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TITLE OF THE INVENTION
SEMICONDUCTING CERAMIC COMPOUNDS HAVING NEGATIVE RESISTANCE-

TEMPERATURE CHARACTERISTICS WITH CRITICAL TEMPERATURES

BACKGROUND OF THE INVENTION
1. Technical Field of the Invention

The present invention relates to semiconducting ceramic
compounds which have negative resistance-temperature
characteristics with critical temperatures.

2. Description of the Related Art

Negative temperature coefficient semiconducting ceramics
(hereinafter referred to as NTC ceramics) whose electrical
. resistance is high at room temperature and drops with
temperature increase are known in the prior art. Examples of
materials for producing such NTC ceramics are oxides of
transition eleménts which have a spinel crystalline structure
and mainly contain a few elements' selected from aluminum,
manganese, iron, nickel, cobalt and copper, as well as
cobalt~-containing rare-earth oxides which have a perovskite
crystalline structure and mainly contain LaCoOj;.

NTC ceramic devices produced by forming electrodes on
each piece of an NTC ceramic material consisting essentially
of the oxides of some of the aforementioned transition
elements are used as rush current preventing devices for

switching regulators or for the protection of motors or
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characteristics with critical tenperatures..- 2. Description of the Related
Ar.t Negati ve tenperature coefficient sem conducting ceram cs
(hereinafter referred to as NIC ceram cs) whose electrical resistance is
high at roomtenperature and drops with tenperature increase are known in,
the prior art. Exanples of materials for producing such NTC ceram cs are
oxides of transition elenents which have a spinel crystalline structure
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| for instance. On the other hand, ' NTC ceramic devices
produced by forming electrodes on each piece of an NTC
ceramic material.. consisting essentially of a cobalt-
containing rare-earth oxide are commonly used as rush current
preventing devices for switching regulators or for the
protection of motors or halogen lamps, for instance.

Also known in the prior art.ére critical temperature
resistor semiconducting ceramics (hereinafter referred to as
CTR ceramics) whose electrical resistance sharply drops
beyond specific temperatures. Examples of materials for
producing such CTR ceramics are vanadium dioxide (VO,) and
nickel-containing rare-earth oxides, the latter including
SmNiO;, NdNiO;, PrNiO; and EuNiO,, for instance.

CTR ceramic devices produced by forming electrodes on
each piece of a CTR ceramic material consisting essentially
of VO, are used as temperature-sensing devices for fire-alarm
systems.

Although the aforementioned NTC ceramics composed
essentially of the oxides of some of the transition elements
and the NTC ceramics consisting essentially of the cobalt-
containing rare-earth oxides have negative resistance-
temperature characteristics, neither of them exhibit critical
temperatures at which their resistance sharbly'drops. It has
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NTC ceram c devi ces produced by formng el ectrodes on each piece of an NTC
ceramc material consisting essentially of the oxides of sone of the
aforementioned transition elenments are used as rush current preventing
devices for switching regulators or for the protection of notors or .
This is the replacenent sheet - 2-

therefore been heééésary to use the conventional NTC ceramic
devices together with a controlling microcomputer circuit
when applying them to switching on-off operations, and this
has resulted in large component sizes and high costs of
materials.

Whiie the CTR ceramics consisting essentially of VO,
have such characteristics that their resistivity drops from
104 ohm-centiineters to 10 ohm-centimeters in a temperature
range of 60°C to 80°C, they are not in a stable phase at room
temperature. This develops a problem that these CTR ceramics
can be destroyed in when brought into contact the air or
moisture. Furthermore, since their critical temperatures are
restricted within the range of 60°C to 80°C, their
applications are limited to temperature-sensing devices for
fire-alarm systems.

The resistance of the CTR ceramics consisting
essentially of the aforementioned nickel-containing rare-
earth oxides sharply drops beyond specific temperatures
(metal-to-semiconductor phase transition temperatures) as
discussed in a paper presented by J.B. Torrance, et al.
.(FIGS. 1 and 2 on page 8,210 of Physical Review B45 [14],
1990) Such characteristics of the CTR ceramics, particularly
SmNiO;, NdNiO; and PrNiO;, are also discussed in a paper
presented by P. Lacorre, et al. (FIG. 4 on page 225 of Solid

State Chemistry, 1991)
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‘hal ogen | anps, or as tenperature-sensitive devices for tenperature sensing
‘or for detecting the surface of a liquid, for .instance. On the other
:hand, NTC ceram c devices produced by form ng el ectrodes on each piece of
‘an NTC ceramic material consisting essentially of a cobalt- containing
rare-earth oxide are commonly used as rush current preventing devices for
'switching regulators or for the protection of notors or hal ogen |anps, for
instance. Al.so_kno in the prior art are critical tenperagture
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temperatures, neither of them indicates specific shapes of
the samples. It is therefore impossible to know their
resistivities or c¢onductivities, especially at room
temperature (25°C), from the papers. The inventor of the
present invention analyzed the crystalline structures of the
same samples by using the X-ray diffraction method and
succeeded in identifying NdNiO; and PrNiO; in the samples.
An analysis of the sample containing SmNiO; revealed a
diffraction pattern.seemingly produced by SmNiO,, but there
was found a diffraction pattern of NiO as well. Therefore,
it was impossible to determine that the CTR characteristics
of that sample was caused by SmNiO, alone.

Substituting lanthanum (La) for 30% of neodymium (Nd)
contained in NdNiO; reduces its phase transition temperature
from -70°C to -170°C as discussed in a paper presented by
J.B. Garcia-Munoz, et al. (FIG. 1 on page 15,198 of Physical
Review B5 [21], 1995) However, it is not certain whether the
phase transition temperature can be altered by substituting
a rare-earth element, rather than lanthanum (La), for

neodymium (Nd).

SUMMARY OF THE INVENTION
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produci ng such CTR ceram cs are vanadi um di oxi de (VQ2) and

ni‘ckel -containing rare-earth oxides, the latter including SniNi G3, NdNi C3,

PrNi 3 and EuNi @3, for instance. CTR ceram c devi ces produced by
form ng el ectrodes on each piece of a CIR ceram c material consisting

essentially
fire-alarm
essentially

cerani cs consi st

Qgﬂf%+%§?&éfﬁét%§£ﬁic A ha VAP eGR I Ve Ses 1EELABE-O
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t hem exhi bi t

of VO[err] are used as tenperature-sensing devices for

systens. Al t hough the af orenenti oned NTC ceram cs conposed
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cri
temperature characteristics, wherein their resistivity

sharply drops beyond specific critical temperatures and such
temperatures can be freely set to a desired level.

According to an important aspect of the invention, a
semiconducting ceramic compound has negative resistance-
temperature characteristics with a critical temperature and
consists essentially of a rare-earth tramnsition element
oxide which is an oxide of a combination of Ln and nickel
(LnNi), wherein Ln is an element selected from a group
including bismuth and rare-earth elements but excluding
lanthanum and cerium.

In another aspect of the invention, the oxide_of-LnNi is
an oxide of a combination of samarium and nickel (SmNi).

In still another aspect of the invention, the oxide of
SmNi consists essentially of SmNiO;.

In a further aspect of the invention, samarium contained
in SmNiO; is partially replaced by a group of elements
selected from praseodymium, neodymium, europium, gadolinium,
yttrium, dysprosium and bismuth. .

The aforementioned semiconducting ceramic compound of
the invention is suited for use in a rush current preventing
device, a soft-start control device for a motor, and a

temperature-sensing device.
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ténperatures at which their resistance sharply drops. It has
This is the replacenent sheet
t heref ore been necessary to use the conventional NTC ceram ¢

together with a controlling mcroconputer circuit when applying themto

switching on-off operations, and this

The semicondﬁcting ceramic compound of the invention
consisting essentially of the oxide of LnNi has negative
resistance-temperature characteristics, wherein
resistivity of the compound is large below a phase transition
temperature and sharply drops beyond that phase transition
(or critical) temperature. This semiconducting ceramic

compound exhibits a large difference in electrical resistance

- 3-
devi ces

between its energized and non-energized conditions.

The semiconducting ceramic compound

essentially of the oxide of SmNiO; exhibits
resistance-~temperature characteristics with its resistance
sharply decreasing in a temperature range between 100°C and
140°C. Accordingly, a device constructed with this

semiconducting ceramic - compound can be used with least

consisting

negative

influence of environmental and operating conditions.

The semiconducting ceramic compound of the invention
having negative resistance-~temperature characteristics with
a critical temperature and consisting essentially of the
oxide of LnNi can be used to produce rush current preventing
devices for switching regulators or for the protection of
motors or halogen lamps, soft-start control devices for
motors, or temperature-sensitive devices for temperature

sensing, liquid surface detection, overheat prevention or for

fire-alarm systems.

The semiconducting ceramic compound of the invention
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has resulted in | arge conponent sizes and high costs of materials.

Whil e the CTR ceram cs consisting essentially of V02 have such
characteristics that their resistivity drops from 10[err] ohmcentineters
to 10 ohmcentinmeters in a tenperature range of 60[err]C to 80[err]C, they,
are not in a stable phase at room tenperature. This devel ops a problem
that these CIR ceram cs can be destroyed in when brought into contact the
air or noisture. Furthegnore
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| - oxide of SmNiO; can be used for producing rush current
preventing devices, soft-start control devices for motors, or
for the protection of halogen lamps. Furthermore, the phase
transition temperature can be set to a desired value by
completely or partially replacing samarium contained in
SmNiQO; with neodymium or gadolinium, making the compound even
more suited to liquid surface detection a_nd temperature-

sensing applications.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a graph' showing resistance-temperature
characteristics of semiconducting ceramic devices according

to first and second embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIRST EMBODIMEﬁT
A powdered compound containing nickel (Ni), such as
Ni;O;, NiO or Ni(OH), a powdered compound containing samarium
(Sm), such as Sm;0; or Sm(OH);, and a powdered compound
containing neodymium (Nd), such as Nd,0; or Nd(OH), were
weighed ‘and mixed so that a molar ratio of the sum of

samarium and neodymium to nickel ((Sm+Nd)/Ni) becomes 0.98,
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The resistance of the CITR ceramcs consisting essentially of the
af-orenenti oned ni ckel -containing rare- earth oxides sharply drops beyond
specific tenperatures (netal-to-sem conductor phase transition
tenperatures) as discussed in a paper presented by J.B. Torrance, et al.
(FIGS. 1 and 2 on page 8,210 of Physical Review B45 [14], 1990) Such
characteristics of the CIR ceramcs, particularly SmNiJerr], NN 3 and

(e o R sheo g7 S Pl pah O3 o, i b 860 e sl ¥t
after a later sintering process. This mixture was blended
and pulverized in a ball mill through a 24-hour wet milling
process, mixed with a binder, and further blended in the ball
mill for another ..one hour. The resultant compound was
filtered, dried, and press-molded at a pressure of 2 lt/cmz.
This semifinished molded product was sintered in oxygen which
was maintained at a temperature of 900°C for a period of two
hours to eliminate the binder, and then in a hot isostatic
pressing (HIP) furnace containing oxygen which was n;aintained
at a temperature of 1000°C and a pressure of 2000 bars for a
period of four hours to eventually obtain a disklike sintered
product measuring 9 mm in diameter and 3 mm in thickness.
External electrodes composed of silver were formed on both
sides of this sintered product by a vacuum evaporation method
to complete a semiconducting ceramic device.

Samples of semiconducting ceramic devices thus obtained
were subjected to various measurements to evaluate their
characteristics. More specifically, temperatures (Tc) at
which the temperature coefficient of resistahce changes from
a negative value to a positive value, temperature-dependent
changes iﬁ resistance' (¥), and resistivities (p) at different
temperatures were measured, and measurement results are shown
in Table 1. Since the temperature at which the temperature

coefficient of resistance of each sample begins to sharply

8
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Al t hough these papers give resistance values of different

sanples in ohns at about their phase transition tenperatures, neither of
them i ndi cates specific shapes of the sanpl es. It is therefore

i mpossible to know their resistivities or conductivities, especially
at  room tenperature (25[err]C), fromthe papers. The inventor of the
present invention analyzed the crystalline structures of the sane sanples

by using the,Xcay di{lEactiph ! NogeRRdeyS SHSPI8dnbBrh EERELEXpBRANHN O3

and PrN O3 |

change in resistance (y) is expressed by the following

formula:

$ = log;p{R(Tc - 50)/R(Tc)}

‘Table 1
Amount of- Tc P p (Tc) p (25°C) |
substitution (°C) (Scm) (Rcm)
X
134 2.04 0.00026 0.18
0.1 114 2.14 0.00022 0.12
0.2 94 2.20 0.00019 0.070
74 2.22 0.00018 0.042
54 . 2.26 0.00017 0.019
0.5 34 2.31 0.00015 0.020
0.6 14 2.31 '0.00014 0.00019
0.7 -4 2.40 0.00010 0.00024
-24 2.37 0.00012 0.00038
-44 2.40 0.00012 0.00052
-62 2.44 0.00011 0.00063

SECOND EMBODIMENT
A powdered compound containing nickel (Ni), such as
Ni;0;, NiO or Ni(OH) , a powdered compound containing samarium
(Sm), such as Sm,0; or Sm(OH);, and a powdered compound
containing gadolinium (Gd), such as Gd,0; or Gd(OH); were
weighed and mixed so that a molar ratio of the sum of
samarium and gadolinium to nickel ((Sm+Gd)/Ni) becomes 0.98,

and thereby the chemical formula (Sm; ,Gd,),.sNiO; is satisfied
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An anal ysis of the sanple containing SnNi 3 revealed a diffraction pattern
seem ngly produced by SnNi O3, but there was found a diffraction pattern of
Ni O as well. Therefore, it was inpossible to determ ne that the CIR
characteristics of that sanple was caused by SnNi O3 al one.
Substituting | anthanum (La) for 30% of neodym um (Nd) contained in
NdNi J err] reduces its phase transition tenperature from-70[err]Cto

(A L R Sodasehon A, Faeaet 1} BenSRpt Supltes, ol
Subst ¢ ut i n o g " SR b T HRR, PRLRTReC FrOf ren iy
mixture using the same production method as used in the first
"embodiment.
These semiconducting ceramic devices were subjected‘to.
various measurements to evaluate their characteristics in the

same manner as the first embodiment, and measurement results

are shown in Table 2.

Table 2
Amount of |. Tc . ¥ p (Tc) p (25°C)
substitution (°C) (Qcm) (Rcm)
% :
0.0 134 2.04 0.00026 0.18
154 - 2.04 0.00028 0.25
0.2 - 174 2.00 0.00031 0.32
0.3 194 1.95 0.00035 0.37
0.4 214 1.92 0.00038 0.41
0.5 234 -1.89 0.00041 0.46
254 1.85 0.00045 0.51
0.7 274 1.82 0.00048 0.55
294 1.79 0.00051 0.59
0.9 314 1.79 0.00051 0.63
334 1.74 0.00057 0.67

FIG. 1 is a graph showing resistance-temperature
characteristics of the semiconducting ceramic devices
obtained in the first and second embodiments described above.
It can be seen from this Eigure that nickel-containing rare-
earth oxides of the embodiments exhibit negative resistance-

10
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neodyn1un1(hh) SUVMARY OF THE | NVENTI ON

It is an object of the invention to provide sem conducting
. ceram ¢ conmpounds havi ng negative resistance- tenperature characteristics,
“wherein their resistivity sharply drops beyond specific critical «
tenperatures and such

teﬁperature characteristics with critical temperatures.

The aforementioned semiconducting ceramic materials (Sm;.
«Nd;)o.0sNi0; and (Sm;_ Gd,)o.9sNiO; exhibit negative te_mperature'
coefficients below their phase transition temperatures,
.positive temperature coefficients beyond their phase
transition temperatures. With these nickel-containing rare- .
earth oxides (éomposed of rare~earth elements and NiQO;), it
is possible to obtain a desired phase transition temperature
by choosing a proper mixing ratio of the individual rare-
earth elements.

In particular, SmgNiO; and those ceramic materials
which are produced by partially substituting neodymium (Nd)
for samarium (Sm) contained in Smy ¢gNiO; exhibit far superior
characteristics, compared to the conventionally known ceramic
materials, when used in rush current preventing devices,
soft-start control devices for motors, or temperature-sensing
devices. The rush current preventing effect of Smy ¢zNiO;, for
example, does not decrease so much éven when switching on-off
operations are repeated because its resistance varies by a
factor of over 100 between 100°C and 140°C.

Since Smy ¢gNiO; has a B constant of 1400K at 25°C, which
is lower than that of conventional thermistors used for
preventing rush current, it is possible to reduce variations

of the rush current preventing effect caused by temperature

11
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tenperatures can be freely set to a desired |evel. According to an

| nportant aspect of the invention, a sem conducting ceram c conpound has
negative resistance- tenperature characteristics with a critical
tenperature and consists essentially of a rare-earth transition el enent ,
oxi de which is an oxide of a conbination of Ln and nickel (LnN), wherein
Ln is an elenent selected froma group including bismuth and rare-earth

el ements but excludip | apt hanum and ceri L ,anot her aspect of
t He i nventi fhaRgRS oB??o%q‘b*P‘E?N rg’%tw%‘ﬁ“oigﬁleco?n% %@n%f nation of samarium

and ni ckel (SN )y oover) T G c@MPEARLA 2EREA! SR . N10, | A¥F"Bé *Rept NEn

oxi de of
air without Sealing because the material is stable even at

room temperature.

The molar ratio of the sum of rare-earth elements to
nickel is not limited to 0.98, but may take other values
chosen between 0.80 and 1.05. Also, the molar ratio of
samarium to nickel is not limited to 0.98, but may be set to
1.00, for example.

If it is desired to reduce the phase transition
temperature of SmNiO;, samarium contained in it should be
completely or partially replaced not only with neodymium but
also with praseodymium (Pr) or lanthanum (La). - On the
contrary, if it is desired to increase its phase transition
temperature, samarium contained in it should be completely or
partially replaced not only with gadolinium but also with
europium (Eu), terbium (Tb), dysprosium (Dy), holmium (Ho),
erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu),
yttrium (Y) and bismuth (Bi). It is to be noted, however,
that a technique of partial substitution by lanthanum is
known in the prior art and is not included in this invention.

Although the semiconducting ceramic materials of the
foregoing embodiments were obtained by sintering in the HIP
furnace, such ceramic products may be obtained by using a

single crystal growth process, or a thick-film or thin-film

12
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STNi consi sts essentially of SniNi G3. In a further aspect of the

I nvention, samariumcontained in STNiG3 is partially replaced by a group
of elenments selected from praseodym um neodym um europi um gadolinium
yttrium dysprosium and bi smnut h. The af orenenti oned sem conducti ng
ceram ¢ conpound of the invention is suited for use in a rush current
preventing device, a soft-start control device for a notor, and a

t enper at ur e-sensj ng devi ce. . . .
il formin proceéss instead of the sintering process.

Furthermore, the HIP furnace is not absolutely necessary for
thé production of those semiconducting ceramic materials.
Alternative techniques usable for their production include
such synthesis methods as a hydrothermal synthesis method,
sol-gel method, atomized thermal decomposition method, and
chemical vapor deposition (CVD) method. The sintering
atmosphere may be filled with ozone, or an oxidizer, such as
hydrogen peroxide, may be added to raw materials when they
are being mixed so that the oxygen content of the sintering
atmosphere becomes excessive .

While the invention has been described with reference
to the disklike éemiconducting ceramic devices in foregoing
embodiments, the invention is not necessarily limited to that
shape of devices but. may be applied to other types, and
forms, of semiconducting ceramic devices, which include
multilayered devices, cylindrical-shaped devices, and square-
chip devices, for example. Acbording to the aforementioned
embodiments, the electrodes of the semiconducting ceramic
devices were formed on their external surfaces. In a
modified form of the invention, electrodes may be formed
inside each of the semiconducting ceramic devices.

Although the electrodes were formed from silver in the
aforementioned embodiments, other electrode materials,_such

as palladium, platinum, nickel, copper, chromium, an alloy

13
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- 6- J The sem conducting ceram c conpound of the invention consisting
essentially of the oxide of LnNi has negative resistance-tenperature

Characteristics, wherein the resistivity of the conpound is |arge
‘bel ow a phase transition tenperature and sharply drops beyond that phase
transition (or critical) tenperature. This sem conducting ceramc

conpound exhibits a large difference in electrical resistance between its
energi zed an

Corduna CeRPRIRNE kLTt ok 8 s hon sude TR Y P eReER e
changing electrical characterlstlcs of the individual
devices. Furthermore, the electrode-forming method is not
limited to wvacuum evaporation. Other methods usable for
producing the electrodes include thin-film technology such as

sputtering, ~electroless plating, and thick-film forming

techniques such as plating and printing.
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resi stance-tenperature characteristics with its resistance sharply

decreasing in a tenperature range between 100[err]C and—3146ferr}C—
Accordingly, a device constructed with this semc dﬁgting ceram c

‘conpound can be used with | east influence of environnenty laced) .

condi tions. The sem conducting ceram ¢ conpound of’ [ ﬂ Er ’ -

havi ng negative resistance-tenperature characteristics w

tenperature and consisting essentially of the oxide of LnNi can be used to

pr oduce rusHW%%?r%%tCBP§¥€Rt1ﬁ§ devices for switching regulators or for

the protection of nn;grs of sof - st ntrol devigces for
Lturebs®

hal | t
motors, or tenper ﬁ§+??€g8%€€?g2§8$%mlgeﬁg@p&@ﬁggﬁav1ng negative

resistance-temperature characteristics with a critical
temperature, said compound consisting essentially of a rare-
earth transition elemeﬁt oxide which is an oxide of a
combination of Ln and nickel (LnNi), wherein Ln is an element
selected from a group including bismuth and rare-earth
elements but excluding lanthanum and cerium.

2. The semiconducting ceramic compound as defined in
claim 1, wherein said oxide of InNi is an oxide of a
combination of samarium and nickel (SmNi).

3. The semiconducting ceramic compound as defined in
claim 2, wherein said oxide of SmNi consists essentially of
SmNiO;.

4. The semiconducting ceramic compound as defined in
claim 3, wherein samarium contained in SmNiQ, is partially
replaced by a group of elements selected from praseodymium,
neodymium, europium, gadolinium, yttrium, dysprosium and
bismuth.

5. The semiconducting ceramic compound as defined in
claim 1, 2, 3 or 4 for use in a rush current preventing
device.

| 6. The semiconducting ceramic compound as defined in
claim 1, 2, 3 or 4 for use 1in a soft-start control device

for a motor.

15
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sénsing, |l iquid surface detection, overheat prevention or for - fire—atarm——
syst ens. The sem conducting ceram c conpound of the inveyg dggfhstnR taced
€place

-7 havi ng negative resistance-tenperature characteristics w
ccritical tenperature and consisting essentially of the oxi del wsﬂuﬂ%rm ’
be used for producing rush current preventing devices, soft- I :
devices fqr notors, or

7. The semiconducting ceramic compound as defined in

claim 1, 2, 3 or 4 for use in a temperature-sensing device.

16
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for the protection of halogen |anps. Furthernore, the phase transition
tenperature can be set to a desired value by - conpletely or partially
repl aci ng samariumcontained in SmNi O3 wi th neodym um or gadol i ni um
maki ng the conpound even nore suited to |liquid surface detection and

t enper at ur e-
THE DRAW NG

sensi ng applications. BRI EF DESCRI PTI ON OF
FIG 1 is a graph- showing resistance-tenperature

characterfsticé of seniconduc%%gggﬁe&aggcTﬁ%vb&%%Lagﬁﬁ%ding to first and

second enbodi nents of the inv

A semiconducting ceramic compohnd has negative
resistance-temperature characteristics with a critical
temperature and consists essentially of a rare-earth
transitioﬁ element oxide which is an oxide of a combination
of In and nickel (LnNi), wherein Ln is an element selected
from a group including bismuth and rare-earth elements but
excluding lanthanum and cerium. The resistivity of this
semiconducting ceramic compound sharply drops beyond a
specific critical temperature and such critical temperature

can be freely set to a desired level.
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDI MENTS

FI RST EMBODI M L B ::s A2 0o ' .

"Ni 3G38, Ni O or a povvdered corrpound cont ai ning samarium (Sm, such
‘as Snk03 or S %3 and a povvd@@d conmpound contai ni ng neodym um ( Nd), .
such®as Nd2G3 or (OH) 3 were weighed and m xed so that a nolar ratio of
the sumof S m and neodym umto nickel ((SmtNd)/N ) becones 0.98,
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TEMPERATURE CHARACTERISTICS WITH CRITICAL TEMPERATURES

- BACKGROUND OF THE INVENTION
1. Technical Field of the Invention
The present invention relates to semiconducting ceramic

have resistance-temperature

compounds which

negative
characteristics with critical temperatures.
2. Description of the Related Art

Negative temperature coefficient semiconducting ceramics
(hereinafter referred to as NTC ceramics) whose electrical
resistance is high at room temperature and drops with
temperature increase are known in the prior art. Examples of
materials for producing such NTC ceramics are oxides of
transition elements which have a spinel crystalline structure
and mainly contain a few elements selected from aluminum,
manganese, iron, nickel, cobalt and copper, as well as
cobalt-containing rare-earth oxides which have a perovskite
crystalline structure and mainly contain LaCoO;.

NTC ceramic devices produced by forming electrodes on
.each piece of an NTC ceramic material consisting essentially
of the oxides of some of the aforementioned transition
elements are used as rush current preventing devices for

switching regulators or for the protection of motors or
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period of four hours to eventually obtain a disklike sintered product
.measuring 9 mmin dianeter and 3 nmin thickness. External electrodes
conposed of silver were forned on both sides of this sintered product by a
vacuum evaporation nethod to conplete a sem conducting ceram c devi ce.
Sanpl es of sem conducting ceranic devi ce® thus obtained were subjected to
various neasurenents to evaluate their characteristics. Mre
specifically, tenperatures (Tc) at which the tenper.ature ﬁoetficiegt of
resi st ance %ﬁh‘?@%& flRS a RIga@s e LEIPEEALY TS ~FEOSLNIY S affELCES ToOr

2t i 1 er enEeMPERRENES AR 4 ST iR MEHeCERRS EAE RS A ol LATHI” Shomn
for instance. On the other hand, NTC ceramic devices
. produced by forming electrodes on each piece of an NTC
ceramic material.. consisting essentially of a cobalt-
containing rare-earth oxide are commonly used as rush current
preventing devices for switching regulators or for the
protection of motors or halogen lamps, for instance.

Also known in the prior art are critical temperature
resistor semiconducting ceramics (hereinafter referred to as
CTR ceramics) whose electrical resistance sharply drops
beyond specific temperatures. Examples of materials for
produciﬁg such CTR ceramics are vanadium dioxide (VO,} and
nickel-containing rare-earth oxides, the latter including
SmNiO;, NdNiO;, PrNiO; and EuNiO,, for instance.

CTR ceramic devices produced by forming electrodes on
each piece of a CTR ceramic material consisting essentially
of VO, are used as temperature-sensing devices for fire-alarm
systems.

Although the aforementioned NTC ceramics composed
essentially of the oxides of some of the transition elements
and the NTC ceramics consisting essentially of the cobalt-
containing rare-earth oxides have negative resistance-
temperature characteristics, neither of them exhibit critical

temperatures at which their resistance sharply drops. It has
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I n Table 1. Since the tenperature at which the terrperature coefficient of
.resi stance of each sanple begins to sharply

This is the replacenent sheet -9-
drop is difficult to identify, its tenperature-dependent change in

resistance ([err]) is expressed by the f@lowing fornula:

therefore been necessary to use the conventional NTC ceramic
devices together with a controlling microcomputer circuit
when applying them to switching on-off operations, and this
has resulted in large component sizes and high costs of
materials.

While the CTR ceramics consistihg essentially of VO,
have such characteristics that their resistivity drops from
10 ohm-centimeters to 10 ohm-centimeters in a temperature
range of 60°C to 80°C, they are not in a stable phase at room
temperature. This develops a problem that these CTR ceramics
can be destroyed in when brought into contact the air or
moisture. Furthermore, since their critical temperatures are
restricted within the range of 60°C to 80°C, their
applications are limited to temperature-sensing devices for
fire-alarm systems.

The resistance of the CTR ceramics consisting
essentially of the aforementioned nickel-containing rare-
earth oxides sharply drops beyond specific temperatures
(metal-to-semiconductor phase transition temperatures) as
discussed in a paper presented by J.B. Torrance, et al.
(FIGS. 1 and 2 on page 8,210 of Physical Review B45 [14],
1990) Such characteristics of the CTR ceramics, particularly
SmNiO;, NdNiQ; and PrNiO,, are also discussed in a paper
presented by P. Lacorre, et al. (FIG. 4 on page 225 of Solid

State Chemistry, 1991)
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[err] Table 1 Anmount of Tc p (Tc) . p (25[err] Q)
0.0

.substitution ([err] O ([err]crr) ([err]cm

134 2.04 0. 00026 0.18 114 2.14

0. 00022 0.12 0.2 94 2 20 0. 00019 0. 070
0.3 74 2.22 0.00018 4.-0.042 0.4 54
2.26 . 0.00017 0. 019 0.5 34 2.31 0. 00015
0. 020 0.6 14 2.31 0. 00014, 0. 00019 LT
-4 2 .40 Althqpq}bomheseo BBBQES glveo g:es:.stance 2 4values zog7

2' 80012 8 ggerent sgmgges in @%ﬂt abau&oégglr phaseO J:QéLr%sz.tlgn 00052

SECOND EVBQRLMENT, 1 res, “h8OLRSE o C RBRU I AYNAS by £ sl dfds SHCN s

the samples. It is therefore impossible to know their
resistivities or conductivities r especially at room
temperature (25°C), from the papers. The inventor of the
present invention analyzed the crystalline structures of the
same samples by using the X-ray diffraction method and
succeeded in identifying NdNiO; and PrNiO; in the samples.
An analysis of the sample containing SmNiO; revealed a
diffraction pattern seemingly produced by SmNiQO,;, but there
was found a diffraction pattern of NiO as well. Therefore,
it was ;'.inpossible to determine that the CTR characteristics
of that sample was caused by SmNiQO; alone.

Substituting lanthanum (La) for 30% of neodymium (Nd)
contained in NdNiQ,; reduces its phase transition temperature
from -70°C to -170°C as discussed in a paper presented by
J.B. Garcia-Munoz, et al. (FIG. 1 on page 15,198 of Physical
Review B5 [21], 1995) However, it is not certain whether the"
phase transition temperature can be altered by substituting
a rare-earth element, rather than 1lanthanum (La), for

neodymium (Nd).

SUMMARY OF THE INVENTION
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Ni. 303, NNO or N (OH), a powdered conpound containing samarium (Sm, such
as SnR03 or Sm(OH) 3, and a powdered conpound containing gadolinium (&),
such as Gd2G3 or GJ(OH)3 were weighed and m xed so that a nolar ratio of
the sum of samarium and gadoliniumto nickel ((SmtGd)/Ni) becones 0.98,
and thereby the chem cal formula (Sn{er?ﬁiﬁy)O.QBNiCB Is satisfied

- 10 - after a later sintering process. Several sanples of

It is an object of the invention to provide
semiconducting ceramic compounds having negative resistance-
temperature characteristics, wherein their resistivity
sharply drops beyond specific critical temperatures and such
temperatures can be freely set to a desired level.

According to an important aspect of the invention, a
semiconducting ceramic compound has negative resistance-
temperature characteristics with a critical temperature and
consists essentially of a rare-earth transition element
oxide which is an oxide of a combination of Ln and nickel
(LnNi), wherein Ln is an element selected from a group
including bismuth and rare-earth elements but excluding
lanthanum and cerium.

In another aspect of the invention, the oxide of LnNi is
an oxide of a combination of samarium and nickel (SmNi).

In still another aspect of the invention, the oxide of
SmNi consists essentially of SmNiO;.

In a further aspect of the invention, samarium contained
in SmNiO; is partially replaced by a group of elements
selected from praseodymium, neodymium, europium, gadolinium,
yttrium, dysprosium and bismuth.

The aforementioned semiconducting ceramic compound of
the invention is suited for use in a rush current preventing
device, a soft-start control device for a motor, and a

temperature-sensing device.
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sem conducting ceram c devices were obtained fromthis
sane production nethod as used in the first enbodi nent . These
sem conducting ceram c devices were subjected to

m xture using the

vari ous neasurenents to

evaluate their characteristics in the sane manner as the first enmbodi nent,

1.

and neasurenent results are shown in Tafle 2. Table 2 Armount of

Tc p (Tc) p (25[err]C) substitution ([err] O
g[ 866]2(6;”) O.ng eéétl\fglﬁdlictingxcerafg.& Oégmpounf ng Jt%é Oub‘fﬁﬁ%l.c(:)rf'
0. 25 0.2 .. 174. : - 40Q. 0003 . 0. .

194 ce sting o_eﬁﬁﬁﬁglally 05.2 Jthe oxldgologp I];nNJ. hasszfazgatlve
8' 22038 resi%tdajnce-tempe(?r&ure chafrdtteristits®? wher8if004khe

resistivity of the compound is large below a phase transition
temperature and sharply drops beyond that phase transition
(or critical) temperature. This semiconducting ceramic
compound exhibits a large difference in electrical resistance
between its energized and non-energized conditions.

The semiconducting ceramic compound consisting
essentially of the oxide of 8SmNiO; exhibits negative
resistance-temperature characteristics with its resistance
sharply decreasing in a temperature range between 100°C and
140°C. = Accordingly, a device constructed with this
semiconducting ceramic compound can be used with least
influence of environmental and operating conditions.

The semiconducting ceramic compound of the invention
having negative resistance-temperature characteristics with
a critical temperature and consisting essentially of the
oxide of LnNi can be used to produce rush current preventing
devices for switching regulators or for the protection of
motors or halogen lamps, soft-start control devices for
motors, or temperature-éensitive devices for temperature
sensing, liguid surface detection, overheat prevention or for

fire-alarm systems.

The semiconducting ceramic compound of the invention

0.3
92
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0.6 254 1.85 0. 00045 0.51 0.7

274 1.82 0. 00048 0.55 0.8 294 1.79
0. 00051 0.59 0.9 314 1.79 0. 00051
0. 63 1.0 334 1.74 0. 00057 0. 67 FI G

1 is a graph showing resistance-tehpkerature characteristics of the
sem conduct i ng ceram c devi ces obtained in the first and second
enbodi nent %}jﬁ escri bed above. can be seen fromthis F{__ ur e Ihat

ni ckel - contM ¥, l}e%aetlveea??%%sﬁ’lfé%“ﬁmq?féa%%%a‘?%ﬁg B iEbER i ve

resistancea critical temperature and consisting essentially of the
oxide of SmNiO; can be used for producing rush current
preventing devices, soft-start control devices for motors, or
for the protection of halogen lamps. Furthermore, the phase
transition temperature can be set to a desired value by
completely or partially replacing samarium contained in
SmNiO; with neodymium or gadolinium, making the compound even
more suited to liquid surface detection and temperature-

sensing applications.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a graph showing resistance-temperature
characteristics of semiconducting ceramic devices according

to first and second embodiments of the inwvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIRST EMBODIMENT
A powdered compound containing nickel (Ni), such as
Ni;O;, NiO or Ni(OH), a powdered compound containing samarium
(Sm), such as Sm,0; or Sm(OH);, and a powdered compound
containing neodymium (Nd), such as Nd,0, or Nd(OH); were
weighed énd mixed so that a molar ratio of the sum of

samarium and neodymium to nickel ((Sm+Nd)/Ni) becomes 0.98,
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tenperature characteristics with critical tenperatures. The

-af orenenti oned sem conducting ceramc materials (Snferr]-
[err]Nd[err])[err]Ni3 and (Snferr] Gdy)[err] Ni @B exhi bit negative
tenperature coefficients below their phase transition tenperatures,
positive tenperature coefficients beyonﬂ.iheir phase transition
tenperatures. Wth these nickel-containing rare- earth oxides (conposed of

e o ERareRa e FHamat, BRI ok oo ahder 2 BRESReR S

rare- earth gl ements, or sinddbily Wiy, STRLIENBA0d 1095818848 ©
and pulverized in a ball mill through a 24-hour wet milling
process, mixed with a binder, and further blended in the ball
mill for another -one hour. The resultant compound was
filtered, dried, and press-molded at a pressure of 2 t/cm?.
This semifinished molded product was sintered in oxygen which
was maintained_at a températu;e of 900°C for a period of two
hours to eliminate the binder, and then in a hot isos:atic
pressing (HIP) furnace containing oxygen which was ﬁaintained
at a temperature of 1000°C and a pressure of 2000 bars for a
period of four hours to eventually obtain a disklike sintered
product“measuring 9 mm in diameter and 3 mm in thickness.
External electrodes composed of silver were formed on both
sides of this sinteréd product by a vacuum evaporation method
to complete a semiconducting ceramic device.

Samples of semiconducting ceramic devices thus obtained
were subjected to various measurements to evaluate their
characteristics. More specifically, temperatures (Tc) at
which the temperature coefficient of resistance changes from
a negative value to a positive value, temperature-dependent
changes in resistance (§), and resistivities (p) at different
temperatures were measured, and measurement results are shown

in Table 1. Since the temperature at which the temperature

coefficient of resistance of each sample begins to sharply
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whi ch are produced by partially substituting neodym um (Nd) for samarium
(Sm contained in Snferr] Ni @B exhibit far superior characteristics,
conpared to the conventionally known ceramic materials, when used in rush
current preventing devices, soft-start control devices for notors, or '
tenperature-sensing devices. The rusit durrent preventing effect of
Snferr]Ni 3, for exanple, does not decrease so much even when sw tching
on-off operations are repeated because its resistance varies by a factor

of over 1001%RR wé&n @Gtﬁ’é?‘%l}‘t &Rd HdRpeEy C. 1ts te@%%%"—‘!#ﬁﬁ? Wienthas a

B const ant of 1400K at err]C, which, is |lower t of _. convent i onal
t her ni st or ShehGe f &R {5? E‘?J‘?@ r6h &8r r%:mre§§e$ r}’é’ gf‘ﬁl ‘?“é'd?ﬁ:e
variations formulas
¥ = log,{R(Tc - 50)/R(Tc)}
‘Table 1 '
Amount of Tc Y p (Tc) p (25°C)
substitution (°C) (Scm) (Qcm)
X
0.0 134 2.04 0.00026 0.18
0.1 114 2.14 0.00022 0.12
0.2 94 2,20 0.00019 0.070
0.3 74 2.22 0.00018 0.042
0.4 54 2.26 0.00017 0.019
0.5 34 2.31 0.00015 0.020
0.6 14 2.31 0.00014 0.00019
0.7 -4 2.40 0.00010 0.00024
0.8 -24 2.37 0.00012 0.00038
0.9 -44 2.40 0.00012 0.00052
1.0 -62 2.44 0.00011 0.00063

SECOND EMBODIMENT
A powdered compound containing nickel (Ni), such as
Ni;0;, NiO or Ni(OH), a powdered compound containing samarium
(Sm), such as Sm;0, or Sm(OH);, and a powdered compound
containing gadolinium (Gd), such as Gd,0; or Gd(OH); were
weighed and mixed so that a molar ratio of the sum of
samarium and gadolinium to nickel ((Sm+Gd)/Ni) becomes 0.98,

and thereby the chemical formula (Sm;_,Gd,)o.ssNiO; is satisfied
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of the rush current preventing effect caused by tenperature

- 12 changes in equi pnent between -50[err]C and 50[err]C Mor eover,
a device forned fromSnferr]Ni3 may be kept in air wthout sealing
because the material is stable even at roomtenperature. The nol ar

ratio of the sumof rare-earth elements 2@ -nickel is not limted to 0.98,
but may take other val ues

after a later sintering process. Several samples of
semiconducting ceramic devices were obtained from this
mixture using the same production method as used in the first
embodiment.

These semiconducting ceramic devices were subjected to
various measurements to evaluate their characteristics in the

same manner as the first embodiment, and measurement results

are shown in Table 2.

Table 2
Amount of Tc ¥ p (Tc) p (25°C)

substitution (°C) (Qcm) (Qcm)
X
0.0 134 2.04 0.00026 0.18
0.1 154 2.04 0.00028 0.25
0.2 174 2.00 0.00031 | 0.32
0.3 194 1.95 0.00035 0.37
0.4 214 1.92 0.00038 0.41
0.5 234 1.89 0.00041 0.46
0.6 254 1.85 0.00045 0.51
0.7 274 1.82 0.00048 0.55
0.8 294 1.79 0.00051 0.59
0.9 314 1.79 0.00051 0.63
1.0 334 1.74 0.00057 0.67

FIG. 1 is a graph showing resistance-temperature
characteristics of the semiconducting ceramic devices
obtained in the first and second embodiments described above.
It can be seen from this Figure that nickel-containing rare-

earth oxides of the embodiments exhibit negative resistance-
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chosen between 0.80 and 1. 05. Also, the nolar ratio of samariumto
.nickel is not limted to 0.98, but my be set to 1.00, for exanple.

If it is desired to reduce the phase transition tenperature of SnmN O3,
samariumcontained in it should be conpletely or partially replaced not
only with neodym um but also with praseddym um (Pr) or |anthanum (La).
On the contrary, if it is desired to inCrease its phase transition

tenperature, samariumcontained in it should be c¢co eteﬁé g gartlally
repl aced noteBPESALRTS %%?FF?EWBh?saV§B WFERELERT opPERPEREVE®E &r bi um

§$Bg |dﬁts 2[ IoﬁImu?@&Dygforementlongéo;émlcogagglcg. )dext'ahnlljjj.c matg I n?lr.bl um

«Nde)o.0sNiO; and (Sm;.,Gd,),.9sNiO; exhibit negative temperature
coefficients below their phase transition temperatures,
positive temperature coefficients beyond their phase
transition temperatures. With these nickel-containing rare-
earth oxides (composed of rare-earth elements and NiQO;), it
is possible to obtain a desired phase transition temperature
by choosing a proper mixing ratio of the individual rare-
earth elements.

In particular, Smy NiO; and those ceramic materials
which are produced by partially substituting neodymium (Nd)
for saméi:ium (Sm). contained in Smg ¢gNiO; exhibit far superior
characteristics, compared to the conventionally known ceramic
materials, when used in rush current preventing devices,
soft-start control devices for motors, or temperature-sensing
devices. The rush current preventing effect of Smgy ¢NiO;, for
example, does not decrease so much even when switching on-off
operations are repeated because its resistance varies by a
factor of over 100 between 100°C and 140°C.

Since Smy ¢eNiO; has a B constant of 1400K at 25°C, which
is lower than that of conventional thermistors used for
preventing rush current, it is possible to reduce variations

of the rush current preventing effect caused by temperature
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yttrium(Y) and bisnuth (Bi). It is to be noted, however, that a technique
.of partial substitution by lanthanumis known in the prior art and is not
included in this invention. Al t hough the sem conducting ceramc

materi als of the

f oregoi ng enbodi ments were obtained by sintering in the

H P furnace, such ceranic products may be obtal#ed by u5|ng a single
crystal growth process, or a thick-filmor thin-film

-13-

changes in equipment between -50°C and 50°C.

Moreover, a device formed from Smg ¢gNiO; may be kept in
air without sealing because the material is stable even at
room temperature. |

The molar ratio of the sum of rare-earth elements to
nickel is not limited to 0.98, but may take other values
chosen between 0.80 and 1.05. Also, the molar ratio of
samarium to nickel is not limited to 0.98, but may be set to
1.00, for example.

If it is desired to reduce the phase transition
temperature of SmNiQ,, samarium contained in it should be
completely or partially replaced not only with neodymium but
also with praseodymium (Pr) or lanthanum (La). On the
contrary, if it is desired to increase its phase transition
temperature, samarium contained in it should be completely or
partially replaced not only with gadolinium but also with
europium (Eu), terbium (Tb), dysprosium (Dy), holmium (Ho),
erbium (Er), thulium (Tm), ytterbium (¥Yb), lutetium (Lu),
yttrium (YY) and bismuth (Bi). It is to be noted, however,
that a technique of partial substitution by lanthanum is
known in the prior art and is not included in this invention.

Although the semiconducting ceramic materials of the
foregoing embodiments were obtained by sintering in the HIP
furnace, such ceramic products may be obtained by using a

single crystal growth process, or a thick-film or thin-film
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formng process instead of the sintering process. Furthernore, the
H P furnace is not absolutely necessary for the production of those

sem conducting ceramc nmaterials. Alternative techniques usable for their
production include such synthesis nmethods as a hydrot hermal synthesis

nmet hod, sol -gel nethod, atom zed t her mad3 deconposi ti on net hod, and

chem cal vapor deposition (CVD) nethod. The sintering atnobsphere nay be
filled with ozone, or an oxi di zer, such as hydrogep peroxide, nmay be added
to raw nat didmtingiheprosegs arinseedqd nidded $5€ hafll %rb&ggerPEClﬁ'/ﬁseﬁﬂ of

the sinterin at nosphere becomes excessi ve il [ '
been descrim&;hﬂmﬁ)q%f &henHaP furnace Js.s not absc\ﬂ]ﬁtgl)tr hr?eéens}/seanzt'}} cporhas

the production of those semiconducting ceramic materials.
Alternative techniques usable for their production include
such.synthesis methods as a hydrothermal synthesis method,
sol-gel méthod, atomized thermal decomposition method, and
chemical vapor deposition (CVD) method. The sintering
atmosphere may be filled with ozone, or an oxidizer, such as
hydrogen peroxide, may be added to raw materials when they
are being mixed so that the oxygen content of the sintering
atmosphere becomes excessive .

While the invention has been described with reference
to the disklike éemiconducting ceramic devices in foregoing
embodiments, the invention is not necessarily limited to that
shape of devices but may be applied to other types, and
forms, of semiconducting ceramic devices, which include.
multilayered devices, cylindrical-shaped devices, and square-
chip devices, for example. According to the aforementioned
embodiments, the electrodes of the semiconducting ceramic
devices were formed on their external surfaces. In a
modified form of the invention, electrodes may be formed
inside each of the semiconducting ceramic devices.

Although the electrodes were formed from silver in the
aforementioned embodiments, other electrode materials, such

as palladium, platinum, nickel, copper, chromium, an alloy
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to the disklike sem conducting ceram c devices in foregoing enbodinents,
the invention is not necessarily limted to that shape of devices but may
be applied to other types, and forns, of sem conducting ceram c devices,
whi ch include nultilayered devices, cyllndrlcal shaped devi ces, and
square- chip devices, for exanple. Accoifling to the aforenentloned

enbodi nents, the el ectrodes of the sem conducting ceram c devices were

formed on their external surfaces. In a nodified form.of the invention,
el ect rodes ¢eRtakning mdlvensiand &g rldrn ﬁé%@ﬁ’ifcoﬁéﬁcbﬁnbsgér‘&h?@“t
devi ces. Al t hough_the el ectrodes were forned fron15|lver in the

af or enent i cﬁf&ﬁ%ﬂﬂ)dlﬂ%ﬂ?ﬁrlﬁﬁﬁer chprartegiskarsri 8fs, igh 1ndividual

devices. Furthermore, the electrode-forming method is not
limited to vacuum evaporation. Other methods usable for
producing the eleétrodes include thin-film technology such as
sputtering, electroless plating, and thick-film forming

techniques such as plating and printing.
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as pall adium platinum nickel, copper, chromum an alloy

- 14 - containing silver, and an alloy thereof, can be used w thout
changi ng el ectrical characteristics of the individual devices.
Furthernore, the electrode-formng nethod is not limted to vacuum
evapor ati on. Ot her net hods usabl e for 1produci ng the el ectrodes include
thin-filmtechnol ogy such as sputtering, electroless plating, and

thick-filmformng
WHAT IS CLAIMED IS:

1. A semiconducting ceramic compound having negative
resistance-temperature characteristics with a critical
temperature, said compound consisting essentially of a rare-
earth transition element oxide which is an oxide of a
combination of Ln and nickel (ILnNi), wherein Ln is an element
selected from a group including bismuth and rare-earth
elements but excluding lanthanum and cerium.

2. The semiconducting ceramic compound as defined in
claim 1, wherein said oxide of LnNi is an oxide of a
combination of samarium and nickel (SmNi).

3. The semiconducting ceramic compound as defined in
claim 2;'wherein said oxide of SmNi consists essentially of
SmNiO,.

4. The semiconducting ceramic compound as defined in
claim 3, wherein samarium contained in SmNiO; is partially
replaced by a group of elements selected from praseodymium,
neodymium, europium, gadolinium, yttrium, dysprosium and
bismuth.

5. The semiconducting ceramic compound as defined in
claim 1, 2, 3 or 4 for use in a rush current preventing

device.

6. The semiconducting ceramic compound as defined in

claim 1, 2, 3 or 4 for use in a soft-start control device

for a motor.
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t echni ques such as plating and printing.

- 15 - WHAT IS CLAIMED | S: 1. A sem conducting ceram c conpound
havi ng negative resistance-tenperature characteristics with a critica
tenperature, said conpound consisting essentially of a rare- earth
transition el enent oxide which is an oxi#® of a conbination of Ln and
ni ckel (LnNi), wherein Ln is. an el enent

7. The semi&dnducting ceramic compound as defined in

claim 1, 2, 3 or 4 for use in a temperature-sensing device.
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selected froma group including blsnuth and rare-earth elenents but

.excl udi ng | ant hanum and cerium ~ * 2. The seniconducting ceramc
conpound as defined in claiml, wherein said oxide of LnNi is an oxide of
a conbination of samarium and nickel (Spii). 3. The sem conducting
ceram ¢ conpound as _defined in cIa|n12 —wherei n_sai d_oxide _of Sm\i
consi sts es INCo QERAMIC COMPOUNDS THAVING; NEGATLIVE, RESISTANCE -

R R TEMPERTU
conpound as =defrReE—F—t+s it i §§ﬂNICB S

partially replaced by a group of el enents sel ected fron1praseodyn1un1
neodym um europi um gadolinium yttrium dysprosium and

ABSTRACT OF THE DISCLOSURE

A semiconducting ceramic compound has negative
resistance-temperature characteristics - with a critical
temperature and consists essentially of a rare-earth
transition element oxide which is an oxide of a combination
of Ln and nickel (LnNi), wherein Ln is an element selected
from a group including bismuth and rare-earth elements bﬁt
excluding lanthanum and cer;um. The resistivity of this
semiconducting ceramic compound Sharply drops beyond a
specific critical temperature and such critical temperature

can be freely set to a desired level.

Fig 1
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bj snut h. 5.
1, 2, 3 or 4 for use

rsem conducting ceram c conpound as defined in

'in a soft-start control device

The sem conducting ceram c conpound as defined in
in a rush current preventlng devi ce. 6.

The
claiml, 2, 3 or 4 for use
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