
where p(Tl) and p(T2) are the specific resistance at T1°C
and T2°C, respectively, and log is a common logarithm.
The larger the constant B, the smaller the reduction
in the resistance value with the elevation of temperature.
On the basis of the above, the constant B of each
sample as prepared in Example 1 to be obtained from the
specific resistance thereof at -10°C, 25°C and 140°C may be
as follows: ' _
B (-10, 25) ‘= {log p(-10)- log p(25)}/{i/(—10 +
273.15) - 1/(25 + 273.15)}
B (25, 140) = {log p(140)- log p(25)}/{1/(140 +
273.15) - 1/(25 + 273.15)}
B (-10, 25) is the constant B within the temperature
range between -10°C and +25°C; and B (25, 140) is the
constant B within the témperature range between 25°C and

140°c.

S
ammThmd

i

17



page 2588, Fig. 2, and page 2587, lines 36 to 42. Thus, it is known that
LaCo(Jerr] have a | ower resistance value than GdCo(J err]. However, as
conmpared with the conventional spinel- structured transition netal oxides, .
such oxides of rare earth elenments and Co-type el enents have a snal
constant B, though having a | ow resistance value at high tenperatures, and
t herefore have not been put to practical use in the art. SUMWARY OF THE

| NVENTI ON One obj ect of the present invention is to provide a

sem conductive ceram c conposition characterized by its |ow

Table 1
(1) Sample No.
(2) Chromium Content (mol$%)
(3) Constant B (K)

(4) Conventional Sample 1

18 This Sheet Has Been Reﬂlaced
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specific resistance at roomtenperature and by its large constant B at high
tenperatures, and also to provide a sem conductive ceram c - device

whi ch conpri ses t he conposition and which can be used for rush-current
inhibition, for notor start-up retardation, for hal ogen |anp protection and
even in instrunments through which |arge currents shall run. Another object
of the present invention is to provide a sem conductive ceram c conposition
having a | ow specific resistance and a |arge constant B at roomtenperature
while still having a |large constant B even at tenperatures |ower than room

temperature, andzal sig IOV IfbevSEMbHEORNAERE| ¥Becific resistance and
| the constant B of the samples increase with the increase in
the chfomium content thereof. However,.when the chromiun
content is higher than 0.5 mol%, the specific resistance
and the constant B lower; when the chromium content is
higher than 20 mol%, the specific resistance increase while
the constant B lowers} and when fhe chromium content is 31
mol%, the constant B (25, 140) is smaller than the constant
B (-10, 25). |

When the chromium cohtent'falls between 0.005 mol% and
30 mol%, the constant B (25, 140) is higher than 2500 K.
In particular, when the chromium content falls between 0.1
mol% and 1b.0 mol%, both the constant B (-10, 25) and the
constant B (25, 140) are high, the former being higher than
3000 K and the lattér being higher than 4000 K.

Fig. 1 1is a characteristic graph showing the
dependence on temperature of the specific resistance of
semiconductive ceramic device samples, _in which the
vertical axis indicates the specific resistance (*-cm) and
the horizontal axié indicates the temperature (°C) and in
which each curve indicate the difference in the chromium
content in each - sample. The full 1lines indicate the
samples falling within the scope of the present invention,
while the dotted lines indicate those falling outside the.

invention.
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- 10 - ceramc device usable in tenperature-conpensated crystal

oscillators. Specifically, the first aspect of the present invention
s a sem conductive ceram c conposition conprising a | ant hanum
cobalt oxide and having a negative resistance-tenperature characteristic,
whi ch contains, as the side conponent, a chraom um oxide in an anmount of
from0.005 to 30 nol % in terns of chrom um The second aspect of the

i nvention is a sem conductive ceram c conposition conprising a |anthanum
cobalt oxide and

As in Fig. 1, the semiconductive ceramic device
samples of the present invention have a small specific
resistance at 25°C of being not higher than 20 ¥-cm, and
still have a small specific resistance even at high
temperatures of being not highef than 10 5-cm.

When a current of 20 A was applied to the
semiconductive ceramic device samples as prepared herein,
those falliﬁg within the scope of the present.invention
were not broken.

Since the samples of the present invention have a
large constant B (25, 140), they inhibit fhe initial
overcurrent while consuming a reduced power amount at the
steady state. Thus, these are excellent as devices for
rush currenf inhibition, for motor start-up retardation ahd-
for halogen lamp protection.

Conventional Example 1:

Mn304, Nib and Co304 were weighed in a ratio by wéight
of_6:3:1, and wet-milled in a ball mill for 5-hours along
with pure water, a binder and zirconia balls. Then, the
thus-milled mixture was filtered and dried. Next, in the
same manner as in Example 1, the resulting dry powder was
shaped under compression into discs, which were baked at
1200°C in air for 2 hours to obtain sintered discs. The
both surfaces of these discs were coated with a silver-

palladium alloy paste and baked at from 900 to 1100°C for 5
I
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havi ng a negative resistance-tenperature characteristic, which contains, as
the side conponent, a chromumoxide in an anount of fromO0.1 to 10 nol%in
ternms of chromium The third aspect of the invention is a sem conductive
ceram c conposition, which conprises, as the essential conponent, a

sem conductive ceramc conponent of a |anthanum cobalt. oxi de having a
negative resi stance- tenperature characteristic, and contains, as the side
conponent, a chrom um oxide in an anmount of fromO0.1 to 30 nol% in ternms of
chromium The fourth aspect of the invention is a sem conductive ceranc

conposi ti on,hyhe£ N LR, S8t dbie ﬁﬁ@@'ﬁdtﬁé‘r @QERYIdes ondthe discs.
sem conductive ceramc conponent = of
Thus were prepared herein semlconductlve ceramic device
samples.

The electric characteristics of the sample prepared
herein were determined in the same manner as in Example 1.
Of these, the specific resistance (p) and the constant B at
the predetermined temperatures are shown in Table 1. The
resistance-temperature characteristic is shown in Fig. 1.

As in Table 1, the constant B (25, 140) of the
semiconductive ceramic device sample of Conventional
Example 1 is smaller than the constant B (-10, 25) thereof.
Thus, it is known that the energy consumption of this
conventional sample is large at the steady state.

Comparing the sample of Convention.al Example 1 with
the samples of Example 1 of the present invention having
the same degree of specific resistance as the former, it is
known that the éamples of Example 1 of the invention have a
higher constant B (25, 140). In general, the reduction in
the specific resistance resulté in the reduction in the
constant B. As opposed to this, however, it is known that
the semiconductive ceramic composition of the present
invention that is characterized by comprising LaCo03 and
from 0.005 to 30 mol%$ of chromiuﬁ. added thereto has a
higher constant B than the sample of Conventional Example 1.

Example 2:
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| ant hanum cobalt oxide having a negative resistance- tenperature
characteristic, and contains, as the side conponent, a chrom um oxide in
an amount of from0.5 to 10 mol % in terms of chromum The fifth aspect of
the invention is a sem conductive ceram c conposition, which is used to
f-orm a device for rush-current inhibition, a device for notor start-up
retardation, or a device for halogen |anp protection. The sixth aspect of
the invention is a senm conductive ceram c conposition, which i.s used to
forma device in

A powdery lanthanum compound of La203 or La(OH)3 and a

powdery cobalt compound of CoCO3, Co304 or CoO were weighed

in a molar ratio of lanthanum to cobalt of 0.95/1, to which
was added from 0.01 to 40 mol% of a chromium compound of
Cr203 or Cr03. The mixture was wet-milled in a ball.mill
for 16 hours together with pure water and nylon balls, then
dried, and thereafter calcined at from 900 to 1200_C for 2
hours. The resulting mixture was further ground in a jet
mill, to which was added 5 % by weight of a vinyl acetate
binder along with pure water. This was again wet-milled,
then dried and granulated.' The resulting granules were
shaped under pressure into discs, which were baked at from
1200 to 1600°C in air for 2 hours to obtain sintered discs.
The both surfaces of these discs were screen-prinfed with a
silver-palladium alloy paste, and baked_ at from 900 to
1200°C in air for 5 hours, thereby forming outer electrodes
on these discs. Thus were formed herein semiconductive
ceramic device samples.

The specific resistance and tl';e constant B of each
sample formed herein were measured in the same manner as in
Example 1, and the data thus méasuréd are shown in Table 2.
In Table 2, the samples with the mark "*" did not have the
intended characteristics applicable to the use of. the

samples as semiconductive ceramic devices for TCXO. The
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t enper at ure- conpensated crystal oscillators. The sevent h aspect of
the invention IS a sem conductive ceram c device conprising a

sem conductive ceram c part having a negative resistance-tenperature
characteristic and an electrode as formed on the surface of said

sem conductive ceramc part, which is characterized in that said

sem conductive ceram c part having a negative resistance-tenperature
characteristic conprises a | anthanum cobalt oxi de and contains, as the side
conponent, a chrom umoxide in an anmount of from0.005 to 30 nol % in terns

of chrom um,,Ihe reLORi ja%R%Ce Wad NGt {WEM! EPBn! $hd SRIB G | ¥&lwer ani C
devi ce conprPS|ng sem conductive ceram ¢ part, in
at 25 _C according to the equation employed in Example 1.
To obtain the constant B, used herein were the same
equations as those in Example 1. Thus, of the samples of
Example 2, the constant B was derived from the specific
resistance thereof at -30°C, 25°C, 50°C and 140°C to be as
: fo;lows: '
B (=30, 25) = {log p(-30)- log p(25)}/{1/(-30 +
273.15) - 1/(25 + 273.15)}
B (25, 50) = {log p(50)- log p(25)}/{1/(50.+ 273.15) -
1/(25 + 273.15)} _
B (25, 140) = {log p(140)- 1log p(25)}/{1/(140 +
273.15) - 1/(25 + 273.15)}
B (-30, 25) is the constant B within the temperature
range between -30°C and +25°C; B (25, 50) is the constant B
within the temperature range between 25°C and 50°C; and B
(25, 140) is the constant B within the temperaturé range

between 25°C and 140°C.
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which said sem conductive ceramc part conprises a |anthanum cobalt
oxi de and contains, as the side conponent, a chrom um oxide in an anopunt of
fromO0.1 to 10 nol % in ternms of chrom um - 12 - The ninth aspect of the
invention is a sem conductive ceram c device conprising a sem conductive
ceramic part, in which said semconductive ceramc part conprises a

| ant hanum cobal t oxi de and contains, as the side conponent, a chrom um
oxide in an anount of fromO0.1 to 30 nol % in

Table 2
(1) Sample No.
(2) Chromium Content-(mol%)
(3) Specific Resistance, p (25), Q-cm
-(4) Constant B (K)

(5) Conventional Sample 2
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terms of chromum The tenth aspect of the invention is a sem conductive
ceram c device conprising a sem conductive ceramc part, in which said
sem conductive ceramc part conprises a |anthanum cobalt oxide and
contains, as the side conmponent, a chrom um oxide in an anmount of fromO0.5
to 10 mol % in terns of chromum The eleventh aspect of t he

I nvention S a sem conductive ceram c device, which is used for rush-
current inhibition, for notor start-up retardation, or for hal ogen | anp
protection. The twelfth aspect of t he invention is a

sem conductive aGEral §a1,1 €Y Ghhove WWERE speeifidS&dsidtance of the
samples increases and the constant B thereof increases to
be higher than 3000 K with the increase in the chromium
content of the samples. However, when the chromium contént
is not higher than 0.05 mol%','the constant B is lower than
3000 K, but when the chromium content is higher than 30.0
mol%, the specific resistancé is above 50 Q .cm, and the
both are not suitable for temperature compensation. As
opposed to these, the samples falling within the scope of
the present invention have low specific resistance. Using
these, therefore, the surface a;*:ea of the electrode of the
devices having a predetermined resistance value may be
reduced and the capacitance of the devices .may be small.
Accordingly, the accuracy of the devices of the present
invention, when used in temperature-compensating circuits
for temperature compensation in TCXO, is high.

With the increase in the constant B (-30, 25), the
variation in the resistance value, relative to temperature,
increases, resulting in that the devices in temperature-
compensating circuits i1_1 TCXO can compensate low
temperatures falling within a broad range. It is known
from Table 2 that the constant B (25, 50) and the constant
B (25, 140) of the samples of the present invention are

both higher than the constant B (-30, 25) thereof.

Kx\
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t enper at ur e-conpensated crystal oscillators. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 shows the resistance-tenperature characteristic of the
sanpl es of Exanple 1 and the sanple of Conventional Exanple 1. - 13 -
Fig. 2 shows the relationship between the chrom um content of the sanples
of Exanple 2 and the constant B thereof. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON

Of the samples of the present invention having a
chromium content fal]_.ing between 0.1 mol% and 30 mol%, all
the constant B (-30, 25), the constant B (25, 50) and the
constant B (2_5, 140) are higher than 3000 K. In particular,
of those having a chromium content falling between 0.5 mol$%
and 10.0 mol%, the variation in the resistance-temperature
characteristic, relative to the chromium content, is stably

. small. Thus, the samples of the present invention-having a
chromium content of from 0.5 mol%$ to 10.0 mol% are the most
suitable as NTC devices to be in temperature-compensating
circuits in .TCXO.

Fig. 2 shows the relationship between the chromium
content of the semicondt.tct‘ive ceramic device .samples
prepared in Example 2 and the coﬁsFant B thereof, in which
the vertical axis indicates the constant B (K) and the

| horizontal axis indicates the chromium content (mol%). 1In
Fig. 2, @(filled circle) indicé.tes the constant B (-30,
25); M(filled réctangle)indicates the constan£ B (25, 50),
and E indicates the constant B (25,- 140). As in Fig. 2,
the samples having a chromium content of 0.1 mol% or highe.r
all have a constant B of higher thaﬁ 3006 K.

Conventional Example 2:
A semiconductive ceramic device sampie was prepared

herein in the same manner as in Example 2; ‘except that
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The chrom um content of the sem conductive ceram c conposition of the
present invention is defined to fall between 0.005 nol % and 30 nol % in
terms of chromium This is because, if the chromiumcontent is smaller than
0.005 nol % the chrom um oxi de added is not satisfactorily effective,
resulting in the failure in enlarging the constant B of the device nade of
t he conposition. If, however, it is larger than 30 nol % not only the
constant B of the device made of the conposition is smaller than that of

t he devi ces made of chronmiumfree conmpositions or conventional conpositions

havi ng a negaijos resdstadc Co3@NPas awedighedariact#r ratio by wésghthef
specifjc resi stance of the forner is nerely the sane as that of the latter.

6:3:1 were used herein.

The characteristics of the sample prepared herein were
determined in the same manner as in Example 2. The data
are shown in Table 2.

As in Table 2, the constant B (25, 50) at high
temperatures of the semiconductive ceramic device sample of
Conventional Example 2 is smaller than the constant B (~30,
25) thereof at low temperatures. In addition, the both
constants B are smaller than 3000 K.

In the composition of the present invention, the molar
ratio of.lanthanum to the sum of cobalt and chromium is not
limited to only 0.95/1 but may be within the scope between
0.50/1 and 0.999/1. If the molar ratio of lanthanum to me
sum of cobalt and chromium is larger than 0.999/1, the non-
reacted La203 in the Sintered ceramic reacts with water in
air to be broken and can no more be used as the intended
device. If, however, the molar ratio is smaller than
0.50/1, the sintered ceramic is to have a small constant B
though having an enlarged specific resistance. If so, its
constant B is smaller than the conétant B of conventional
semiconductive ceramic devices, and the device comprising
the §intered ceramic thus having such a small constant B is
not suitable to the use to which the present invention is

directed,
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In particular, the chromumcontent is preferably w thin the range between
0.1 nmol % and 10 nol % since the device conprising the conposition. that has
a’chromumcontent falling within the range may have a constant B of 4000 K
or higher at high tenperatures and therefore the device is the nost
suitable for the inhibition of initial rush currents. - 14 - The
chrom um content of the sem conductive ceram c conposition of the present
invention is also defined to

If desired, lanthaﬁum in the LaCo oxides for use in
the present.invention, such as those mentioned hereinabove,
may be partly or wholly substituted Qith any other rare
earth elements and bismuth to give, <for example,
Lag.9Ndg.1Co03, Lag,9Prp.1Co03, Lag.9Smp, 1Co03 or
Ndg.95Co003. |

In the above-mentioned examples, prbduced were
semiconductive ceramic discs. However, the semiconductive
ceramic device of the present invention is not limited to
only the shape of such discs but may be .in any other form
of laminated device.s, cylindrical devices, square chips,
etc. In the above-mentioned examples, a silver palladium
alloy or platinum was used to form the outer electrodes oﬁ
the semiconductive ceramic devices. However, such is not
limitative, but any other electrode material of, for
.example, silver} palladium, nickel, copper, chromium or
their alloys may also be employéd to obtain similar
characteristics. | |

' As has been described in detail hereinabove, there is
provided, according to the present invention, a
semiconductive ceramic composition comprising a lanthanum
cobalt oxide and a chromium oxide added thereto in an
amount of from 0.005 to 30 mol3 in terms of chromium. The
composition may have a small specific resistivity at the

steady state, while having a high constant B of higher than

—_——
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fall between 0.1 nol% and 30 nol % in terms of chromum This is because, if
the chromumcontent is smaller than 0.1 nol % the chrom um oxi de added is
not satisfactorily effective, resultiing in the failure in enlarging the
constant B of the device nade of the conposition. I f, however, it is

| arger than 30 nol % the specific resistance of the devi ce made of the
conposition is too large. In particular, the chromumcontent is preferably
wi thin the range between 0.5 nol % and 10 nol % since the variation in the
specific resistance and the constant B at roomtenperature of the device

that may de%%%% |t§tchgﬁg#yn1egﬁﬁg PitiBys be smghl tharerasul ttRg in

t he success tg%le producti on enper at ur e- conpensat i ng
composition having a chromium content of from 0.1 to 10

mol% may have a much higher constant B of higher than 4000.
K at high temperatures. |

Since the semiconductive ceramic composition of the
present invention comprises a rare earth-transition metal
oxide, especially a lanthanum cobalt oxide, it is
characterized in that it has a small specific resistance at
‘room temperature while haviﬁg a higher constant B at high
temperatures than at low temperatures.

Since the semiconductive ceramic composition of the
present invention comprises, as the essential component, a
lanthanum cobalt oxide and contains, as the side component,
a chfomiwm oxide in an amount of from 0.1 to 30 mol% in
terms of chromium, it has a_Small specific resistance at
the steady sfate and has a high constant B of highef than
3000 K. 1In parficular, the composition having a chromium
content of from 0.5 to 10 mol% may have a high constant B
of higher than 3500 K at high temperatures.

As having fhe ‘above-mentioned characteristics, the
semiconductive ceramic composition of the present invention
'can be used for forming devices to be .usable in
temperature-compensated crystal oscillators and those to be
usable for rush current inhibition, for motor start-up

retardation and for halogen lamp protection.
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devi ces having the nost desirable resistance-tenperature characteristic

w th which the oscillation frequency fromcrystal oscillators can be well
conpensated relative to the anbient tenperature. In the conposition of the
present invention, the nolar ratio of |anthanumto the sum of cobalt and
chromumis preferably fromO0.50/1-to 0.999/1. This is because, if the
nolar ratio is larger than 0.999/1, the non-reacted | anthanum oxi de
(La[err]err]) in the sintered cerami c of the conposition reacts with
water in air to be broken and can

In addition, since the semiconductive ceramic
composition of the present invention'comprises a2 lanthanum
cobalt oxide while containing a chromium oxide in an amount
of from 0.005 to 30 mol% in terms of chromium, it has a low
specific resistance at the steady state while having a high
B constant of higher than 2500 K at high temperatures.
Thus, being different from that of conventional
semiconductive ceramic devices, the difference in the
resistance of the device comprising the composition of the
invention between the electrification thereof at room
temperature and that at high temperatures (140°C or so) is
large.

Moreover, since the semicoﬁductive ceramic device of
the present invention comprises ‘g rare earth-transition
element oxide, especiaily a lanthanum cébalt oxide, it is
characterized in that it has a small constant B at room
temperature while having a large constant B at high
temperatures; Therefore, the device of the invention
consumes a reduced amount of energy'at the steady state,

.and therefore can be used in instruments through which
large currents shall iun.

In addition, since the semiconductive ceramic device
of the present invention. comprises, as the essential
component, a lanthanum cobalt oxide and contains, as the

side component, a chromium oxide in an amount of from 0.1

_
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- 15 - no nore be used as the intended device. |If, however, the nolar
ratio is smaller than 0.50/1, the device nmade of the conposition is to have
a small constant B though having an enl arged specific resistance. Now, the
present invention is described in nore detail with reference to the
foll owi ng exanpl es, which, however, are not intended to restrict the scope
of the invention. Exanple 1: A cobalt conpound of CoCJerr], Co[err](err]
or CoO and a | ant hanum conpound of La[err]err] or La(OH[err] were

wei ghed and ground, to which was added a chromnm um conpound of Cr[err]C{err]

or G(err] t® sochhaAybimererhat dhechpbaiukAt iie ofs | enhbasteriged in
that it has a low specific resistance at room temperature
while having a high constant B of higher than 3000 K.

As having such improved characteristics, the

semiconductive ceramic device of the present invention can

'be used for rush current inhibition, for motor start-up
retardation and for halogen lamp protection, and can be
used in temperature-compensated crystal oscillators.
Temperature-compensated crystal oscillators have Dbeen
specifically referred to herein, in which the device of the
present inventibn is usable. Apart from these, the device
of thé present invention is usable in any other
temperature-compensating  circuits to be in other
instruments.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be madé therein without departing ffom

the spirit and scope thereof.

“\____ﬁ__‘_‘*__““~
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the sum of cobalt and chromumin the resulting m xture m ght be 0.95/1.
The m xture was wet-mlled in a ball mll for 24 hours together wth pure
water and zirconia balls, then dried, and thereafter calcined at from 900
to 1200[err]C for 2 hours. A blnder was added to the~%husaeaLanedﬁ__ ,
powder, which was further wet-mlled in a ball mll 4 hour s et her
with zirconia balls. Then, this was filtered, ﬁm& 'ﬁm i,under
pressure into discs, which were baked at from 1200 to r for
2 hours to obtain sintered discs. The both surfaces of these discCs were
coated Wt hygadi h¥eerpaMendirgm al | oy paste, and baked at from 900 to 1400C
inair for 5 hours, thereby form ng REPLACEMENT SHEET

1. A semiconductive ceramic composition comprising a
lanthanum cobalt oxide and having a negative resistance-
temperature characteristic, which contains, as the side
component, a chromium oxide in an amouht of from 0.005 to

30 mol% in terms of chromium.

2. A semiconductive ceramic composition according to
Claim 1 including, as the side component, a chromium oxide

in an amount of from 0.01 to 10 mol% in terms of chromium.

3. A semiconductive ceramic composition according to
Claim 1 including, as the side component, a chromium oxide

" in an amount of from 0.1 to 30 mol% in terms of chromium.

4. A semiconductive ceramic composition according to
Claim 3 including, as the side component, a chromium oxide

in an amount of from 0.5 to 10 mol% in terms of chromium.

5. ° A semiconductive ceramic composition according to
Claim 1 which is used to form a device for rush-current

inhibition.
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outer electrodes on these discs. Thus were formed herein sem conductive
ceram c device sanples. The specific resistance and the constant B of each
sanple forned herein were neasured, and the data thus neasured are—shown in
Table 1. In Table 1, the sanples with the mark "*jj ' scope
of the present invention, and the other sanples ar Hlmﬁmnﬂ“}%l{me of the
invention. The specific resistance (p) is obtained frof tihew Olsl 0w ng

equat i on: -

6. A semicondﬁctive ceramic composition according to
Claim 1 which is used for a device for motor start-up

retardation.

7. A semiconductive ceramic composition according to .
Claim 1 which is used for a device for halogen lamp

protection.

8. The semiconductive ceramic composition according
to claim 3 which is used to form a device in temperature-

compensated crystal oscillators.

9. A semiconductive ceramic device cqmprising:

a semiconductive ceramic of a lanthanum cobalt oxide
system including, as the side component, a chromium oxide
in an amount of from 0.005 to 30 mol% in terms of chromium;

" an electrode being formed on the surface of said

semiconductive ceramic.

10. A semiconductive ceramic device according to
claim 9 wherein said semiconductive ceramic comprises a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 10 mol% in

terms of chromium.

-
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p(T) = R(T) x S/t where R(T) is the resistance value at T[err]C, Sis the
surface.area of the outer electrode, and t is the thickness of the

sem conductive ceram c device sanple. The specific reststanrce—of—each
sanple as prepared in Exanple 1, that is obtained fro I st ance val ue
thereof at -10[err]C, 25[err]C and 140[err]C, may be “ Eﬂﬂﬁiﬂﬂ"ﬂ!&ul
follow ng equations: p(-10) = R(-10) x S/t p(25) = K n
R(140) x S/t The constant B is a constant that |nd|cates the variation in
the resi stance depending on the variation in

11. A semiconductive ceramic device according to

[¢)

Claim 9 wherein said lanthanum cobalt oxide contains, as
the side component, a chromium oxide in an amount of from

0.1 to 30 mol% in terms of chromium.

12. A semiconductive ceramic device according to
Claim 11 wherein said lanthanum cobalt oxide contains, as
the side component, a chromium oxide in an amount of from

0.5 to 10 mol% in terms of chromium.

13. A semiconductive ceramic device according to
Claim 9 which is used to form a device for regulating rush-

current.

14. A semiconductive ceramic device according to
Claim 9 which is used to form a device for motor start-up

retardation.

15. A semiconductive ceramic _device according to
Claim 9 which is used to form a device for halogen lamp

protection.

1l6. The semiconductive ceramic device according to
‘Claim 11 which is used for temperature~compensated crystal

oscillators.
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tenperature. This may be defined as follows: Constant B (T1, T2) - 17 -
[ (log p(T2)- log p(T1))/(1/T2 - 1/ T1l) where p(Tl) and p(T2) are the
specific resistance at Tl[err]C and T2C, respectively, and log is a comon
| ogarithm The |arger the constant B, the smaller the reduction in the
resi stance value with the el evation of tenperature.” On the basis of the
above, the constant- B of each sanple as prepared in Exanple 1 to be
obt ai ned fromthe

ABSTRACT _THE DISCL

Provided is a semiconductive ceramic composition
comprising a lanthanum cobalt oxide and having a negative
resistance-temperature characteristic, which contains, as
the side éomponent, a chromium oxide in an amount of from
0.005 to 30 mol% in terms of chromium, and also a
semiconductive ceramic device comprising the composition.
The device is usable for rush current inhibition, for motor
start-up retardation and for halogen lamp protection, and
is also usable. in temperature-compensated crystal

oscillators.
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of the sanples incredasé wthThe i nirease in the chrom um 68808 Rés t Rl ks
However, when the ghpemamsgeyent i's higher than 0.5 nol % the specific
resi stance and the constant B | ower; when the chrom um content is higher
than 20 ngb¥sy't he- spe6s fi€~rest fi-arce +rcrease—ahH € 4 he~constango-B - owers~
and when the chromumcontent is 31 nol% the constant B (25, 140) is

smal | er thapr ®he constdto B €310, 25). Wien the chromiumcontent falls

bet ween 0. 005 nol % and nol % the constant B (25, 140) is higher than

2500 K. In parti chi¥ed} \@ﬁb/chrom' um content falls between 0.1
ARA-Y 4)— @ 9 @ )
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mol®% and 10.0 nol % both the constant B (-10, 25) and t nt B (25,
$140) are high, the forner being higher than 3000 K and ﬁﬁxﬁg ﬁ being

hi gher than 4000 K. Fig. 1- is a characteristic graph t he
dependence on tenperature of the specific resistance of se ductlve
ceram c device sanples, in which the vértical axis indicates the specific
resistance ([err].cm and the horizontal” axis indicates the tenperature (O
and in which each curve indicate the difference in the chrom umcontent in
each -sanple. The full lines indicate the sanples falling within the
scope of the present invention, while the dotted lines indicate those

falling outside the invention.
g SEMICONDUCTIVE CERAMIC COMPOSITION AND SEMICONDUCTIVE

CERAMIC DEVICE USING THE SAME

FIELD OF THE INVENTION

The present invention relates to a semiconductive
ceramic composition having a negative resistance-
temperature characteristic' and also to a semiconductive
ceramic device comprising the composition. In particular,
it relates to a semiconductive ceramic composition which Is
used to form devices to be used for rush-current inhibition,
those to .be wused in temperature-compensated crystal
oscillators, and others, and also to such semiconductive

ceramic devices comprising the composition.

BA F THE INVENTION

/ Heretofore are known semiconductive ceramic devices
having a negative resistance-temperature characteristic
(hereinafter referred to as a negative characteristic)
which are characterized in that they have a high resistance
value at room temperature and that their resistance value
is lowered with the elevation of ths ambient temperature

(such devices are hereinafter referred to as NTC devices).
The NTC devices of that type are used variously, for

example, in temperature- compensated crystal oscillators or

REPLACEMENT, SHEETS
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- 20 - As in Fig. 1, the senmiconductive ceram c device sanples of the
Ppresent invention have a small specific resistance at 25[err] C of being not
hi gher than 20 [err].cm and still have a small specific resistance even at
hi gh tenperatures of being not higher than 10 [err].cm Wen a current

of 20 A was applied to the semtcdhductive ceranic device sanples as
prepared herein, those falling within the scope of the present invention
wer e not broken,

for rush-current inhibition, motor start-up retardation or
halogen lamp protection.

For example, temperature-compensated crystal
oscillators (hereinafter referred to as TCXO) comprising
NTC devices are used as frequency sources in electronic
instruments such as those for communication systems. TCXO
is 'grouped into a direct TCXO which comprises a
temperature-compensating circuit and a crystal oscillator
and in which the temperature-compehsating circuit T1s
directly connected with the crystal oscillator inside the
oscillation loop, and an indirect TCXO in which the
temperature-compensating circuit is indirectly connected
with the crystal oscillator outside the oscillation loop.
The direct TCXO comprises at ledast two NTC devices with
which the oscillation frequency from the crystal oscillator
is subjected to temperature compensation. In this, one NTC
device has a low resistance wvalue of about 30 %2 or so at
room temperature (25°C) for attaining the intended
temperature compensation 'at room temperature or lower,
while the other has a high resistance value of about 3000 %z
or so at room temperature (25°C) for attaining the intended
temperature comﬁensation-at temperatures higher than room
‘temperature.

NTC devices for rush-current inhibition are those for

absorbing initial rush currents in electronic instruments.
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Siice the sanples of the present invention have a | arge constant B (25,
140), they inhibit the initial overcurrent while consum ng a reduced power
anount at the steady state. Thus, these are excellent as devices for rush
current inhibition, for notor start-up retardation and for hal ogen | anp
protection. Conventional Exanple 1: NhE?rT]CIerr], Ni O and Co[err](err]
were weighed in a ratio by weight of 6:3:1, and wet-mlled in a ball mll
for 5 hours along with pure water, a binder and zirconia balls. Then, the
thus-mlled mxture was filtered and dried. Next, in the same manner as in
Exanple 1, the resulting dry powder was shaped under conpression into

discs, “hﬁﬁ? t %F %%g%%hghg instant, overcurrents are applied to

electronic instruments from a switching power source at the
switching instant. NTC devices for rush-current inhibition
act to prevent the overcurrent from breaking the other
semiconductive devices such as IC and diodes and also
halodéh lamps, or from shortening the life of such_devices
and halogen lamps. After having been switched on, the NTC
device of this type absorbs the initial rush current to
thereby prevent any overcurrent from running through the
circuit in an electronic instrument, and thereafter this is
self-heated to be hot, thus having a lowered resistance
vélue. In thig self-heated condition at the steady state,
the NTC device then acts to reduce the power consumption.
NTC devices for motor start-up retardation are those
for retarding the starting-up time for motors being started
up, for a predetermined period of time. In gear motors
which are so constructed that a lubricant oil is fed to the
gearbox after the start of the motor, if the gear is
directly rotated at a high speed immediately after the
application of an electric current to the motor, the gear
is often damaged due to the insufficient supply of a
lubricant oil to the gear. 1In order to prevent the gear
from being damaged in this case, the §tarting—up motion of
the driving motor is retarded for a predetermined period of

time by the use of an NTC device. On the other hand, in
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1200[err]Cin air for 2 hours to obtain sintered discs. The both surfaces
of these discs were coated with a silver- palladiumalloy paste and baked
at from900 to 1100[err]C for 5 -21- hours in air, to thereby form outer
el ectrodes on the discs. Thus were prepared herein sem conductive ceramc
devi ce sanples. The electric characterifstics of the sanple prepared herein
were determned in the sanme manner as in Exanple 1 O these, the specific
resi stance (p) and the constant B at

motors for driving lapping machines in which a grinder is
rotated to polish the surface of a ceramic part, if the
lapping disc is rotated at a high speed just after the
start of the driving motor, the ceramic part is often
cracked. In order to prevent the ceramic part from being
cracked in this case, the starting-up motion of the driving
motor is retarded for a predetermined period of time by the
use of an NTC device. For these, the NTC device acts to
lower the voltage to be applied to the terminals of the
motor being started up, and thereafter it is self-heated to
be hot, thus having a lowered resistance value. At the
steady state, the motor shall be rotated at a desired speed.

The conventional semiconductive ceramics with such a
negative resistance-temperature characteristic that have
heretofore been used for constructing the NTC devices such
as those mentioned above comprise spinel oxides of
transition metal elements such as manéanese, cobalt, nickel,
copper, etc.

To attain accurate temperature compensation for the
oscillation frequency in TCXO, it is desirable that the NIC
device therein has a large degree of resistance-temperature
dependence (hereinafter referred to as "constant B"). 1In
general, the.spinel oxides of transition metal elements has
a positive relationship between the specific resistance at

room temperature and the conetant B. Therefore, those
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the?predeternined tenperatures are shown in Table 1. The
fesistance-tenperature characteristic is shown in Fig. 1. As in Table 1,
the constant B (25, 140) of the sem conductive ceram c device sanple of
Conventional Exanple 1 is snaller than the constant B (-10, 25) thereof.
Thus, it is known that the energy conswusmpii on of this conventional sanple
Is large at the steady state. Conparing—the sanple of Conventional Exanple
1 with the sanples of Exanple 1 of the present invention having the sane
degree of specific resistance as the fornmer, it is known that the sanples
of Exanple 1 of the invention have a higher constant B (25, 140). In
general, the reduction in the specific resistance results in the reduction
in the having a small specific resistance at room temperature

shall have a small constant B.

On the other hand, the spinel oxides of transition
metal elements having a large specific resistance at room
temperature shall have a large constant B. Therefore,
laminate structures of NTC devices may have a lowered
resistance value even though each constitutive NTC device
has a high specific resistance. In that manner, therefore,
it may be possible to obtain laminated NTC devices having_g
large constant B. However, the laminated NTC devices are
problematic in that their capacitance 1is enlarged,
resﬁlting "in that the accuracy in the temperature-
compensating circuit comprising the NTC laminate is lowered.

Where NTC devices are used for rush current inhibition,
they must be self-heated to have a lowered resistance value
at elevated temperatures. However, the conventional NTC
devices comprising spinel oxides tend to have a smaller
constant B, if their specific resistance is lowered.
Therefore, the conventional NTC devices are problematic in
that they could not have a sufficiently lowered resistance
value at elevated temperatures and therefore their power
consumption at the steady state could not be reduced.

For example, to satisfactorily reduce the resistance

value of tabular NTC devices at high temperatures, their

surface area may be enlarged or their thickness may be
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coristant B. As opposed to this, however; it is known that the
sem conductive ceram ¢ conposition of the present invention that is
characterized by conprising LaCoQerr] and from 0.005 to 30 nol % of
chrom um added thereto has a higher constant B than the sanpl e of
Conventional Exanple 1. Exanplé 2: --622 - A powdery | anthanum conmpound
of La[err]derr] or La(OH)[err] and a powdery cobalt conmpound of CoCderr],
Co[err]derr] or CoO were weighed in a nolar ratio of |anthanumto cobalt
of 0.95/1, to which

reduced. However, the increase in the surface area of NTC

devices is contradictory to the reduction in their size;

and the reduction in the thickness of NTC devices will not

be acceptable in view of their strength.

In order fo overcome these problems, there has been

proposed a monolithic NTC device comprisihg a plurality of
ceramic layers and a plurality of inner electrodes each
sandwiched between the adjacent ceramic layers, in which
are formed a pair of outer electrodes at the both sides of
the laminate of such ceramic layers and inner electrodes.
In this, the pair 6f outer electrodes are electrically and
alternately connected with the inner electrodes. 1In this,
however, the space between the facing inner electrodes is
too ﬁarrow. Therefore, the monoIi?hic NTC device is still
problematic in that, if an overcurrent (of several A or
higher) is run therethrough at the start of switch-on, it
is often broken.

Another NTC.device has been proposed, which comprises
BaTiO3 and 20 % by weight of Li2C03 added thereto, and
which may have a rapidly enla:ged constant B at the phase
transition point (see Japanese Patent Publication No. 48-
6352) . However, since this NTC device has a large specific

resistance of 105 }-cm or more at i40_c, it is problematic

in that its power consumption at the steady state is large.
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was added from0.01 to 40 nol % of a chrom um conpound of Cr[err](Jerr] or
CrJgerr]. The mxture was wet-mlled in a ball mll for 16 hours together
with pure water and nylon balls, then dried, and thereafter calcined at
from900 to 1200_C for 2 hours. The resulting m xture was further ground in

ajet mll, to which was added 5 % by viei-ght of a vinyl acetate binder
along with pure water. This was again wet-nilled, then dried and _
gr anul at ed. The resulting granul es were shaped under pressure into discs,

whi ch were baked at from 1200 to 1600[err]Cin air for 2 hours to obtain

sintered discs.

The both surfaces of these discs were screen-printed with a

rLrver el o um ol Besies SRaBekelh el AP m st 200 EEL L

varying resistance characteristic, which is characterized
in that its-specific resistance is lowered from 10 ¥-cm to
0.01 *-cm at 80_C. Therefore, this may be advantageously
used for rush-current inhibition or for motor start-up
retardation. However, this VO2-containing NTC device is
unstable. In addition, since this must be produced by
reductive baking followed by rapid cooling, its shape is
liﬁ;ted. to only beads; Moreover, since the acceptable
current value for this is small to be up to several tens mA,
the NTC device of this type cannot be used in switching
power sources or driving motors where a large current of
several A is run.

V. G. Bhide and D. S. Rajoria say that rare earth-

transition element oxides exhibit a negative resistance-

.temperature . characteristic, as having a low resistance

value at elevated temperatures, while having a small
constant B at room temperature and having a large constant
B at high temperatures (see Phys. Rev. B6, [3], 1021, 1972).

For example, the electric characteristics of devices
comprising LaCrO3 are disclosed by N. Umeda and T. Awa (see
Electronic Ceramics, Vol. 7, No. 1, 1976, p. 34, Figs. 4
and 5). As in this literature, the devices are known to

exhibit a negative resistance-temperature characteristic.

To use for rush-current inhibition, these LaCrO3-containing
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on ‘t hese di scs. Thus were formed herein sem conductive ceram c device
sanpl es. The specific resistance and the constant B of each sanple forned
herein were neasured in the same nanner as in Exanple 1, and the data thus
measured are shown in Table 2. In Table 2, the sanples with the mark "*"
did not have the intended characteristi&s applicable to the use of the
sanpl es as sem conductive ceram ¢ devices for TCXO. The - 23 -
specific resistance was derived fromthe resistance val ue

NTC devices may be good as having a specific resistance of
about 10 4-cm or so at room temperature. However, as
having a constant B of smaller than 2000 K, these LaCr0O3-
containing NTC devices are still problematic in that, if
their resistance value is controlled in order to .use them
for rush-current inhibition, their power consumption at the
steady state is too large with the result that they are
heated too highly and are broken.

Tolochko, et al. say that the substitution of a part

of C6 in LaCo03 with Cr is effective for gradually

increasing the specific resistance of the thus-substituted
LaCo/Cr03, as in Izv. Akad. Nauk. SSSR, Neorg. Mater., Vol.
23, No. 5, 1987, page 832, Fig. 3 and lines 38 to 43. 1In
this report, however, they measured the specific resistance
of the materials only at 20_C, and they did not clarify the
characteristics of the materials comprising Cr of less than
5 mol%. |

Given the situation, we, the present inventors have
aésiduously made various experiments for producing various
semiconductive ceramic compositions and for using them
under practidal conditions, while specifically noting
oxides of rare earth -elements and Co-type elements,
especially LaCoO03. The characteristics of LaCo0O3-
containing NTC devices are disblosed by A. H. Wlacov and 0.

0. Shikerowa in durauka Tseproro, 32, [9], 1990,
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at’bS_C according to the equation enployed in Exanple 1. To obtain the

ctonstant B, used herein were the sanme equations as those in Exanple 1.

Thus, of the sanples of Exanple 2,

specific resistance thereof at -30C, 25C, 50[err]C and 140C to be as

the constant B was derived fromthe

follows: B (-30, 25) = {log p(-30)2 -log p(25)}/{1/(-30 + 273.15)
1/ (25 + 273.15)} B (25, 50) = {log p(50)- log p(25)}/{1/(50 + 273.15) -
1/ (25 + 273.15)} B (25, 140) = {log p(140)- log p(25)}/{1/(140 +
273.15) - 1/(25 + 273.15)} B (-30, 25) is the constant B within the

tenperature

page 2588, Fig. 2, and page 2587, lines 36 to 42. Thus, it
is known that LaCoO3 have a lower resistance value than
GdCo03.

However, as compared with the conventional spinel-
structured transition metal oxides, such oxides of rare
earth elements and Co-type elements have a small constant B,
though having a low resistance value at high temperatures,
and therefore have not been put to practical use in the art.

Y OF T INVENTION

One object of the present invention is to provide a
semiconductive cerémic composition characterized by its low
specific resistance at room temperature and by its large
constant B at high temperatures, and also to provide a
semiconductive ceramic device which comprises the
composition and which can be wused for rush-current
inhibition, for motor start-up retardation, for halogen
lamp protection and even in instruments through which large
cﬁrrents shall run.

Another object of the present invention is to provide
a semiconductive ceramic composition having a low specific
resistance and a large constant B at room temperature while
still having a large constant B even at temperatures lower

than room temperature, and also to provide a semiconductive

REPLACEMENT SHEET

16 MAY 1997




range between -30[err]C and +25C; B (25, 50) is the constant B within the
{enperature range between 25[err]C and 50[err]C, and B (25, 140) is the
constant B within the tenperature range between 25[err]C and 140[err] C

- 24 - TBLE 2 Sanpel Chrom un Specific Constant B (K) Content
Resi st ance No. (mol %9 p(25),[erdPcm -30.25 25.50 25.140 1 *
0.01 2.0 1160 2200 3150

ceramic device usable in temperature-compensated crystal
oscillators.

Specifically, the first aspect of the present
invention is a semiconductive ceramic composition
comprising a lanthanum cobalt oxide and having a negative
resistance-temperature characteristic, which contains, as
the side component, a chromium oxide in an amount of from
0.005 to 30 mol% in terms of chromium.

The second aspect of the invention is a semiconductive
ceramic composition comprising a lanthanum cobalt oxide and
having a negative resistance-temperature characteristic,
which contains, as the side component, a chromium oxide in
an amount of from 0.1 to 10 mol% in terms of chromium.

The third aspect of the invention is a semiconductive

_ceramic composition, which comprises, as the essential
component, a semiconductive ceramic component of a
lanthanum cobalt oxide having a negative resistance-
temperature characteristic, and contains, as the side
cémponent, a chromium oxide in an amount of from 0.1 to 30
mol% in terms of chromium.

The fourth aspect of the invention is a semiconductive
ceramic composition, which comprises, as the essential
component, a semiconductive ceramic component of a
lanthanum cobalt oxide having a negative ' resistance-

temperature characteristic, and contains, as the side
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2 *
9.1
3310

17.7
4200
3.5

4040
4590
16.1

13

0. 05 3.9 1380 2510 3200 3
3010 3040 3390 4 0.5 14. 6
3700 4010 5 1.0 18.7 3760 4080
1.5 18.6 3930 4170 4560 7 2.0
3990 - 4140 4620 8 - 11 - 2.5 17.2 4040
4620 9 3.0 168 4040 4190 4610 10
16. 4 ' 4030 4180 4610 11 4.0
4130 4600 12 4.5 15.9 4020 4160
5.0 16. 2 3980 4130 4590 14
4010 4130 4570

component, a chromium oxide in an amount of from 0.5 to 10
mol% in terms of chromium.

The fifth aspect of the invention is a semiconductive
ceramic composition, which is used to form a device for
rush-current inhibition, a device for motor start-up
retardation, or a device for halogen lamp protection.

The sixth aspect of the invention is a semiconductive
ceramic composition, which is used to form a device in
temperature-compensated crystal oscillators. T

The seventh aspect of the invention is a
semiconductive ceramic device comprising a semiconductive
ceramic part Hhaving a negative resistance—-temperature
characteristic and an electrode as formed on the surface of
said semiconductive ceramic pért, which is characterized in
that said semiconductive ceramic part having a negative
resistance-temperature characteristic comprises a lanthanum
cobalt oxide and contains, as the side component, a
chromium oxide in an amount of from 0.005 to 30 mol% in
terms of chromium.

The eighth aspect of the invention is a semiconductive
ceramic device comprising a semiconductive ceramic part, in
which said semiconductive ceramié part comprises a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 10 mol$% in

terms of chromium.
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15 °
19. 3
4060
15.0
3480
4100
35.0
2890

22

7.0 17.5 3940 4110 4550 16 8.0

3890 4070 4520 17 9.0 21.0 3840
4500 18 ' 10.0 23.5 3810 4030 4470 19
31.4 3670 3900. 4380 20 20.0 37.6
3760 . 4190 21 2518 - 42. 8 3340 3650

30.0 48. 9 3200 3510 4010 23*
55. 1 3020 3250 3620 24* 40. O 59. 3

3010 3230 0.0 16. 2 2760 2750 2750

The ninth aspect of the invention is a semiconductive
ceramic device comprising a semiconductive ceramic part, in
which said semiconductive ceramic part comprisés a
lanthanum cobait oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 30 mol% in
terms of chromium.

The tenth aspect of the invention is a semiconductive
ceramic device comprising a semiconductive ceramic part, in
which said semiconductive ceramic part comprises a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.5 to 10 mol% in
terms of chromium.

The eleventh aspect of the invention is a
semiconductive ceramic device, which is wused for rush-
current inhibition, for motor start-up retardation, or for
halogen lamp protection.

The twelfth aspect of the invention is a
semiconductive ceranic device, which is used in

témperature-compensated crystal oscillators.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the resistance-temperature characteristic
of the samples of Example 1 and the sample of Conventional

Example 1.
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- 25 - As in Table 2 above, the specific resistance of the sanples

f ncreases and the constant B thereof increases to be higher than 3000 K
with the increase in the chromiumcontent of the sanples. However, when the
chrom um content is not higher than 0.05 nol% the constant B is |ower than
3000 K, but -when the chrom um content &8 hi gher than 30.0 nol % the
specific resistance is above 50 [err] .cm and the both are not suitable
for tenperature conpensati on. As opposed to these, the sanples falling
within the scope of the present invention have | ow specific resistance.
Using these, therefore, the surface area of the el ectrode of the

Fig. 2 shows the relationship between the chromium
content of the samples of Example 2 and the constant B

thereof.

ETAILED D RIPTION OF THE INVENTION

The chromium content of the semiconductive ceramic
composition of the present invention is defined to fall
between 0.005 mol% and 30 mol% in terms of chromium. This
is because, if the chromium content is smaller than 0.005
mol%, the chromium oxide added is not satisfactorily
effective, resulting in the failure in enlarging the
constant B of the device made of the composition. If,
however, it is.larger than 30 mol%, not only the constant B
of the device made of the composition is smaller than that
of the devices made of chromium-free compositions or
conventional compositions having a negative resistance-
temperature chafacteristic but also the specific resistance
of the former is merely the same as that of the létter.

' In particular, the chromium content is preferably
within the range between 0.1 mol% and 10 mol%, since the
device comprising the composition that has a chromium
content falling within the range may have a constant B of
4000 K or higher aﬁ high tempefatures and therefore the
device is the most suitable for the inhibition of initial

rush currents.
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devi ces having a predeterm ned resistance val ue may be reduced and the
capaci tance of the devices may be small. Accordingly, the accuracy of the
devices of the present invention, when used in tenperature-conpensating
circuits for tenperature conpensation in TCXO, is high. Wth the increase
in the constant B (-30, 25), the vari-ati4om in the resistance val ue,
relative to tenperature, increases, resulting in that the devices in

t enper at ure- conpensati ng circuits in TCXO can conpensat e | ow
tenperatures falling within a broad range. It is known from Table 2 that
the constant B (25, 50) and the constant B (25, 140) of the sanples of the

present i nvent g, arg Botiy GHSE LR 4 NenoNSLANLoalc0ve *YediHEOT

composition of the present invention is also defined to
fall between 0.1 mol% and 30 mol% in terms of chromium.
This is because, if the chromium content is smaller than
0.1 mol%, the chromium oxide added is not satisfactorily
effective, resulting in the failure in enlarging the
constant B of the device made of the. composition. If,
however, it is larger than 30 mol%, the specific resistance
of the device made of ﬁhe composition is too large.- -

In particular, the chromium content is preferably
within the range between 0.5 mol% and 10 mol%, since the
variation in the specific resistance and the constant B at
room temperature of the device that may depend on its
chromium content may be small thgreby resulting in the
success in stable production of temperature-compensating
devices having the most desirable resistance-temperature
characteristic with which the oscillation frequency from
c:ystaluoscillatérs can be well compensated relative to the
ambient temperature.

In the composition of the present invention, the molar
ratio of lanthanum to the sum of cobalt and chromium is
preferably from 0.50/1 to 0.999/1. This is because, if the
molar ratio 1is larger than 0.999/1, the non-reacted

lanthanum oxide (La203) in the sintered ceramic of the

composition reacts with water in air to be broken and can
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- 26 - O the sanples of the present invention having a chrom um content
falling between 0.1 nol % and 30 nol % all the constant B (-30, 25), the
constant B (25, 50) and the constant B (25, 140) are higher than 3000 K. In
particul ar, of those having a chrom umcontent falling between 0.5 nol % and
10.0 nol % the variation in the resistadfce-tenperature characteristic,
relative to the chromumcontent, is stably small. Thus, the sanples of the
present invention having a chrom umcontent of fromO0.5 nmol%to 10.0 nol %

are the nost

no more be used as the intended device. If, however, the
molar ratio is smaller than 0.50/1, the device made of the
compoéition is to have a small constant B though having an
enlarged specific resistance.

Now, the present invention is described in more detail
with reference to the following examples, which, however,
are not intended to restrict the scope of the invention.

Example 1:
A cobalt compound of CoCO3, Co304 or CoO and a

lanthanum compound of La203 or La(OH)3 were weighed and
ground, to which was added a chromium compound of Cr203 or

CrO3 in such a manner that the molar ratio of lanthanum to

the sum of cobalt and chromium in the resulting mixture
might be 0.95/1. The mixture was wet-miiled in a ball mill
for 24 hours together with pure water and zirconia balls,
then dried, and thereafter calcined at from 900 to 1200°C
for 2 hours. A binder was added to the thus-calcined
powder, which was further wet-milled in a ball mill for 24
hours together with zirconia balls. Then, this was
filtered, dried and shaped under pressure into discs, which
were baked at from 1200 to 1600°C in air for 2 hours to
obtain sintered discs. The both surfaces of these discs
were coated with a silver-palladium alloy paste, and baked

at from 900 to 1400°C in air for 5 hours, thereby forming
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sui tabl e as NTC devices to be in tenperature-conpensating circuits in TCXO
Fig. 2 shows the relationship between the chrom um content of the

sem conductive ceram ¢ device sanples prepared in Exanple 2 and the
constant B thereof, in which the vertical axis indicates the constant B (K)
and the horizontal axis indicates the @rom umcontent (nmol%. In Fig. 2,
[err](filled circle) indicates the constant B (-30, 25); [err](filled
rectangl e)i ndi cates the constant B (25, 50), and [err] indicates the
constant B (25, 140). As in Fig. 2, the sanples having a chrom um cont ent
of 0.1 mol %-or higher all have a constant B of higher than 3000 K

Conventi onal Exanple 2: . ,
outer electrodes on these discs. Thus were formed herein

semiconductive ceramic device samples.

The spécific resistance and the constant B of each
sample formed herein were measured, and the data thus
measured are shown in Table 1. In Table 1, the samples
with the_mark "kt are outside the.scope of the present
invention, and the other samples are within the scope of
the invention.

The specific resistance (p) is obtained £from the
following equation:

p(T) = R(T) x S/t
where R(T) is the resistance value at T°C, S is the surface
area of the outer electrode, and t is the thickness of the
semiconductive ceramic device sample. |

The specific resistance of each sample as prepared in
Example 1, that is obtained from the resistance value
thereof at -10°C, 25°C and 140°C, may be represented by the
following equations:

' p(-10) = R(-10) x S/t
p(25) = R{25) x s/t
p(140) = R(140) x S/t

The constant B is a constant that indicates the
variation in the resistance depending on the variation in
temperature. This may be defined as follows:

Constant B (Tl, T2)
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A sem conductive ceram c device sanple was prepared herein in the sane
manner as in Exanple 2, except that - 27 - Mdi[err]derr], N O and
Co[err]derr] as weighed in a ratio by weight of 6:3:1 were used herein.
The characteristics of the sanple prepared herein were determned in the
same manner as in Exanple 2. The data &% -shown in Table 2. As in Table
2, the <constant B (25, 50) at high tenperatures of the sem conductive
ceram c devi ce sanpl e of -

= {log p(T2)~ log p(T1)}/(1/T2 - 1/T1)
where p(Tl) and p(T2) are the specific resistance at T1°C
and T2°C, respectively, and log is a common logarithm.

The larger the constant B, the smaller the reduction
in the resistance vaiue with the elevation of temperature.

On the basis of the above, the constant B of each
sample as preparéd in Example 1 to be obtained from the
specific resistance thereof at -10°C, 25°C and 140°C may be
as follows: T

B (-10, 25) = {log p(-10)- log p(25)}/{1/(-10 +

273.15) - 1/(25 + 273.15)}

"B (25, 140) = {log p(l40)- log p(25)}/{1/(140 +

273.15) - 1/(25 + 273.15)}

B (-10, 25) is the constant B within the temperature
range between -10°C and +25°C; and B (25, 140) is the
constant B within the temperature range between 25°C and

140°C.




Conventional Exanple 2 is smaller than the constant B (-30, 25) thereof at
t ow t enper at ur es. In addition, the both constants B are smaller than
3000 K. In the conposition of the present invention, the nolar ratio of

| anthanum to the sum of cobalt and chromiumis not limted to only 0.95/1
but may be within the scope between Uﬂiﬂlfand 0.999/1. 1f the nolar ratio
of lanthanumto ne sum of cobalt and chromumis larger than 0.999/1, the
non- reacted Laferr](err] in the sintered ceramc reacts with water in air
to be broken and can no nore be used as the intended device. If, however,
the molar ratio is smaller than 0.50/1, the sintered ceramic is to have a
smal | constant B thQﬁﬂgquying an enl arged specific resistance. If so, its

e (a-cn) a8 | Consfant (k)i 0/¢

| - [hromiy

SOnWﬂz Content 25 | 140 19 -10, 25| 25. 140
No. (mpl %)| & B c )
1 # 0 1.9 10.20| 2.5 9.5 800 | -2410 8.0
2 0.005] 2.5 1}0.22 4.7 [11.41 1420 2600 1.8
3 0.010 | 3.6)0.18| 7.1 |20.0{ 1510 3190 2.1
4 0.020 | 5.0 {0.19 | t2.6 |26.3} 2050 3500 1.7
5 0.050 } 6.7 |0.19| 20.6 |35.3| 2530 3800 | _1.5

6 0.10 | 9.5]0.21| 37.4 |45,
7 0.20 |12.6[0.19| 60.5 {66.3] 3510 | 4400 | 1.3
8 . .. | 8.56 [18.5}0.23[108.1 |80.4 3860 |.4650 | 1.2
9 .0 f16.rj0.23.)t0t.1 f70.0 | 4120 | 4830 | 1.1
0 3

§

$

151

3080 4100 | 1.3

2.0 14.8 10.22 ] 85.1 }|67. 3739 4490 1.2

1l 5.0 {12.9]0.22|-65.7 |58.5| 3640 | 4240 | 1.2
12 10.0 110.90.21| 5.2 |S5l. 3470 | 4020 | 1.2
13 - |20.0 [12.4]0.56] 39.3 j22.1] 2580 | 3320 | 1.3
14 80.0 [14.0 | 1.29 | 42.9 [10.8| 2510 | 2550 | .0
15¢  L.31.0  {15.0 }2.01 | 45.5 | 7.5| 2490 | 2150 | 0.9

- . [Convenfiona 1|
. Sﬂmpnlef 1“_ 6.0 10.0{0.97 | 88.0 |l0.3| 3000 2500 |. 0.8
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constant B is smaller than the constant B of conventional seni conductive
ceram c devices, and the device conprising the sintered ceram ¢ thus having
such a small constant B is not suitable to the use to which the present

i nvention is directed. - 28 - If desired, lanthanumin the LaCo oxi des
for use in the present invention, such3 those mentioned herei nabove, may
be partly or wholly substituted with any other rare earth elenents and

bi snmut h

to give, for exanple,

As in Table 1 above, both the specific resistance and
the constant B of the samples increase with the increase in
the chromium content thereof. However, when the chromium
content is higher than 0.5 mol%, the specific resistance
and the constant B lower; when the chromium content is
higher than 20 mol%, the specific resistance increase while
the constant B lowers; and when the chromium content is 31
mol%, the constant B (25, 140) is smaller than the constant
B (-10, 25). '_

When the chromium content falls between 0.005 mol% and
30 mol%, the constant B (25, 140) is_higher than 2500 K.
In particular, when the chromium content falls between 0.1
mol% and 10.0 mol%, both the constant B (-10, 25) and the
constant.B (25, 140) are high, the former being higher than_
3000 K and the latter being higher than 4000 K.

Fig. 1 is a characteristic g¢graph showing the
dependence on temperature of the specific resistance of
semiconductive ceramic device samples, in which the
vertical axis indicates the specific resistance (¥-cm) and
tﬁe horizontal axis indicates the temperature (°C) and in
which each curve indicate the difference in the chromium
content in each - sample. The full lines indicate the
samples falling within the scope of the present invention,
while the dotted lines indicate those falling outside the

invention.

REPLACEMENT SHEET

16 MAY 1997




La[err]Nd[err]Co(err], La[err]Pr[err]Co(err],

Lal[err]Snferr] Co(err] or Nd[err]Coderr]. In. the above-nentioned
exanpl es, produced were seniconductive ceram ¢ discs. However, the
sem conductive ceram c device of the present invention is not limted to
only the shape of such discs but may b&€4 m any other form of |aninated
devi ces, cylindrical devices, square chips, etc. In the above-nentioned
exanples, a silver palladiumalloy or platinumwas used to formthe outer
el ectrodes on the sem conductive ceram c devices. However, such is not
limtative, but any other electrode material of, for exanple, silver,

gg![ L?ﬁi glmm |n:,;r: kgé, Js.:r(x) ppFeJr.cj'. Ch{ ,Oméi\n; Orsértt]iecic{nde{.lc‘!toiyx}se mio:.yerz%almsioc b%e%nipcleoyed to
samples of the present invention have a small specific
resistance at 25°C of being not higher than 20 3%-cm, and
still have a small specific resistance even at high
temperatures of being not higher than 10 *s-cm.

When a <current of 20 A was applied to the
semiconductive ceramic device samples as prepared herein,
those falling within the scope of the present invention
were not broken. ‘_

Since the samples of the present invention have a
large constant B (25, 140), they inhibit the initial
overcurrent while consuming a reduced power amount'at the
steady state. Thus, these are excellent as devices for
rush current inhibition, for motor start-up retardation and
for halogen lamp protection.

Conventidnal Example 1:

| Mh304, NiO and Co304 were weighed in a ratio by weight
of 6:3:1, and wet-milled in a ball mill for 5 hours along
with pure water, a binder and zirconia balls. Then, the
thus-milled mixture was'filtered and dried. Next, in the
same manner as in Example 1, the resulting dry powder was
shaped under compression into discs, which were baked at
1200°C in air for 2 hours to obtain sintered discs. The

both surfaces of these discs were coated with a silver-

palladium alloy paste and baked at from 900 to 1100°C for 5
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cha?acteristics. As has been described in detail herei nabove, there is

provi ded,

chromium The conposition may have a’s

accordi ng to t he pr esent I nventi on, a sem conductive
ceram c conposition conprising a | anthanum cobalt oxide and a chrom um
oxi de added thereto in an anount of .fr 0.005 to 30 mol % in ternms of

steady state, while having a high constant B of higher than - 29 -
K at high tenperatures. In particular, t he

hours in air, to thereby form outer electrodes on the discs.
Thus were prepared herein semiconductive ceramic device
samples.

The electric characteristics of the sample prepared
herein were determined in the same manner as in Example 1.
Of these, the specific resistance (p) and the constant B at
the predetermined temperatures are shown in Table 1. The
resistance-temperature.characteristic is shown in Fig. 1.

As in Table 1, the constant B (25, 140) of the
semiconductive ceramic device sample of Conventional
Example 1 is smaller than the constant B (-10, 25) thereof.
Thus, it is known that the energy consumption of this
conventional sample is large at the steady state.

Comparing the sample of Conventional Example llwith
the samples of Example 1 of the present invention having
the same degree of specific resistance as the former, it is
known that the éamples of Example 1 of the invention have a
higher constant B (25, 140). In general, the reduction in
the specific resistance results. in the reduction in the
constant B. As opposed to this, however, it is known that
the semiconductive ceramic composition of the present
invention that is characterized by comprising LaCo0O3 and
from 0.005 to 30 mol% of chromium added thereto has a
higher constant B than the sample of Conventional Example 1.

Example 2:

I” specific resistivity at the

3000
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conposition having a chrom umcontent of fromO0.1 to 10 nol % my have a
much hi gher constant B of higher than 4000 K at high tenperatures. Since

t he sem conductive ceram c conposition of the present invention conprises a
rare earth-transition netal oxide, especially a |anthanum cobalt

oxide, it is characterized in that it2%as a small specific resistance at
room tenperature while having a higher constant B at high tenperatures than
at |ow tenperatures. Since the sem conductive ceram c conposition of the
present invention conprises, as the essential conponent, a |anthanum cobalt
oxi de and contains, as the side conponent, a chrom um oxide in an anount of

from0.1 to 30 AVbSAddry lanthanum compound of La203 or La(OH)3 and a
.powdery cobalt compound of CoCO3, Co304 or CoO were weighed
in a molar ratio of lanthanum to cobalt of 0.95/1, to which
was added from 0.01 to 40 mol% of a chromium compound of
Cr203 or Cr03. The mixture was wet-milled in a ball mill
for 16 hours together with pure water and nylon balls, then
dried, and thereafter calcined at from 900 to 1200_C for 2
hours. The resdlting mixture was further ground in a jet
mill, to which was added 5 % by weight of a vinyl acetate
binder along with pure water. This was again wet-milled,
then. dried and granulated. The resulting granules were
shaped under pressure into discs, which were baked at from
1200 to 1600°C in air for 2 hours to obtain sintered discs.
The both surfaces of these discs were screen-printed with a
silver-palladium alloy paste, and baked. at from 900 to
1200°C in air for 5 hours, thereby forming outer electrodes
on these discs. Thus were formed herein semiconductive
ceramic device sémples.

The specific resistance and the constant B of each
éample formed herein were measured in the same manner as in
Example 1, and.the-data thus measured are shown in Table 2.
In Table 2, the samples with the mark "*" did not have the
intended characteristics applicable to the use of the

samples as semiconductive ceramic devices for TCXO0. The
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terms of chromum it has a small specific resistance at the steady state
and has a high constant B of higher than 3000 K. In particular, the
conposition having a chrom umcontent of fromO0.5 to 10 nol % my have a

hi gh constant B of higher than 3500 K hi gh tenperatures. As having the
above- nentioned characteristics, the sédi conductive ceram c conposition of
the present invention can be used for form ng devices to be usable in

t enper at ure- conpensated crystal oscillators and those to be usable for rush
current inhibition, for notor start-up retardation and for hal ogen | anp
protection.

specific resistance was derived from the resistance value
at 25_C according to the equation employed in Exaﬁple 1.

To obtain the constant B, uéed herein were the same
equations as those in Example 1. Thus, of the samples of
Example 2, the constant B was derived from the specific
resistance thereof at -30°C, 25°C, 50°C and 140°C to be as
follows: | _

B (=30, 25) = {log p(-30)- log p(25)}/(1/(-30 +

273.15) - 1/(25 + 273.15)} —

B (25, 50) = {log p(50)- log p(25)}/{1/(50 + 273.15) -

1/(25 + 273.15)}

B (25, 140) = {log p(140)- 1log p(25)}/{1/(140 +

273.15) - 1/(25 + 273.15)} |

B (-30, 25) is the constant B within the temperature
range between -30°C and +25°C; B (25, 50) is the constant B
within the temperature range between 25°C and 50°C; and B
(25, 140) is the constant B within the temperature range

between 25°C and 140°cC.




- 30 - In addi ti on, si nce

.of the present invention conprises a |anthanum cobalt o

t he sem conducti ve

ceram c conposition

whi | e

containing a chrom um oxide in an anmount of from 0. 005 (neﬁgAmg“éﬁw

of chromum it has a | ow specific . resistance at the stjeg

having a high B constant of higher théﬁEZBOO K at high tgnperatures. Thus,
t of conventi onal se '
devices, the difference in the resistance of the devic
conposition of the invention between the electrificati.

bei ng di fferent

tenperature and that at high tenperatures (140[err]C ol

from tha

i dontOMAY 499&r

rising the

L.C

TABLE 2
3ample Chromiun SP?“‘FO Constant B (K)
NO. g@?%&g;‘;‘)’gﬁn -30.25 | 25,50 | 25,140
1% 0.01 | 2.0 1160 | 2200 | 3150
9 % 0.05] 3.9 1380 | 2510 | 3200
3 0.1 9.1 3010 | 3040 | 3380
¢ 0.5 | 14.6 | 3310 | 3700 | 40le
5 .0 | 18.7 | 3760 | 4080 | 4430
6 1.5 18.6 393¢ 4170 4560
7 2.0 | 17.7 | 3980 | 4140 | 4520
g 2.5 | 17.2 | 4040 | 4200 | 4620 |
g 3.0 | 16.8 | 4040 | 4190 | 4610
10 3.5 | 16.4 | 4030 | 4180 | 4510
T 4.0 1 15.9 | 4040 | 4130 | 4600
P19 5 | 15.9 | 4020 | 4160 | 4590
13 5.0 | 16.2 | 3980 | 4130. | 4580
14 6.0 | 16.1 | 4010 | 4130 | 4570
5 7.0 | 17.5 | 3840 | 4110 | 4550
16 8.0 | 19.3 | 3890 | 4070 | 4520
17 9.0 | 21.0 | 3840 | 4060 | 4500
18 10.0 | 23.5 | 3810 | 4030 | 4470
19 15.0 | 1.4 | 3670 | 3900 | 4380
20 20.0 | 87.6 | 3480 | 3760 | 4190
21 - 35.0 | 42.8 | 3340 | 3650 | 4100
22 30.0 | 48.9 | 3200 | 8510 | 4010
234 35.0 | 55.0 | 3020 | 3250 | 3620
24% 40.0 | s9.3 | 2890 | 3010 [ 3230
_g;%‘j”f‘ﬁ“ 0.0 | 182 | 2760 [ 2750 | 2750




| arge. Mbreover, since the sem conductive ceram c device of the present

L nvention
| ant hanum
B at room
Ther ef or e,
energy at

conprises a rare earth-transition el enent oxide, especially a
cobalt oxide, it is characterized in that it has a small constant
tenperature while having a | arge constant B at hi gh tenperatures.

the device of the inver&3on consunes a reduced anmount of
the steady state, and therefore can be used in instrunents

through which large currents shall run. In addition, since the
sem conductive ceram c device of the present invention conprises, as the

essenti al

conponent, a | anthanum cobalt oxi de and contains, as the

As in Table 2 above, the specific resistance of the
samples increases and the éonsfant B thereof increases to
be higher than 3000 K with the increase in the chromium
content of the samples. However, when the chromium content
is not higher than 0.05 mol%, the constant B is lowér than
3000 K, but when the chromium content is higher than 30.0
mol%, the specific resistancé is above 50 Q .c¢m, and the
both are not suitable for temperature compensation. As
opposed to these, the samples falling within the scope of
the present invention have low specific resistance. Uéing
these, therefore, the surface afea of the electrode of the
devices having a predetermined resistance value may be
reduced and the capacitance of the devices may be small.
Accordingly, the accuracy of the devices of the present

invention, when used in temperature-compensating circuits

. for temperature compensation in TCXO, is high.

With the increase in the constant B (-30, 25), the
variation in the résistance value, relative to temperature,
ihcreases, resulting in that the devices in temperature-
compensating circuits in TCXO <can <compensate low
temperatures falling within a broad range. It is known
from Table 2 that the constant B (25, 50) and the constant
B (25, 140) of the samples of the present invention are

both higher than the constant B (-30, 25) thereof.
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si de conponent, a chronium oxide in an anount of fromoO.1 - 31 - to 30
nmol % in terns of chromum it is characterized in that it has a | ow
specific resistance at roomtenperature while having a high constant B of

hi gher than 3000 K. As havi ng such I mproved characteristics, t he
sem conductive ceram c device of the Dﬁ@éeht i nvention can be used for rush
current inhibition, for notor start-up retardation and for hal ogen | anp
protection, and can be used in tenperature-conpensated crystal
oscillators. :

Of the samples of the present invention having a
chromium content falling between 0.1 mol% and 30 mol%, all
the constant B (-30, 25), the constant B (25, 50) and the
constant B (25, 140) are higher than 3000 K. In particular,
of those having a chromium content falling between 0.5 mol$
and 10.0 mol%, the variation in the resistance-temperature
characteristic, relative to the chromium content, is stably
small. Thus, the samples of the present invention having a
chromium content of from 0.5 mol% to 10.0 mol% are the mosST
suitable as NTC devices to be in temperature-compensating
circuits in TCXO.

Fig. 2 shows the relationship between the chromium
content of the semiconductive ceramic device samples
prepared in Example 2 and the coﬁsFant B thereof, in which
_the vertical axis indicates the constant B (K) and the
horizontal axis indicates the chromium content (mol%). In
Fig. 2, @(filled circle) indicates the constant B (-30,
25); M(filled réctangle)indicates the constanf B (25, 50),
and E indicates the constant B (25, 140). As in Fig. 2,
the samples having a chromium content of 0.1 mol% or higher
all have a constant B of higher than 3000 K.

Conventional Example 2:
A semiconductive ceramic device sample was prepared

herein in the same manner as in Example 2, 'except that
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Tenﬁerature-conpensated crystal oscillators have been specifically
referred to herein, in which the device of the present invention is usable.
Apart fromthese, the device of the present invention is usable in any

ot her tenperature-conpensating circuits to be in ot her
instruments. Wile the invention has beth described in detail and with
reference to specific enbodi nents thereof, it will be apparent to one

skilled in the art that various changes and nodifications can be made
therein without departing fromthe spirit and scope thereof.

Mn304, NiO and Co304 as weighed in a ratio by weight of

6:3:1 were used herein.

The characteristics of the sample prepared herein were
determined in the same manner as in Example 2. The data
are shown in Table 2.

As in Table 2, the constant B (25, 50) at high
temperatures of the semiconductive ceramic device sample of
Conventional Example 2 is smaller than the constant B (-30,
25) thereof at low temperatures. In addition, the both
constants B are smaller than 3000 K. |

In the composition of the present invenfion, the molar
ratio of lanthanum to the sum of cobalt and chromium is not
limited to only 0.95/1 but may be within the scope between
0.50/1 and 0.999/1. If the molar ratio of lanthanum to me
sum of cobalt and chromium is larger than 0.899/1, the non-
reacted La203 in the sintered ceramic reacts with water in
air to be broken and can no more be used as the intended
device. If, however, the molar ratio is smaller than
0;50/1, the sintered ceramic is to have a small constant B
though having an enlarged specific resistance. If so, its
constant B is smaller than the constant B of conventional
semiconductive ceramic devices, and the device comprising
the sintered ceramic thus having such a small constant B is
not suitable to the use to which the present invention is

directed.
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- 32 - WHAT IS CLAIMED I'S: 1. A sem conductive ceram c conposition
conprising a | anthanum cobalt oxi de and having a negative resistance-
tenperature characteristic, which contains, as the side conmponent, a
chrom um oxide in an ampunt of from0.005 to 30 nol % in ternms of chrom um
2. A semiconductive ceranic conpositroﬁfchording to Caim1 including, as
t he side conponent, a chrom umoxide in an anount of fromO0.01 to 10 nol %
in terms of chromum 3. A sem conductive ceranic conposition according to
Caim1l1 including, as the side conmponent, a chrom um oxi de

If desired, lanthanum in the LaCo oxides for use in
the present.invention, such as those mentioned hereinabove,
may be partly or wholly substituted with any other rare
earth elements and bismuth to give, for | example,
Lag.9Ndg,1Co03, Lag.9Pro,1€003, Lag,9SmQ.1Co03 or
Ndg.95C003. |

In the above-mentioned examples, produced were
semiconductive ceramic discs. However, the semiconductive
ceramic device of the present invention is not limited to
only the shape of such discs but may be in'any other form
of laminated devices, cylindrical devices, square chips,
etc. In the above-mentioned examples, a silver palladium
alloy or platinum was used to form the outer electrodes on
the semiconductive ceramic devices. However, such is not
linitative, but any other electrode material of, for
example, silver, palladium, nickel, copper, chromium or
their alloys may also be employed to obtain similar
characteristics.

As has been described in detail hereinabove, there is
provided, according to the present invention, a
semiconductive ceramic composition comprising a lanthanum
cobalt oxide and a chromium oxide added thereto in an
amount of from 0.005 to 30 mol% in terms of chromium. The
composition may have a small specific resistivity at the

steady state, while having a high constant B of higher than
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in an amount of fromO.1 to 30 nol%in terns of chromum 4. A

sem conductive ceram c conposition according to Caim3 including, as the
si de conponent, a chrom um oxide in an amount of from0.5 to 10 nol % in
terms of chromum 5. A sem conducti.ve ceranm c conposition according to
Claim1 which is used to forma device 3%r™ rush-current inhibition. 6.
A sem conductive ceram c conposition according to Claiml which is used for
a device for notor start-up retardati on.

3000 K at high temperatures. In particular, the
composition having a chromium content of from 0.1 to 10
mol% may have a much higher constant B of higher than 4000
K at high temperatures.

‘Since the semiconductive ceramic composition of the
present invention comprises a rare earth-transition metal
oxide, especially a lanthanum cobalt oxide, it is
characterized in that it has a small specific resistance at
room temperature while having a higher constant B at high
temperatures than at low temperatures.

Since the semiconductive ceramic composition of the
present invention comprises, as the essential component, a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 30 mol% in

- terms of chromium, it has a small specific resistance at
the steady state and has a high constant B of higher than
3000 K. 1In parficular, the composition having a chromium
content of from 0.5 to 10 mol% may have a high constant B
of higher than 3500 K at high temperatures.

As having fhe above-mentioned characteristics, the
semiconductive ceramic composition of the present invention
can be used for forming devices to be usable in
temperature-compensated crystal oscillators and those to be
usable for rush current inhibition, for motor start-up

retardation and for halogen lamp protection.
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7. A sem conductive ceram c conposition according to Claiml which is
tised for a device for hal ogen | anp protection. 8  The sem conductive
ceram ¢ conposition according to claim3 which is used to forma device in
t enperature- conpensated crystal oscillators. 9. A sem conductive ceramc
devi ce conprising: a seniconductive cedric of a |lanthanum cobalt oxide
systemincluding, as the side conponent, a chrom um oxide in an anount of
fromO0.005 to 30 nol % in terns of chrom unm an el ectrode being formed on
the surface of said sem conductive ceram c. 10. A sem conductive
ceram c device according to

In addition, since the semiconductive ceramic
composition of the present invention comprises a lanthanum
cobalt oxide while containing a chromium oxide in an amount
of from 0.005 to 30 mol% in terms of chromium, it has a low
specific.resistance at the steady state while having a high

- B constant of higher than 2500 K at high temperatures.
Thus, being different from that of conventional
semiconductive ceramic devices, the difference in the
resistance of the device comprising-the composition of the
invention between the electrification thereof at room
temperature and that at high temperatures (140°C or so) is
large.

Moreover, since the semiconductive ceramic device of
the present invention comprises a rare earth-transition
element oxide, especially a lanthanum cdbalt oxide, it is
characterized in that it has a small constant B at room
temperature while having a large constant B at high
temperatures. fherefore, the device of the invention
cbnsumes a reduced amount of energy-at the steady state,
and therefore can be used in instruments through which
large currents shall run. -

In addition, since the semiconductive ceramic device
of the present invention comprises, as the essential
component, a lanthanum cobalt oxide and contains, as the

side component, a chromium oxide in an amount of from 0.1

Pe——
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claim9 wherein said sem conductive ceram c conprises a | anthanum cobal t

oxi de and contains, as the side conponent, a chrom um oxide in an anount of
from0.1 to 10 nol % in ternms of chrom um 11. A sem conductive ceramc
devi ce according to Claim9 wherein said | anthanum cobalt oxi de contai ns,

as the side conponent, a chrom um oxidedn an anount of from0.1 to 30 nol %
in terns of chromum 12. A sem conductive ceram ¢ device according to
Claim 11 wherein said | anthanum cobalt oxi de contains, as

to 30 mol% in terms of chromium, it is characterized in
that it has a low specific resistance at room temperature
while having a high constant B of higher than 3000 K.

As having such improved characteristics, the
semiconductive ceramic device of the present invention can
be used for rush current inhibition, for motor start-up
retardation and for halogen lamp protection, and can be
used in temperature-compensated crystal oscillators.
Temperature-compensated crystal oscillators have beén
specifically referred to herein, in which the device of the
present invention is usable. Apart from these, the device
of the present invention is wusable in any other
temperature-compensating circuits to be in other
instruments.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.




t he side conponent, a chrom umoxide in an amount of fromO0.5 to 10 nmol % in
terms of chromum 13. A sem conductive ceram c device accordi ng to Caim9
which is used to forma device for regul atl ng rush-—etr+ent-

sem conductive cerani ¢ device according to Claim9 which | S used to forma
device for notor start-up retardation. .~ A sem conHm H evi ce
according to daim9 which is used to forma device

protection. 16. The semi conductive ceranic device laccordi ng to CI aim1l
whi ch is used for tenperature-conpensated crystal

WHAT IS CLAIMED IS:

| 1. A semiconductive ceramic composition comprising a
lanthanum cobalt oxide and having a negative resistance-
temperature characteristic, which contains, as the side
component, a chromium oxide in an amount of from 0.005 to

30 mol% in terms of chromium.

2. A semiconductive ceramic composition according to
Claim 1 including, as the side component, a chromium oxide

in an amount of from 0.01 to 10 mol% in terms of chromium.

3. A semiconductive ceramic composition according to
Claim 1 including, as the side component, a chromium oxide

in an amount of from 0.1 to 30 mol% in terms of chromium.

4, A semiconductive ceramic composition according to
Claim 3 including, as the side component, a chromium oxide

in an amount of from 0.5 to 10 mol% in terms of chromiumn.

5. A semiconductive ceramic composition according to
Claim 1 which is used to form a device for rush-current

inhibition.

REPLACEMENT SHEET

16 MAY 1997




oscillators. REPLACEMENT SHEET

Cee MmN

6. A semiconductive ceramic composition according to
Claim 1 which is used for a device for motor start-up

retardation.

7. A semiconductive ceramic composition according to
Claim 1 which is used for a device for halogen lamp

protection.

8. The semiconductive ceramic composition according
to claim 3 which is used to form a device in temperature-

compensated crystal oscillators.

9. A semiconductive ceramic device combrising:

a semiconductive ceramic of a lanthanum cobalt oxide
system including, as the side component, a chromium oxide
in an amount of from 0.005 to 30 mol% in terms of chromium;

an electrode being formed on the surface of said

semiconductive ceramic.

10. A semiconductive ceramic device according to
claim 9 wherein said semiconductive ceramic comprises a
lanthanum cobalt oxide and contains, as the side component,
a chromium oxide in an amount of from 0.1 to 10 mol% in

terms of chromium.
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11. A semiconductive ceramic device according to
Claim 9 wherein said lanthanum cobalt oxide contains, as
the side component, a chromium oxide in an amount of from

0.1 to 30 mol% in terms of chromium.

12. A semiconductive  ceramic device according to
Claim 11 wherein said lanthanum cobalt oxide contains, as
the side component, a chromium oxide in an amount of from

0.5 to 10 mol% in terms of chromium. —

13. A semiconductive ceramic device according to
Claim 9 which is used to form a device for regulating rush-

current.

14. A _semiconductive ceramic device according to
Claim 9 which is used to form a device for motor start-up

retardation.

15. A semiconductive ceramic device according to
Claim 9 which is used to form a device for halogen lamp

protection.

16. The semiconductive ceramic device according to
Claim 11 which is used for temperature-compensated crystal

oscillators.
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SEMICONDUCTIVE CERAMIC COMPOSITION AND SEMICONDUCTIVE CERAMIC
DEVICE USING THE SAME '

AB T D L E

Provided is a semiconductive ceramic composition
comprising a lanthanum cobalt oxide and having.a negative
resistance-temperature characteristic, which contains, as
the side component, a chromium oxide in an amount of from
0.005 to 30 mol% in terms of chromium, and also a’
semiconductive ceramic device comprising the composition.
The device is usable for rush current inhibition, for motor
start-up retardation and for halogen lamp protection, amd
is also usable in temperature-compensated crystal

oscillators.

Fig 1
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