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(57) ABSTRACT 

An element portion of a thermistor element is composed of 
a mixed sintered body (MM‘)O3~AOX of a composition of a 
complex perovskite oxide presented as (MM‘)O3, and a 
metallic oxide presented as AOX. In said complex perovskite 
oxide (MM‘)O3, M is at least one element selected from the 
elements of the groups 2A and 3A excluding La in the 
Periodic Table, and M‘ is at least one element selected from 
the elements of the groups 3B, 4A, 5A, 6A, 7A and 8 in the 
Periodic Table. Said metallic oxide AOX is a heat-resistant, 
metallic oxide having a melting point of 1300° C. and more, 
and a resistivity of AOX itself at 100° C. in the form of a 
thermistor element is 10009 or more. 

The thermistor element can realize a resistivity of 1009-100 
kQ, Within the temperature range from room temperature to 
1000° C., and small change in resistivity. 
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THERMISTOR ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based on and claims the priority 
of Japanese Patent Application No. 11-242946, ?led on Aug. 
30, 1999, the contents being incorporated herein by refer 
ence, and is a continuation of PCT/JP00/05892. 

TECHNICAL FIELD 

[0002] The present invention relates to a thermistor ele 
ment, to a method of producing the same and, in particular, 
to a Wide-range-type thermistor element Which can detect a 
temperature ranging from room temperature to a high tem 
perature of about 1000° C., the thermistor element being 
particularly suitable for use in a temperature sensor. 

BACKGROUND ART 

[0003] A temperature sensor using a thermistor element is 
used extensively. A thermistor element has characteristics in 
that its resistivity varies With temperature, and the charac 
teristics are indicated by the resistivity and resistivity tem 
perature coef?cient (temperature dependence of the resistiv 
ity). When it is used as a temperature sensor, it is desired that 
the resistivity of the thermistor element is Within a practical 
resistivity range of a temperature detecting circuit consti 
tuting the temperature sensor. Therefore, it is desired that the 
resistivity of a thermistor element is usually Within a range 
of 10052 to 100 k S2 at the Working temperature. Further, in 
case of affording a heat history to a thermistor element, it is 
required that it has small change betWeen the resistivity after 
a heat history and the initial resistivity. 

[0004] The resistivity characteristics of a thermistor ele 
ment differ among elements constituting materials, therefore 
various materials With resistivity characteristics suitable for 
various purposes have been suggested. For example, per 
ovskite materials, for example, those described in Japanese 
Unexamined Patent Publication No.7-201528, are mainly 
used in a thermistor element for detecting a high temperature 
of about 1000° C., such as temperature of an automobile 
exhaust gas, gas ?ame temperature of gas hot-Water supply 
device, and temperature of a heating oven, etc. Perovskite 
materials consist of a complex oxide of a perovskite struc 
ture Which is generally shoWn as (MM‘)O3. The above 
mentioned Publication discloses that ceramic compositions 
for thermistor elements are produced by mixing oxides of 
Y,Sr,Cr,Fe,Ti,etc. in a predetermined composition propor 
tion and calcining the mixture to form a perfect solid 
solution in order to realiZe a thermistor Which can be used 
in a high temperature range and demonstrates stable prop 
erties. 

[0005] A need noW exists for the development of a ther 
mistor element Which can detect a temperature ranging from 
room temperature to a high temperature of about 1000° C., 
i.e. so-called Wide-range-type thermistor element. HoWever, 
conventional thermistor elements described in the above 
mentioned Publication are suitable for detecting a tempera 
ture ranging from moderate to high temperature (e.g.400 to 
1300° C.,etc.), but there is a problem at a temperature 
ranging from a loW to a moderate temperature (eg room 
temperature to 400° C.,etc.) in that they cannot detect a 
temperature because the resistivity becomes too high to 
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discriminate it from insulation. On the other hand, it is 
possible to adjust the resistivity properties by changing a 
composition or substitution proportion of complex perovs 
kite oxides, but it has been found that these thermistor 
elements, Which become to have a loWer resistivity in order 
to be able to detect such a temperature, have too loW 
resistivity in a range of a high temperature to satisfy the 
requirements of desired range of a resistivity (1009 to 100 
kQ), or that their resistivity changes by 10 to 30% after a 
heat history so that the stability is poor. 

[0006] Thus, there is a need for development of a ther 
mistor element Which can detect a temperature ranging from 
room temperature to a high temperature of about 1000° C., 
having a small change in resistivity after a heat history. In 
addition, it is desirable that such a element has a high 
heat-resistance and a small change in resistivity even if the 
temperature is elevated up to about 1400-1500° C., in order 
to be durable in conditions Which are often exposed to high 
temperatures of about 1000° C. In addition; it is preferable 
that the sintering temperature is loWer so as to not to damage 
lead Wire materials Which are sintered together With a 
thermistor element, thus there has been a need for a ther 
mistor element Which can be easily sintered at loWer than 
1600° C. 

SUMMARY OF THE INVENTION 

[0007] Therefore, a ?rst object of the present invention is 
to provide so called a Wide-range-type thermistor element 
Which can satisfy tWo resistivity characteristics, ie has loW 
resistivity characteristics of 1009-100 kQ Within a tempera 
ture range from room temperature to 1000° C. and also has 
stable characteristics (small change in resistivity in the heat 
history). 
[0008] In addition, a second object of the present inven 
tion is to provide a thermistor element Which has high 
heat-resistance and a small change in resistivity at a high 
temperature of about 1400-1500° C. and Which can be easily 
sintered at temperature loWer than 1600° C. 

[0009] The thermistor element described in claim 1 of the 
present invention is characteriZed in that the thermistor 
element comprises a mixed sintered body (MM‘)O3-AOX of 
a composition of complex perovskite oxide presented as 
(MM‘)O3, and metallic oxide presented as AOX, 

[0010] Wherein in said complex perovskite oxide 
(MM‘)O3, M is at least one element selected from the 
elements of the groups 2A and 3A excluding La in 
the Periodic Table, and M‘ is at least one element 
selected from the elements of the groups 3B, 4A, 5A, 
6A, 7A and 8 in the Periodic Table, 

[0011] Wherein a and b satisfy the relations 0§a<1.0, 
0.05<b§0.95 and a+b=1, Where said a is a molar 
fraction of said complex perovskite oxide (MM‘)O3 
of a mixed sintered body and said b is a molar 
fraction of said metallic oxide AOX, 

[0012] Wherein said M in said complex perovskite 
oxide (MM‘)O3 is at least one or element selected 
from Mg, Ca, Sr, Ba, Y, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Yb and Sc, and M‘ is at least one element 
selected from Al, Ga, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, 
W, Mn, Tc, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and Pt, 
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[0013] and wherein a metal A in said metallic oxide 
AOx is at least one element selected from B, Mg, Si, 
Ca, Sc, Ti, Cr, Mn, Fe, Ni, Zn, Ga, Ge, Sr, Zr, Nb, Sn, 
Ce, Pr, Nd, Sn, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
Hf and Ta. 

[0014] A conventional thermistor element composed of a 
perfect solid solution having a perovskite type structure 
cannot satisfy tWo characteristics, ie resitivity characteris 
tics Within a range from room temperature to 1000° C. and 
a resistive stability after a heat history, at the same time. 

[0015] Thus, in the present invention a novel thermistor 
element having the above tWo characteristics is accom 
plished by using a mixed sintered body prepared by mixing 
said complex perovskite oxide (MM‘)O3 having a compara 
tively loW resistivity With said metallic oxide AOX having 
high resistivity and high heat resistance. 

[0016] Namely, said metallic oxide AOX can make said 
complex perovskite oxide (MM‘)O2 to have a high resistivity 
in a range of high temperature because said metallic oxide 
has a high resistivity. Furthermore, said metallic oxide can 
enhance the stability of a thermistor element in high tem 
perature since it has a high melting point and outstanding 
heat resistance. 

[0017] Therefore, the present invention provides a Wide 
range-type thermistor element, having resistive stability, 
Which has a resistivity of 1009-100 kQ Within a temperature 
range from room temperature to 1000° C. and a small 
change in resistivity after a heat history, so that it is 
preferably used in a temperature sensor, etc. to provide good 
performance Within a Wide temperature range 

[0018] As described in claim 2, speci?ed examples of said 
metallic oxide AOX contain at least one metallic oxide 
selected from MgO, SiO2, Sc2O3, TiO2, Cr2O3, MnO, 
Mn2O3, Fe2O3, Fe3O4, NiO, ZnO, Ga2O3, ZrO2, Nb2O5, 
SnO2, CeO2, Pr2O3, Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb2O3, 
Dy2O3, H0203, Er2O3, Tm2O3, Yb2O3, Lu2O3, HfO2, 
Ta2O5, MgAl2O4, Y2SiO5, 3Al2O3-2SiO2, YAlO3, 
Y3Al5O12, 2MgO~SiO2, CaSiO3 and MgCr2O4. These 
metallic oxides demonstrate a high resistivity and a high 
heat-resistance and contribute to an improved performance 
of a thermistor element. 

[0019] As described in claim 3, said metallic oxide AOX 
contains at least one metallic oxide selected from MgO, 

Sc2O3, ZrO2, Lu2O3, HfO2, Cr2O2, Pr2O2, Nd2O2, Sm2O2, 
Eu2O2, Gd2O3, Tb2O3, Dy2O3, H0203, Er2O3, Tm2O3, 
Yb2O2, CeO2 and MgCr2O4. These metallic oxides enhance 
heat-resistance so that a thermistor element can be com 

pletely durable at a high temperature of about 1400-1500° C. 

[0020] As described in claim 4, said metallic oxide AOX 
contains at least one metallic oxide selected from SiO2, 

TiO2, MnO, Mn2O3, Fe2O3, Fe3O4, NiO, ZnO, Ga2O3, 
Nb2O5, SnO2, Ta2O5, 2MgO-SiO2, MgAl2O4, CaSiO3, 
Y2SiO5, 3Al2O3~2SiO2, YAlO3 and Y3Al5O12, having an 
enhanced sinterbility Which permits said oxide to be sintered 
at loWer temperature than 1600° C. 

[0021] As described in claim 5, at least one of CaO, 
CaCO3, SiO2 and CaSiO3 may be added to said mixed 
sintered body as a sintering aid. Said sintering aid gives said 
mixed sintered body an enhanced density and improved 
characteristic. 
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[0022] The invention described in claim 6 provides a 
temperature sensor comprising a thermistor element accord 
ing to any one of claims 1-5. Such a thermistor element can 
detect temperature over a Wide range and has stable char 
acteristics to provide a temperature sensor having a good 
performance and high durability. 

[0023] The invention described in claim 7 relates to a 
method of producing the thermistor element, according to 
any one of claims 1-5, Which comprises mixing said com 
plex perovskite oxide (MM‘)O3 With said metallic oxide 
AOX; grinding the mixture to adjust an average particle 
diameter of the mixture after grinding to an average particle 
diameter Which is not more than that of said metallic oxide 
before grinding; molding the mixture into an article having 
a predetermined shape; and sintering the article. The ther 
mistor element Was incorporated into a temperature sensor 
and the resistivity characteristics of the sensor Were exam 
ined. As a result, it has been found that a detected tempera 
ture accuracy varies With the sensor in the level Within the 
range from :20 to 300° C. in the temperature range from 
room temperature to 1000° C. 

[0024] Hence, various conditions in the production step of 
the thermistor element Were examined. As a result, it Was 
sound that the scatter in temperature accuracy arises as 
folloWs. That is, since an average diameter of said complex 
perovskite oxide (MM‘)O3(or (MM‘)O3~AOX) obtained by 
the calcination is larger than that of said metallic oxide, both 
components are not uniformly mixed to cause a scatter in the 
composition of a mixed sintered body, Which results in a 
scatter in resistivity of a thermistor element. 

[0025] It has been found that, using the method of claim 
7, both components may be mixed and ground by atomiZa 
tion to adjust an average particle diameter of this mixture to 
an average particle diameter Which is not more than that of 
said metallic oxide AOX. That is, When using this production 
method, a variation in composition of the mixed sintered 
body is reduced and scatter in resistivity of a thermistor 
element can be reduced. 

[0026] Accordingly, it is possible to provide a Wide-range 
type thermistor element Which can realiZe a small scatter in 
temperature accuracy. 

[0027] In a method of claim 8, a method of producing a 
thermistor element comprises mixing a raW material of said 
M With a raW material of said M‘ in said complex perovskite 
oxide (MM‘)O3; grinding the mixture to adjust an average 
particle diameter of the mixture after grinding to an average 
particle diameter Which is not more than that of the raW 
material of said M before mixing and is not more than 0.5 
pm; calcining the ground mixture to obtain said complex 
perovskite oxide (MM‘)O3; mixing said (MM‘)O3 With said 
metallic oxide AOX; molding the mixture into an article 
having a predetermined shape; and sintering the article. 

[0028] Further, it has been found that said temperature 
accuracy is also affected by the scatter in the calcined body 
itself of said complex perovskite oxide (MM‘)O3 (or 
(MM‘)O2—AOX)). Therefore, it has been found that the 
scatter in resistivity of a thermistor element can be also 
reduced by mixing the raW material of M and the raW 
material M‘, and grinding by atomiZation, to adjust an 
average particle diameter to not more than a predetermined 
level, in a step of preparing a calcined body. Accordingly, it 
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is possible to provide a Wide-range-type thermistor element 
Which can realize small scatter in temperature accuracy 
When using this production method. 

[0029] In a method of claim 9, a method of producing a 
thermistor element comprises mixing a raW material of said 
M With a raW material of said M‘ in said complex perovskite 
oxide (MM‘)O3; grinding the mixture to adjust an average 
particle diameter of the mixture after grinding to an average 
particle diameter Which is not more than that of the raW 
material of said M before mixing and is not more than 0.5 
pm; calcining the ground mixture to obtain said complex 
perovskite oxide (MM‘)O3; mixing said (MM‘)O3 With said 
metallic oxide AOX; grinding the mixture to adjust an 
average particle diameter of the mixture after grinding to an 
average particle diameter Which is not more than that of said 
metallic oxide AOX before mixing; molding the mixture into 
an article having a predetermined shape; and sintering the 
article. This method is a combination of methods of claims 
7 and 8. By this combination of each effect of both methods, 
it is possible to provide a Wide-range-type thermistor ele 
ment Which realiZes a reduced temperature accuracy. 

BRIEF DESCRIPTION OF DRAWINGS 

[0030] FIG. 1 is a schematic representation illustrating a 
thermistor element of the present invention. 

[0031] FIG. 2 (a) is a schematic representation illustrating 
a temperature sensor using a thermistor element of the 
present invention. 

[0032] FIG. 2 (b) is a schematic sectional vieW illustrating 
a temperature sensor using a thermistor element of the 
present invention. 

[0033] FIG. 3 is a How chart illustrating a production step 
of a thermistor element of Example 1 (according to the 
production method of the present invention. 

[0034] FIG. 4 is a How chart illustrating a production step 
of a thermistor element of Example 2 (according to the 
production method of the present invention. 

[0035] FIG. 5 is a How chart illustrating a production step 
of a thermistor element of Example 3 (according to a 
combination of the production method (2) and the method 
(3)) of the present invention. 

[0036] FIG. 6 is a How chart illustrating a production step 
of a thermistor element of Example 4 (according to the 
production method of the present invention. 

[0037] FIG. 7 is a How chart illustrating a production step 
of a thermistor element of Example 5 (according to the 
production method of the present invention. 

DETAILED DESCRIPTION 

[0038] The present invention is described, in more detail, 
as folloWs. 

[0039] A thermistor element of the present invention is 
composed of a mixed sintered body obtained by mixing a 
complex perovskite oxide (MM‘)O3 With a metallic oxide 
AOX; and then sintering the mixture, represented by a 
chemical formula (1) 

a(MM')O2-bAOX (1) 
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[0040] Wherein a is a molar fraction of (MM‘)O3 and b is 
a molar fraction of AOX. (MM‘)O3, Which constitutes a 
thermistor element of the present invention, is a complex 
perovskite oxide Wherein M is at least one element selected 
from the elements of the groups 2A and 3A excluding La in 
the Periodic Table, and M‘ is at least one element selected 
from the elements of the groups consisting 3B, 4A, 5A, 6A, 
7 and 8 in the Periodic Table. Since La has high moisture 
absorption property, there is a problem that La reacts With 
Water in the air to form an unstable hydroxide, Which results 
in the breakage of a thermistor element. Therefore, La is not 
used as M. 

[0041] Concretely, the element M contains, for example, 
Mg, Ca, Sr and Ba of the group 2A; and Y, Ce, Pr, Nd, Sm, 
Eu, Gd, Tb, Dy, Ho, Yb and Sc of the group 3A. Further, M‘ 
preferably contains, for example,Al and Ga of the group 3B; 
Ti, Zr and Hf of the group 4A; V, Nb and Ta of the group 5A; 
Cr, Mo and W of the group 6A; Mn, Tc and Re of the group 
7A; and Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and Pt of the group 
8. 

[0042] The combination of M and M‘ can be optionally 
selected to provide the desired resistivity characteristics. A 
complex perovskite oxide (MM‘)O2 Which M and M‘ are 
adequately selected demonstrates loW resistivity and loW 
resistivity temperature coefficient (e.g. 1000-4000 Such 
a complex perovskite oxide (MM‘)O3 preferably contains, 
for example, Y (Cr, Mn)O3, etc. When plural elements are 
selected as M or M‘, the molar ratio of each element can be 
optionally selected based on desired resistivity characteris 
tics. 

[0043] HoWever, When a complex perovskite oxide 
(MM‘)O3 is used alone as a thermistor element, resistive 
stability is incomplete and apt to decrease, in resistivity, 
Within a high temperature range. Therefore, according to the 
present invention, a metallic oxide can be used to stabiliZe 
the resistivity of a thermistor element and maintain it Within 
desired range. 

[0044] Accordingly, a metallic oxide AOX is required to 
have the characteristics as folloWs. 

[0045] (D high resistivity Within a high temperature 
range, and 

[0046] @ high heat-resistance and a resistive stability 
Within a high temperature range. 

[0047] Concretely, it is desired that regarding (D, a resis 
tivity of a thermistor element made of AOX itself (not 
containing complex perovskite oxide) is not less than 10009 
at 1000° C., When the element has a siZe and a shape Which 
is usually used for a sensor, and that regarding said @, AOX 
has a melting point not less than 1300° C. Which is higher 
than the maximum temperature of common use of a sensor. 

[0048] In order to satisfy said characteristics (D and @, 
a metal A in a metallic oxide AOX is preferably at least one 
element selected from B, Mg, Si, Ca, Sc, Ti, Cr, Mn, Fe, Ni, 
Zn, Ga, Ge, Sr, Zr, Nb, Sn, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu, Hf, and Ta. Concretely, a metallic oxide 
AOX is preferably at least one element selected from MgO, 
SiO2, Sc2O3, TiO2, Cr2O3, MnO, Mn2O3, Fe2O3, Fe3O4, 
NiO, ZnO, Ga2O3, ZrO2, Nb2O5, SnO2, CeO2, Pr2O3, 
Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb2O3, Dy2O3, H0203, 
Er2O2, Tm2O2, Yb2O3, Lu2O3, HfO2 and Ta2O5. 
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[0049] Alternatively, a metallic oxide AOX can be a com 
plex metallic oxide containing at least one element selected 
from Mg, Y, Al and Si. Speci?ed examples contain 
MgAl2O4, Y2SiO5, 3Al2O3-2SiO2, YAlO3, Y3Al5O12, 
2MgO~SiO2, CaSiO3 and MgCr2O4, etc. and at least one 
complex metallic oxide selected from these ones can be used 
to satisfy characteristics (D and 

[0050] These metallic oxides can be classi?ed into tWo 
groups in vieW of the melting point. Group 1 is a group of 
a metallic oxide of a melting point not less than 2000° C., 
having an effect on great enhancement of heat resistance of 
a thermistor element besides the above mentioned effects 
(desired resistivity characteristics and resistivity stability). 

[0051] Metal oxides AOX belonging to this group 1 include 
MgO, SC2O3, ZrO2, Lu2O3, HfO2, Cr2O3, Pr2O3, Nd2O3, 
Sm2O3, B11202, Gd2O2, Tb2O3, Dy2O3, H0203, Er2O3, 
Tm2O3, Yb2O3, CeO2 and MgCr2O4. 

[0052] A thermistor element mixed With such a metal 
oxide demonstrates little change in resistivity even When the 
temperature is elevated up to about 1400-1500° C. Among 
them, MgO, Sc2O3, ZrO2, Lu2O3 and HfO2, in particular, 
have a high melting point of not less then 2400° C. and have 
more effect on the heat resistance of a thermistor and thus 
they are useful in the environment usually exposed to a high 
temperature of about 1000° C. 

[0053] Group 2 is a group of metallic oxides With a 
melting point less than 2000° C., having an effect of enhanc 
ing sinterability of a thermistor element besides the above 
mentioned effects (desired resistivity characteristics and 
resistive stability). 

[0054] Metal oxides AOX belonging to this group 2 include 
SiO2, TiO2, MnO, Mn2O2, Fe2O3, Fe3O4, NiO, ZnO, Ga2O3, 
Nb2O5, SnO2, Ta2O5, 2MgO-SiO2, MgAl2O4, CaSiO3, 
Y2SiO5, 3Al2O3~2SiO2, YAlO3 and Y3Al5O12. A thermistor 
element containing such a metal oxide may be sintered at a 
temperature of less than 1600° C. so that it results in the 
advantage of a decrease in lead Wire damage by sintering. 

[0055] In addition, manufacturing costs can be reduced 
due to the decrease in the sintering temperature. 

[0056] In a mixed sintered body represented in the above 
mentioned formula (1), a is a molar fraction of complex 
oxide (MM‘)O3 and b is a molar fraction of a metallic oxide 
AOX. In the present invention, it is preferable that these a and 
b satisfy the relations 0.005; a<1.0, 0.05<b§0.95 and a+b= 
1. A desired loW resitivity and loW resitivity temperature 
coef?cient can be accomplished by optional selection of a 
and b Within said range. Thus, these resistivity characteris 
tics can be controlled over a Wide range since a and b can be 
selected Widely. 

[0057] Furthermore, this mixed Wintered body can contain 
at least one of CaO, CaCO3, SiO2 and CaSiO3 as a sintering 
aid. Such a sintering aid forms liquid phase at a temperature 
at Which a mixture composed of said complex oxide 
(MM‘)O3 and said metallic oxide AOX is sintered, and thus 
the sintering is effectively promoted. 

[0058] Accordingly, the sintering density of the resulting 
mixed sintered body is improved to result in a resistivity 
stability of a thermistor element, as Well as a reduced scatter 
in resistivity With a variation in sintering temperature. An 
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amount of the sintering aid added is optionally adjusted 
depending on a type of said aid. 

[0059] A thermistor element 1 composed of a mixed 
sintered body and a temperature S comprising said element 
is shoWn in FIG. 1. As shoWn in FIG. 1, in a thermistor 
element 1, the respective ends of tWo parallel lead Wires 11, 
12 are embedded in an element portion 13 into Which said 
mixed sintered body is formed. For example, the cylindrical 
element portion 13 has an outer diameter of 1.60 mm. Said 
thermistor element 1 is incorporated into a typical tempera 
ture assay system to give a temperature sensor S. The 
temperature sensor S has a cylindrical heat-resistant metal 
case 2 and the thermistor element 1 is disposed in a left part 
as shoWn in FIG. 2(a). An end of a metal pipe 3 Which 
passes through the metal case 2 is disposed in a right part of 
the metal case 2. As shoWn in FIG. 2(b), the metal pipe 3 has 
lead Wires 31, 32 in it and these lead Wires 31, 32, Which 
pass through the metal pipe 3, are respectively connected to 
lead Wires 11, 12 of the thermistor element 1(FIG. 2(a)). 
Lead Wires 11, 12 have, for example, a diameter of 0.3 mm 
and a length of 10.5 mm and are composed of Pt100 (pure 
platinum). The metal pipe 3 is ?lled With magnesia poWder 
33 to secure the insulation properties of lead Wires 31, 32 in 
the metal pipe 3. 

[0060] The Wire diameter and length, etc. of the lead Wire 
11, 12 can be optionally selected according to the shape, 
dimension and service environmental conditions of the 
temperature sensor. The material of lead Wires are not 
limited to Pt100 (pure platinum), there can also be used a 
high-melting temperature metal having a melting point high 
enough to endure the sintering temperature of a thermistor 
element and providing satisfactory electrical conductivity 
such as a lead Wire, e.g. Pt80Ir20 (platinum 80%, iridium 
20%), etc. 

[0061] For the purpose of preventing the lead Wires from 
breaking, the section can take any shape other than circular 
shape, e.g. rectangular shape, semi-circular shape, etc. It is 
also possible to use lead Wires of the thermistor element after 
providing irregularities on lead Wires surface by knurling. 

[0062] Methods (1), (2) and (3) of producing said ther 
mistor element are subsequently described. The production 
methods (2) and (3) are partially different from the funda 
mental method In any one method, the production step 
is roughly divided into a ?rst preparation step of obtaining 
a calcined body of (MM‘)O2, or (MM‘)O3~AOX by calcina 
tionand a second preparation step of compounding the 
resulting calcined body and AOX to form a mixed sintered 
body of a predetermined shape, to thereby obtain a ther 
mistor element. 

[0063] In said fundamental method(1), a poWdered oxide 
of these elements (MOX, M‘OX), etc. as the raW materials of 
M and M‘, is ?rst prepared, and then compounded so that 
desired composition is obtained (compounding (1) step). 
Subsequently, Water, etc. is added to the compound, mixed 
by a ball mill, etc. (mixing step), dried by hot-air, and 
roughly ground by a chaser mill to obtain a mixed poWder. 
This mixed poWder is calcined to obtain a calcined body 
(MM‘)O2(calcination step). A calcination temperature 
ranges usually from about 1000 to 1500° C. In order to 
obtain more uniform composition, a binder may be added in 
the mixing step, and the resulting mixture is granulated and 
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dried by using a spray dryer and then the resulting mixed 
powder may be calcined. The calcination may be carried out 
tWice or more. 

[0064] Further, a compound other than an oxide may be 
used as a raW material of M or M‘. 

[0065] In the second preparation step, the resulting cal 
cined body is compounded With AOX at molar fractions a and 
b so that the desired resistivity and resistivity temperature 
coef?cient are obtained (compounding (2) step), mixed and 
ground by adding Water and binder,etc. (mixing and grinding 
step). The resulting mixed poWder is granulated and dried by 
using a spray drier, etc. (granulation/drying step), molded 
into an article having a predetermined shape incorporating a 
lead Wire of Pt, etc. in a mold (molding step), and sintered 
(sintering step) to obtain a thermistor element composed of 
a mixed sintered body (MM‘)O3~AOX. The sintering tem 
perature is usually Within a range from about 1200 to 1700° 
C. and is optionally selected to obtain the best stability of the 
thermistor properties. 

[0066] In the molding step, molding may be performed 
after inserting lead Wires. It is also possible to form lead 
Wires by molding, making a hole for providing the lead Wire, 
inserting lead Wires, folloWed by sintering, thereby making 
it possible to obtain a thermistor element. It is also possible 
to obtain a thermistor element by forming lead Wires after 
sintering the molded article. Alternatively, it is also possible 
to obtain a thermistor element provided With lead Wires by 
adding a binder, a resin material, etc. to raW materials of the 
thermistor element, mixing them, adjusting the viscosity and 
hardness of the mixture to those suitable for extrusion 
molding to obtain a molded thermistor having a hole for 
providing lead Wires, inserting lead Wires, folloWed by 
sintering, thereby making it possible to obtain a thermistor 
having lead Wires. 

[0067] The thermistor element thus obtained constitutes a 
mixed sintered body prepared by uniformly mixing (MM‘)O3 
as a perovskite compound With metallic oxide AOX via grain 
boundaries. This thermistor element demonstrates a loW 
resistivity of 1009 to 100 kQ necessary for use in a 
temperature sensor Within a range from room temperature 
(e.g.27° C.) to 1000° C. Further, since a resistivity tempera 
ture co-efficient [3 can be controlled to 2000-4000 k. scatter 
in resistivity With a variation in temperature can be reduced. 
In addition, a change in resistivity AR in heat history from 
room temperature to 1000° C. can realiZe a level of about 
feW %. Therefore, it is possible to provide a Wide-range-type 
thermistor element Which can detect a temperature ranging 
from room temperature to 1000° C. and has stable charac 
teristics, that is, a change in resistivity is small in the heat 
history. Furthermore, a high heat-resistance against a high 
temperature of 1400-1500° C. may be provided When a 
metallic oxide of the group 1 is selected. 

[0068] On the other hand, sinterability is improved to 
make it possible to sinter said element at a temperature loWer 
than 1600° C. When a metallic oxide of the group 2 is 
selected. When a compound containing M contains an 
element A in a mixed sintered body (MM‘)O3~AOX, a cal 
cined body (MM‘)O3-AOX can be obtained in the ?rst prepa 
ration step by adding excess AOX Which is an oxide of M in 
a compounding step to compound a raW material poWder of 
M and M‘, mixing and calcining. In this case, in the 
subsequent second preparation step, a mixed sintered body 
may be obtained by optionally mixing AOX, etc. With said 
calcined body to obtain desired molar ratio (a:b), granulat 
ing, molding, and then sintering. 
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[0069] The production method (2) is one in Which the 
fundamental method (1) is partially altered. That is, in the 
above second preparation step, the average particle diameter 
of the resulting mixture is adjusted to an average particle 
diameter Which is not more than that of AOX before mixing 
in the step of mixing and grinding a calcined body and AOX. 
As a grinding means for reducing the average particle 
diameter, a medium stirring mill can be used. As a grinding 
means, a ball (about 1 mm(])) made of ZrO2 can be used. 
Then, a thermistor element is obtained by granulating and 
drying, molding and sintering in the same manner as men 
tioned before. 

[0070] Based on resistivity-temperature data of a lot of 
temperature sensors produced by said method (1), the tem 
perature accuracy is evaluated. As a result, it has been found 
that temperature accuracy (:A ° C.) is :20-30° C. On the 
other hand, the thermistor material Was observed by SEM, 
EPMA, etc. As a result, it has been found that an average 
particle diameter (e.g.2 to 5 pm in case of (MM‘)O3) of AOX 
obtained after calcination in the ?rst preparation step is 
larger than an average particle diameter (e.g. 1.0 pm or less 
in case of Dy2O3) of AOX to be mixed With and, therefore, 
both components are not uniformly mixed to cause a scatter 
in composition distribution of the mixed sintered body. 

[0071] Therefore, a mixture of a calcined body and AOX, 
etc. is atomiZed in a mixing and grinding step as in said 
method Consequently, each component can be uni 
formly mixed to reduce a variation in composition of the 
mixed sintered body. This results in a reduced scatter in the 
resistivity of the thermistor element. According to this 
method, temperature accuracy (1A ° C.) can be reduced to 
110° C. or less. Accordingly, it is possible to provide a 
Wide-range-type thermistor element, With high reliability, 
Which can realiZe a sensor temperature accuracy better than 
a conventional level Within a temperature range from room 
temperature to 1000° C. (a small scatter in temperature 
accuracy betWeen sensors) in addition to effects due to the 
above-mentioned method Furthermore, according to the 
said method (3), in said ?rst preparation step, a raW material 
of M may be mixed and ground With a raW material of M‘ 
to adjust an average particle diameter of this mixture to an 
average particle diameter Which is not more than that of the 
raW material of M before mixing and is not more than 0.5 pm 
in the step of mixing and grinding an oxide of M‘ and an 
oxide of M. As a grinding means for reducing the average 
particle diameter, a medium stirring mill can be used in the 
same manner as in the method Thereafter, the mixed 
grind may be calcined and subjected to the second prepa 
ration step to obtain a thermistor element. In this method, 
since uniform mixing of each component is realiZed by 
uniform atomiZation of the raW materials of M and M‘, a 
reduction in variation in a calcined body and inhibition of 
the existence of the unreacted raW material can be realiZed 
and scatter in the resistivity of the thermistor element can be 
reduced. Accordingly, according to this method, it is pos 
sible to provide a Wide-range-type thermistor element With 
good sensor temperature accuracy (a small scatter in tem 
perature accuracy betWeen sensors) in addition to effects of 
the above mentioned method 

[0072] In the production method (3), the mixing and 
grinding step of the second preparation step may be carried 
out by using a common ball mill, etc. as in the production 
method(1), but may also be performed by using a medium 
stirring mill, as in the production method Thereby, 
uniform mixing of a calcined body and AOX, etc. is per 
formed in the molding and sintering steps as the step after 
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the mixing and grinding step. Accordingly, in addition to the 
above-described effect, the effect of the production method 
(2) that a uniform mixing of a calcined body and AOX, etc. 
can be provided. Therefore, scatter in the resistivity of a 
thermistor element can be further reduced. 

[0073] Atemperature sensors using thermistor elements of 
the above-described production method (2) and (3) of the 
present invention are suitable for use in map control devices 
to Which high temperature accuracy is required, eg a 
temperature monitor for an oxygen sensor for automobile 
exhaust gas, etc. because the temperature accuracy is con 
trolled Within 110° C. or less. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

EXAMPLE 1 

[0074] According to a How chart of FIG. 3 illustrating a 
production step, a mixed sintered body of 
aY(Cr05MnO_5)O3-bDy2O3 Was obtained from 
Y(CrO_'5MnO_5)O3, Wherein Y Was selected as M and Cr and 
Mn Were selected as M‘ in (MM‘)O3, and Dy2O3 as AOX. As 
shoWn in Table 1, a molar ratio (a:b, a and b are molar 
fractions) of Y(CrO_5MnO_5)O3:Dy2O3 Was 36:64 (Example 
1). Further, thermistor elements With molar ratios (a:b) of 
95:5 and 5:95 Were obtained (Examples 1A and 1B). This 
production step corresponds to the above-described produc 
tion method (1), and is divided into a ?rst preparation step 
to obtain a calcined body Y(CrO_5MnO_5)O3, and a second 
preparation step to obtain a thermistor element from the 
resulting calcined body and Dy2O3. 

[0075] In the ?rst preparation step, Y2O3, Cr2O3 and 
MnZO3 (purity of all components is not less than 99.9%) 
Were ?rst prepared as starting materials and then Weighed so 
that a molar ratio Y:Cr:Mn becomes 2:1:1 to make 500 g as 
the total amount (compounding (1) step). An average par 
ticle diameter of Y2O3, Cr2O3 and Mn2O3 Was 1.0 pm, 
2.0-4.0 pm and 70-150 pm, respectively. Subsequently, 
using a resin pat (volume: 5 liter) containing Al2O3 or ZrO2 
pebbles ((1)15 mm: 2.5 kg, (1)20 mm: 2.5 kg) as a ball mill, 
these Weighed substances and 1500 cc of puri?ed Water Were 
charged in the pot. The mixture Was mixed at 60 rpm for 6 
to 12 hours (mixing step). A mixed slurry after mixing Was 
evaluated by using a laser type granulometer. As a result, an 
average particle diameter Was 1.7 pm as shoWn in Table 2. 

[0076] A resulting mixed slurry containing Y2O3, Cr2O3 
and Mn2O3 Was transferred to a porcelain evaporating dish, 
and then dried by using a hot-air dryer at 150° C. for 12 
hours or more to obtain a mixed solid. Subsequently, said 
mixed solid Was roughly ground by using a chaser mill and 
passed through a sieve (#30 mesh) to obtain a mixed poWder 
of Y2O3, Cr2O3 and Mn2O3. This mixed poWer Was charged 
in a crucible made of 99.3% Al2O3 and then calcined in a 
high-temperature oven in the air at 1100 to 1300° C. for 1 to 
2 hours (calcination step). A calcined body of 
Y(Cr05MnO_5)O3 as a bulk solid Was obtained and roughly 
ground by using a chaser mill and passed through a sieve 
(#30 mesh) to obtain a poWder. 

[0077] In the second preparation step, Y(CrO_5MnO_5)O3 
Which Was obtained in the above-described ?rst preparation 
step, and commercially available Dy2O3 (purity: 99.9% or 
more, an average particle diameter: 1.0 pm) Were Weighed 
so that a compounding molar ratio became to be a prede 
termined one as shoWn in Table 1, to make 500 g as the total 
amount. 
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[0078] When the molar fraction of Y(CrO_5MnO_5)O3 and 
that of Dy2O3 are a and b(a+b=1) respectively, a molar 
ratio=a: b, and, therefore, a=0.36 and b=0.64 in Example 1. 
[0079] In case of the sintering, SiO2 and CaCO3, Which are 
converted into a liquid phase Within the range from 1500 to 
1650° C., are used as a sintering aid and SiO2 and CaCO3 
are added in an amount of 3 Wt % and 4.5 Wt %, respectively, 
based on the total amount (500 g) of the above 
Y(Cr0_5MnO_5)O3 and Dy2O3(compounding(2)step). 
[0080] Subsequently, the above Y(CrO_5MnO_5)O3, Dy2O3, 
SiO2 and CaCO3 Were charged in a resin pot (volume: 5 liter) 
containing a ball mill same as described in the ?rst prepa 
ration step. After adding 1500 cc of puri?ed Water and 
polyvinyl alcohol (PVA) as a binder, the mixture Was mixed 
and ground at 60 rpm for 4 or more hours (mixing/grinding 
step). Polyvinyl alcohol (PVA) as a binder Was added in an 
amount of 1 g per 100 g of a mixed poWder of 
Y(Cr05MnO_5)O3 and Dy2O3. A resulting mixed ground 
slurry' Was evaluated by using a laser type granulometer. As 
a result, an average particle diameter Was 2.5 pm as shoWn 
in Table 2. 

[0081] This mixed ground slurry Was granulated and dried 
by using a spray dryer to obtain a mixed poWder of 
Y(Cr05MnO_5)O3 and Dy2O3 (granulation/drying step). A 
thermistor element having the same shape as shoWn in FIG. 
1 Was produced by using this mixed poWder as a thermistor 
raW material. Using a lead Wire (material: Pt100 (pure 
platinum)) having a siZe of 0.3 mm(]) in outer diameter><10.5 
mm in length, the lead Wire Was inserted and a thermistor 
raW material Was molded in a mold having an outer diameter 
of 1.744) under a pressure of about 1000 kg f/cm2 to obtain 
a molded article of a thermistor element (provided With 
embedded lead Wires) having an outer diameter of 1.75 mm(]) 
(molding step). 
[0082] The molded article for a element portion 13 of a 
thermistor element 1 Was arranged on a corrugated setter 
made of A1203 and then sintered in the air at 1600° C. for 1 
to 2 hours to obtain a thermistor element 1 having an outer 
diameter of 1.60 mm(]) of a mixed sintered body 
aY(CrO_5MnO_9)O3~bDy2O3(sintering step). 
[0083] Each resulting thermistor element in Examples 1, 
1A and 1B having a different compounding molar ratio (a:b), 
Was respectively incorporated into a typical temperature 
sensor shoWn in FIG. 2 to give a temperature sensor. 

[0084] The temperature sensors made by incorporating the 
thermistor elements of Examples 1, 1A and 1B Were put in 
a high-temperature oven and the temperature characteristics 
of the resistivity Were evaluated Within a range from room 
temperature (27° C.) to 1000° C. The results are shoWn in 
Table 1. 

[0085] A resistivity temperature coef?cient [3 is repre 
sented by the equation(2): 

[5(K)=1” (R/RQ/(lK-l/Kg) (2) 
[0086] In the equation, in represents a common logarithm, 
and R and Ro respectively represent a resistivity of the 
thermistor element at room temperature (300 K) and that at 
1000° C. (1273 K) in air. In addition, the change in resis 
tivity AR represents a change in resistivity of the tempera 
ture sensor in a high-temperature durability test Wherein 
each temperature sensor is alloWed to stand in the air at 
1100° C. for 100 hours, and is represented by the equation 
(3)1 

AR (%)=(R"/R‘)><100—1OO (3) 
[0087] In the equation, Rt represents an initial resistivity at 
a predetermined temperature (eg 5000 C.), and R‘t repre 
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sents a resistivity at a predetermined temperature t after 
standing for 1000 hours. 

[0088] As shown in Table 1, a resistivity is Within a range 
of 1109-100 kQ at a temperature ranging from room 
temperature to 1000° C., and a resistivity temperature coef 
?cient [3 is Within a desired range of 2200-2480 K. In 
addition, it could be con?rmed that a change in resistivity 
AR can stably realize a level of about feW %. Threfore, it is 
possible to provide a thermistor element Which can detect a 
Wide temperature ranging from room temperature to 1000° 
C. and stable characteristics, that is, a change in resistivity 
AR is small in the heat history from room temperature to 
1000° C. 

[0089] The temperature accuracy of the temperature sen 
sor made by incorporating the thermistor element of 
Example 1 Was examined. The results are shoWn in Table 2. 
The evaluation method Was as folloWs. That is, a standard 
deviation O(sigma) of the resistivity at a predetermined 
temperature (eg 500° C.) is calculated from resistivity 
temperature data of a lot of temperature sensors (eg 100 
sensors). Using 60 (standard deviation) as a scatter Width 
(tWo sides), a value A obtained by dividing the value, 
calculated by this scatter Width of the resistivity based on the 
temperature, by 2 is represented as “temperature accuracy 
:A ° C.”. As a result, it has been found that the temperature 
accuracy Was 123° C. Which is satisfactorily suitable for use. 

TABLE 1 

Feb. 21, 2002 

Dy2O2 Was 36:64 (Example 2). In the same manner, ther 
mistor elements With molar ratios 95:5 and 5:95 Were also 
produced (Examples 2A and 2B, respectively). This produc 
tion step corresponds to the above-described production 
method (2), and thus in a mixing/grinding step of a second 
preparation step, a medium stirring mill Was used instead of 
a ball mill in Example 1. In the ?rst preparation step, a mixed 
slurry Was obtained by Weighing Y2O3, Cr2O3 and Mn2O3 
(compounding (1) step) and mixing by a ball mill (mixing 
step) in the same manner as in Example 1. 

[0092] This mixed slurry Was evaluated by using a laser 
type granulometer. As a result, the average particle diameter 
Was 1.7 pm (Table 2). This average particle diameter is 
larger than an average particle diameter (1.0 cm) of Dy2O3 
before mixing. 

[0093] This mixed slurry of Y2O3, Cr2O3 and Mn2O3 Was 
transferred to a porcelain evaporating dish, and then dried by 
using a hot-air drier at 100-150° C. for 12-17 hours. Sub 
sequently this mixed solid Was roughly ground by using a 
chaser mill and passed through a sieve (#30 mesh) to obtain 
a mixed poWder of Y2O3, Cr2O3 and Mn2O2. This mixed 
poWder Was charged in a crucible made of 99.3% A1203 and 
then calcined in a high-temperature oven in the air at 1100° 
C. for 2 hours to obtain Y (CrO_5MnO_5)O3 as a bulk solid 
(calcinations step). This bulk solid Was then roughly ground 

RESISTIVITY KQ RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 
(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

EXAMPLE Y(Cro.5Mn0.5)O3 Dy203 (27° C.) 1000° C. [5 (K) AR (%) 

1, 2, 3, 4 36 64 50 0.14 2300 -5.0 
1A, 2A, 95 5 30 2200 -5.0 
3A, 4A 
1B, 2B, 5 95 100 2480 -5.0 
3B, 4B 

[0090] 

TABLE 2 

TEMPERATURE 
RAW MATERIAL COMPONENT AVERAGE PARTICLE DIAMETER AVERAGE PARTICLE DIAMETER ACCURACY 

EXAMPLE IN CASE OF GRINDING AFTER MIXING (,um) AFTER GRINDING (,um) (° C.) 

1 Y(CrMn)O3,Dy203 1.7 2.5 :23 
2 Y(CrMn)O3,Dy203 1.7 0.4 :10 
3 Y(CrMn)O3,Dy203 0.3 0.3 :5 
4 Y(CrMn)O3,Dy203 0.3 1.6 :9 
5 Y(CrMn)O3,Pr203 0.3 0.3 :5 (:24) 
6 Y(CrMn)O3,Sm203 0.3 0.3 :5 (:23) 
7 Y(CrMn)O3,Nd203 0.3 0.3 :5 (:24) 
8 Y(CrMn)O3,MgO 0.3 0.3 :5 (:24) 
9 Y(CrMn)O3,3Al203.2SiO2 0.3 0.3 :5 (:25) 

Example 2 by using a chaser mill and passed through a sieve (#30 mesh) 

[0091] According to a production step shoWn in FIG. 4, a 
thermistor element composed of a mixed sintered body 
having the same composition of aY(CrO_5MnO_5)O3~bDy2O3 
as that of Example 1 Was produced by another method. As 
shoWn in Table 1 a molar ratio (a:b) of Y(CrO_5MnO_5)O3 and 

to obtain a poWer. In the second preparation step, 

Y(Cr0_5MnO_5)O3 poWder obtained in said ?rst preparation 
step, and commercially available Dy2O3 (purity: 99.9% or 
more, an average particle diameter 1.0 pm) Were Weighed so 
that a compounding molar ratio (a:b) became a predeter 
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mined ratio to make 2000 g as the total amount. In the case 
of sintering, SiO2 and CaCO3 Which Were converted into a 
liquid phase Within the range from 1500-1650° C., Were 
used as a sintering aid and SiO2 and CaCO3 Were added in 
an amount of 60 g(3 Wt %) and 90 g(4.5 Wt %), respectively, 
based on the total amount (2000 g) of the above 
Y(Cr0_5MnO_5)O3 and Dy2O3 (compounding (2) step). 
[0094] A pearl mill device (manufactured by AshiZaWa 
Co., Ltd., RV1V, effective volume: 1.0 liter, actual volume: 
0.5 liter) Was used as a median stirring mill to granulate 
Y(CrO_5MnO_5)O3, Dy2O3, SiO2 and CaCO3. In this step, 3.0 
kg of ZrO2 balls (diameter: 0.5 mm) Were used as a grinding 
medium and 80% of the volume of a stirring vessel Were 
?lled With ZrO2 balls. Using 4.5 liter of distilled Water as a 
dispersing medium relative to 2150 g of the ground raW 
material, a binder, a releasant and a dispersant Were added, 
folloWed by mixing and grinding for 10 hrs. The operation 
conditions Were as folloWs: circumferential rate: 12 m/sec, 

revolution: 3110 rpm. As a binder, polyvinyl alcohol (PVA) 
Was added in an amount of 1 g per 100 g of the ground raW 
material. The resulting mixed ground slurry Was evaluated 
by using a laser type granulometer. As a result, an average 
particle diameter Was 0.4 pm (Table 2). 

[0095] This mixed ground slurry Was granulated and dried 
under the conditions of a drying chamber inlet temperature 
of 200° C. and outlet temperature of 120° C. by using a spray 
dryer. The resulting granulated poWder Was a spherical 
poWder having an average particle diameter of 30 pm, and 
molding of the thermistor element is performed by using this 
granulated poWder (molding step). The resulting molded 
article of the thermistor element Was arranged on a corru 

gated setter made of A1203 and then sintered in the air at 
1600° C. for 1 hour to obtain a thermistor element (sintering 
step). The resulting thermistor elements of Examples 2, 2A 
and 2B are then incorporated into a temperature sensor in the 
same manner as in Example 1 and temperature characteris 
tics of the resistivity of each temperature sensor Was evalu 
ated. The evaluation results are shoWn in Table 1. Further, 
the temperature accuracy of a thermistor element of 
Example 2 Was also evaluated. The evaluation results Was 
shoWn in Table 2. 

[0096] As shoWn in Table 1, themistor elements of 
Examples 2, 2A and 2B shoW the same temperature char 
acteristics of the resistivity, this is, a loW resistivity and a 
loW resistivity temperature coef?cient, as that described in 
Examples 1, 1A and 2B. Thus, it can be appreciated that the 
same temperature characteristics of the resistivity can be 
realiZed for each compounding molar ratio even When using 
different production methods. Regarding temperature accu 
racy, this Example 2 shoWs the loWered temperature accu 
racy of 110° C. as is apparent from Table 2, While it is 123° 
C. in Example. Namely, according to this Example the 
scatter can be smaller. 

Example 3 

[0097] According to a production step shoWn in FIG. 5, a 
thermistor element composed of a mixed sintered body 
having the same composition aY(CrO_5MnO_5)O3~bDy2O3 as 
that of Example 1 Was produced by another method. As 
shoWn in Table 1, a molar ratio (a:b) of Y(CrO_5MnO_5)O3 and 
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Dy2O3 Was 36:64 (Example). In the same manner, thermistor 
elements With molar ratios 95:5 and 5:95 Were also produced 
(Examples 3A and 3B, respectively). This production step 
corresponds to a combination of the above-described pro 
duction method (2) With the method A medium stirring 
mill is used both in mixing step of the ?rst preparation stop 
and in mixing/grinding step of the second production step. 

[0098] In the ?rst preparation step, raW materials Y2O3, 
CrZO3 and Mn2O3 Were separately Weighed to make 2000 g 
as the total amount (compounding (1) step). Subsequently, 
these raW-materials are atomiZed by a medium stirring mill. 
Apearl mill device Was used as a medium stirring mill in the 
same manner in Example 2. Using 4.5 liter of distilled Water 
as a dispersing medium relative to 2036 g of the raW 

material, a binder, a releasant and a dispersant Were added, 
folloWed by mixing and grinding for 10 hours (mixing step). 
The operation conditions Were as folloWs: circumferential 
rate: 12 m/sec, revolutions: 3110 rpm. As a binder, polyvinyl 
alcohol(PVA) Was added in an amount of 20 g per 2036 g of 
raW material. This mixed ground slurry Was evaluated by 
using a laser type granulometer. As a result, an average 
particle diameter Was 0.3 pm (Table 2). This is smaller than 
an average particle diameter (1.0 pm) of YZO3 before mixing 
and smaller than 0.5 pm. 

[0099] The resulting slurry Was dried under the conditions 
of a drying chamber inlet temperature of 200° C. and outlet 
temperature of 120° C. by using a spray dryer. The resulting 
poWder Was a spherical poWder having an average particle 
diameter of 30 pm. This raW material poWder Was charged 
in a crucible made of 99.3% A1203 and then calcined in a 
high-temperature oven in the air at 1100-1300° C. for 1-2 

hours (calcination step). A calcined body of Y(Cr0_5MnO_5)O3 
as a bulk solid Was obtained and roughly ground by using a 
chaser mill and passed through a sieve(#30 mesh) to obtain 
a poWder. 

[0100] In the second preparation step, the resulting 
Y(Cr0_5MnO_5)O3 containing poWder, and Dy2O3 poWder (an 
average particle diameter: 1.0 pm) Were Weighed so that a 
molar ratio becomes to be a predetermined one to make 2000 

g as the total amount. In addition, as a sintering aid, SiO2 and 
CaCO3 Were added in an amount of 3 Wt %(60 g) and 4.5 
Wt(90 g) (compounding step). 
[0101] Said compounded material Was atomiZed by using 
a pearl mill device as a medium stirring mill (mixing/ 
grinding step). The conditions in this step Was the same as 
that of the mixing one of the above described ?rst prepara 
tion step. The resulting mixed ground slurry Was evaluated 
by using a laser type granulometer. As a result, an average 
particle diameter Was 0.3 pm(Table 2). This is smaller than 
an average particle diameter 0.1 pm) of Dy2O3 before 
mixing. 

[0102] This mixed ground slurry Was granulated and dried 
by using a spray dryer (granulation/drying step), molded 
(molding step) and then sintered(sintering step) to obtain a 
thermistor element in the same manner as in a example 1. 

The resulting thermistor elements of Examples 3, 3A and 3B 
Were then incorporated into temperature sensors in the same 
manner as in Example 1 and temperature characteristics of 
the resistivity of each temperature sensor Were evaluated. 
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The evaluation results are shown in Table 1. Further, the 
temperature accuracy of a thermistor element of Example 3 
Was also evaluated (Table 2). The evaluation results Was 
shoWn in Table 2. 

[0103] As shoWn in Table 1, thermistor elements of 
Examples 3, 3A and 3B shoW the same temperature char 
acteristics of the resistivity as that of described in Example 
1, 1A and 1B respectively. Thus, it is appreciated that the 
same temperature characteristics of the resistivity can be 
realiZed in the above-described Examples and that the 
temperature characteristics depend on the compounding 
molar ratio. In addition, regarding a temperature accuracy, a 
much better temperature accuracy of 15° C. is shoWn, as is 
apparent from Table 2, While it is 110° C. in Example 1. 
Namely, smaller scatter can be obtained by this method of 
this Example. 

Example 4 

[0104] According to a production step shoWn in FIG. 6, a 
thermistor element composed of a mixed sinter having the 
same composition of aY(CrO_5MnO_5)O3~bDy2O3 as that of 
Example 1 Was produced by another method. As shoWn in 
Table 1 a molar ratio (a:b) of Y(CrO_5MnO_5)O3 and Dy2O3 
Was 36:64 (Example 4). In the same manner, thermistor 
elements With molar ratio 95:5 and 5:95 Were also produced 
(Examples 4A and 4B, respectively). This production step 
corresponds to the above-described production method (3), 
and thus a medium stirring mill Was used in a mixing step 
of the ?rst preparation step,. In a mixing/ grinding step of the 
second preparation step, a ball mill is used instead of a 
medium stirring mill, differing from Example 3. 

[0105] The ?rst preparation step is carried out in the same 
manner as in the above described Example 3, and raW 
materials Were Weighed (compounding (1) step), mixed and 
ground by using a medium stirring mill (mixing step) and 
then sintered (sintering step). A mixed ground slurry Was 
also evaluated by using a laser type granulometer. As a 
result, an average particle diameter Was 0.3 pm(Table 2). 
This is smaller than an average particle diameter of 
Y2O3(1.0 pm) before mixing and smaller than 0.5 pm. 

[0106] In the second preparation stop, Y(CrO_5MnO_5)O3 
poWder and Dy2O3 poWder (an average particle diameter 1. 
pm) Were Weighed so that a compounding molar ratio 
became a predetermined ratio to make 2000 g as the total 

amount (compounding (2) step). The Weighed poWer Was 
then mixed and ground by using a ball mill. Using a resin pot 
(volume: 20 liter) containing Al203 ((1)15 mm: 1.0 kg, (1)20 
m: 10 kg) as a ball mill, these Weighed materials and 6000 
mL of puri?ed Water Were charged in the pot. The mixture 
Was mixed at 60 rpm for 6 hours and ground (mixing/ 
grinding step). The resulting mixed ground slurry Was 
evaluated by using a laser type granulometer. As a result, an 
average particle diameter Was 1.6 pm (Table 2). This is 
larger than that of Dy2O3(1.0 pm) before mixing. 

[0107] This mixed ground slurry Was granulated and dried 
by using a spray dryer (granulation/drying step), molded 
(molding step) and then sintered (sintering step)to obtain a 
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thermistor element in the same manner as in Example 1. The 

resulting thermistor elements of Examples 4, 4A and 4B 
Were incorporated into a temperature sensor in the same 

manner as in Example 1 and temperature characteristics of 

resistivity of each temperature Were evaluated. The evalu 
ation results are shoWn in Table 1. Further, the temperature 
accuracy of a thermistor element of Example 4 Was also 

evaluated (Table 2). 

[0108] As shoWn in Table 1, thermistor element of 
Examples 4, 4A and 4B shoW the same temperature char 
acteristics of the resistivity as that of described in Examples 
1, 1A and 1B resistively, Thus, it is appreciated that the same 
temperature characteristics of the resistivity can be realiZed 
in the above-described Examples and that the temperature 
characteristics depend on the compounding molar ratio. In 
addition, regarding a temperature accuracy, a good result 
(19° C.) can be obtained in Example 3 as shoWn in Table 2. 
Namely, it is con?rmed that a loWer scatter than that of 

Example 1(123° C.) can be accomplished by atomiZing in 
the ?rst preparation step. 

Comparative Example 1 

[0109] A thermistor element having a composition of 
Y(Cr0_5MnO_5)O3 alone Without using Dy2O3 for stabiliZing 
the resistivity Was comparatively produced. In the same 
manner as in Example 1 except for non- adding of Dy2O3, 

a thermistor element composed of Y(CrO_5MnO_5)O3 Was 
produced and then evaluated as a temperature sensor. The 

evaluation method Was the same as in Example 1 and the 

results are shoWn in Table 3. As is apparent from Table 3, in 

case that Dy2O3 is not used, the resistivity at high tempera 
ture range of 1000° C. is too loW (409) and, therefore the 
temperature cannot be detected. As is also apparent from the 
results of the high-temperature durability test (change in 
resistivity), the change in resistivity AR exceeds 120% and, 
therefore, a thermistor element having stable temperature 
characteristics of the resistivity cannot be provided. 

Comparative Example 2 

[0110] A thermistor element having the composition of 
YTiO3 alone Without using Dy2O3 for stabiliZing the resis 
tivity Was comparatively produced. In the same manner as in 

Example 1 except for the adding of Dy2O3, a thermistor 
element composed of YTiO3 Was produced by using YZO3 
and TiO2 as starting materials, and then evaluated as a 
temperature sensor. The evaluation method Was the same as 

in Example 1 and the results are shoWn in Table 3. As is 

apparent from Table3, in case that Dy2O3 is not used, the 
resistivity at loW temperature range of room temperature 
(270 C.) is too high (more than 1000 kQ) and, therefore the 
temperature cannot be detected. As is also apparent from the 
results of the high-temperature durability test (change in 
resistivity), the change in resistivity AR exceeds 120% and, 
therefore, a thermistor element having stable temperature 
characteristics of the resistivity cannot be provided. 
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TABLE 3 

Feb. 21, 2002 

RESISTIVITY (KS2) RESISITIVITY 

RooM TEMPERATURE CHANGE IN 

COMPARATIVE CoMPosITIoN OF TEMPERATURE COEFFICIENT RESISTIVITY 

EXAMPLE ELEMENT PoRTIoN (27 ° C.) 1000’ C. [5 (K) AR (0%) 

1 Y(Cr0.5MnO.5)O3 10 0.04 2170 -20.0 

2 YTiO3 >1000 0.2 12200 -40.0 

Examples 5 -8 

[0111] According to a production step shoWn in FIG. 1, a 
thermistor element composed of a complex perovskite oxide 
Y(CrO_5MnO_5)O3 and various metallic oxides shoWn in Table 
2 Was produced. Pr2O3(Example 5), Sm2O3(Example 6), 
Nd2O3(Example 7), MgO(Example 8) Were used as AOX, 
respectively. This production step is basically the same as in 
Example 3, and thus raW materials are atomiZed by a 
medium stirring mill both in the mixing step of the ?rst 
preparation step and in the mixing/grinding step of the 
second preparation step. 

[0112] In the ?rst preparation step, Y(CrO_5MnO_5)O3 poW 
der Was obtained in the same manner as in Example 3. The 

second preparation step Was carried out in the same manner 

as in Example 3 except for using the above-described 
metallic oxides AOX instead of Dy2O3. The molar ratios of 
Y(CrO_5MnO_5)O3 and these metallic oxide Were adjusted 
respectively as listed in Tables 4-7, and thermistor elements 
Were produced according to the same manner as in Example 

3 (Examples 5-8). Pr2O3, Sm2O3, Nd2O3 and MgO used as 
raW materials had high purity (99.9% and more). An average 
particle diameters of Pr2O3, Sm2O3, Nd2O3 and MgO Were 
1.0 pm, 1.0 pm and 2 pm, respectively. 

[0113] Further, in the same manner, various thermistor 
elements Were produced, Where molar ratios of 

Y(Cr05MnO_5)O3 and various metallic oxides of Examples 

5-8 Were changed shoWn as in Tables 4-7, respectively 
(Examples 5A-8A and 5B-8B). The temperature sensors 
made by incorporating the resulting thermistor elements 
Were evaluated regarding the respective temperature char 
acteristics of the resistivity. The evaluation method Was the 
same as in example 1. The results are shoWn in Tables 4-7. 

As is apparent from Tables 4-7, the above-described ther 
mistor elements can realize almost the same effects as those 

described in Example 3 regarding the temperature charac 
teristics of the resistivity. 

[0114] In addition, the evaluation results of the tempera 
ture accuracy With respect to thermistor elements of 
Examples 5 -8 are shoWn in Table 2. The numerical values in 
parenthesis of the temperature accuracy column in Table 2 
mean the temperature accuracy With respect to thermistor 
elements Which Were obtained by using a ball mill both in 
the ?rst and second preparation step in the same manner as 

in Example 1. As is apparent from comparing both data, 
regarding the temperature sensors of these Example, a 
smaller scatter in a temperature accuracy (:A ° C.) of 15° C. 
can be obtained, While the temperature sensors obtained by 
the same manner as in Example 1 shoW a scatter of 123° 

C.-:25° C. Further, an average particle diameter after mix 
ing in the ?rst preparation step are shoWn in Table 2 along 
With one after mixing/grinding step in the second prepara 
tion step. 

TABLE 4 

RESISTIVITY RESISTIVITY 

RAW MATERIAL CoMPosITIoN RooM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

ExAMPLE YCrMnO3 Pr203 (27° C.) 1000’ C. [5 (K) AR (0%) 

5 40 50 0.14 2307 -5.0 

5A 95 30 0.13 2136 -5.0 

5B 5 100 0.16 2527 -5.0 
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[0115] 

TABLE 5 
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RESISTIVITY KQ RESISTIVITY 

RAW MATERIAL COMPOSTION ROOM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

EXAMPLE YCrMnO3 Sm203 (27° C.) 1000° C. [5 (K) AR (%) 

6 35 60 50 2307 -5.0 

6A 95 5 30 2239 -5.0 

6B 5 95 100 2527 -5.0 

[0116] 

TABLE 6 

RESISTIVITY (KS2) RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

EXAMPLE YCrMnO3 Nd203 (27° C.) 1000° C. [5 (K) AR (%) 

7 34 66 50 2336 -5.0 

7A 95 5 30 2239 -5.0 

7B 5 95 100 2552 -5.0 

[0117] 

TABLE 7 

RESISTIVITY (KS2) RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

EXAMPLE YCrMnO3 MgO (27° C.) 1000° C. [5 (K) AR (%) 

8 44 56 50 2640 -5.0 

8A 95 5 30 2511 -5.0 

8B 5 95 100 2799 -5.0 

Example 9 9A and 9B). 3Al2O3~2SiO2 used had a high purity (99.9% or 
_ _ _ more) and an average particle diameter of 2 pm. 

[0118] Using a complex metallic oxide 
3Al2O3~2SiO2(mullite) as metallic oxide as shown in Table 
2, a thermistor element Was produced in the same manner as 

in the above-described Example 5. As shoWn in Table 8, a 
molar ratio (a:b) of complex perovskite oxide 
Y(Cr0_5MnO_5)O3 and a metallic oxide Was 39:1. Athermistor 
element Was produced in the same manner as in Example 5 

except for using 3Al2O3~2SiO2 instead of Pr203 in com 
pounding (2) step of the second preparation step in a How 
chart of FIG. 7 (Example 9). 

[0119] In the same manner, thermistor elements With 
molar ratios 95:5 and 5:95 Were also produced (Examples 

[0120] The temperature sensors made by incorporating the 
resulting thermistor elements Were evaluated regarding the 
respective temperature characteristics of the resistivity. The 
evaluation method Was the same as in Example 1. The 

results are shoWn in Table 8. As is apparent from Table 8, 
this thermistor element can realiZe almost the same effect as 

that described in Example 3 regarding the temperature 
characteristics of the resistivity. In addition, the evaluation 
result of the temperature accuracy of the thermistor element 
of this Example Was shoWn in Table 2. Regarding a ther 
mistor element of this Example, a temperature accuracy of 
15° C. (small scatter) can be obtained. 
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TABLE 8 
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REsIsTIvITY (KS2) RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT REsIsTIvITY 

EXAMPLE YCrMnO3 3A1203.2Si02 (27° C.) 1000° C. [5 (K) AR (%) 

9 39 61 50 2579 -3.0 

9A 95 5 30 2439 -3.0 

9B 5 95 100 2753 -3.0 

Examples 10-13 

[0121] Thermistor elements composed of a complex oxide 
Y(CrO_5MnO_5)O3 and various metallic oxides shoWn in 
Tables 9-12 Were produced in the same manner as in 

Example 5. Complex oxides YAlO3 (Example 10), YAlSO12 
(Example 11), MgAl2O3 (Example 12), and Y2SiO5 
(Example 13) Were used as AOX respectively. Molar ratios 
(azb) of a complex perovskite oxide Y(CrO_5MnO_5)O3 and 
metallic oxides Were adjusted as shoWn in Tables 9-12. 
Thermistor elements are produced in the same as in Example 
5 except for using said various complex oxides instead of 
PrZO3 in the compounding (2) step of the second preparation 
step shoWn in FIG. 7 (Examples 10-13). Further, in the same 
manner, various Thermistor elements Were produced, Where 
molar ratios (azb) Were changed as shoWn in Tables 9-12, 

respectively (Examples 10A-13A and 10-13B). RaW mate 
rials used had a high purity (99.9% and more) and an 
average particle of 1-3 pm. 

[0122] The temperature sensors made by incorporating the 
resulting thermistor elements Were evaluated regarding the 
respective temperature characteristics of the resistivity. The 
evaluation method Was the same as in Example 1. The 

results are shoWn in Tables 9-12. As is apparent from Tables 
9-12, thermistor elements of these Examples can realiZe 
almost the same effect as that described in Example 3 

regarding the temperature characteristics of the resistivity. In 
addition, the temperature accuracy of thermistor elements of 
Examples 10-13 Were evaluated. As a result, all of them 

demonstrated a good temperature accuracy of 150° C. 

TABLE 9 

RESISTIVITY RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 

(mol %) TEMPERATURE COEFFICIENT RESISTIVITY 

ExAMPLE YCrMnO3 YA1O3 (27° C.) 1000° C. [5 (K) AR (%) 

10 3s 50 0.14 2307 -5.0 

10A 95 30 0.1 2239 -5.0 

10B 5 100 0.16 2527 -5.0 

[0123] 

TABLE 10 

RESISTIVITY (KS2) RESISTIVITY 

RAW MATERIAL COMPOSITION ROOM TEMPERATURE CHANGE IN 

(l'nOl %) TEMPERATURE COEFFICIENT RESISTIVITY 

ExAMPLE YCrMnO3 Y3A15O12 (27° C.) 1000° C. [5 (K) AR (%) 

11 39 50 0.14 2307 -5.0 

11A 95 30 0.1 2239 -5.0 

11B 5 100 0.16 2527 -5.0 
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[0124] 

TABLE 11 
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RESISTIVITY KQ RESISTIVITY 

RAW MATERIAL coMPosITIoN RooM TEMPERATURE CHANGE IN 

(11161 %) TEMPERATURE COEFFICIENT REsIsTIvITY 

EXAMPLE YCrMnO3 MgAl204 (27° c.) 1000° c. [3 (K) AR (%) 

12 40 60 50 0.06 2640 -5.0 

12A 95 5 30 0.05 2511 -5.0 

12B 5 95 100 0.07 2851 -5.0 

[0125] 

TABLE 12 

REsIsTIvITY (K9) RESISTIVITY 

RAW MATERIAL coMPosITIoN RooM TEMPERATURE CHANGE IN 

(11161 %) TEMPERATURE COEFFICIENT REsIsTIvITY 

EXAMPLE YCrMnO3 Y2sio5 (27° c.) 1000° c. [3 (K) AR (%) 

13 37 63 50 0.07 2579 -5.0 

13A 95 5 30 0.06 2439 -5.0 

13B 5 95 100 0.08 2798 -5.0 

Examples 14-41 

[0126] According to a production stop shoWn in FIG. 7, 
thermistor elements composed of a complex perovskite 
oxide Y(CrO_5MnO_5)O3 and various metallic oxides shoWn in 
Tables 13 and 14 Were produced in the same manner as in 

Examples 5-8. This production step is the same as in 
Examples 5-8 except for using said various metallic oxides 

shoWn in Tables 13 and 14 in the compounding (2) step, and 
changing molar rations of Y(CrO_5MnO_5)O3 and these metal 
lic oxides to ones shoWn in Tables 15-42 (Examples 14-41). 
Metallic oxides used as raW materials have a high purity 

(99.9% and more) and an average particle diameter of 
MgCr2O4; 2MgO~SiO and CaSiO3 is 2 pm, the particle 
diameters of the others being 1.0 pm. 

TABLE 13 

TEMPERATURE 

RAW MATERIAL coMPoNENT AVERAGE PARTIcLE DIAMETER AvERAGE PARTIcLE DIAMETER ACCURACY 

ExAMPLE IN cAsE OF GRINDING AFTER MIxING (,um) AFTER GRINDING (,um) (° c.) 

14 YCrMnO3,Sc203 0.3 0.3 15 (125) 

15 YCrMnO3,ZrO2 0.3 0.3 15 (125) 

16 YCrMnO3,Lu203 0.3 0.3 15 (125) 

17 YCrMnO3,HlO2 0.3 0.3 15 (:25) 

1s YCrMnO3,Cr203 0.3 0.3 15 (125) 

19 YCrMnO3,Eu203 0.3 0.3 15 (125) 

20 YCrMnO3,Gd203 0.3 0.3 15 (125) 

21 YCrMnO3,Tb203 0.3 0.3 15 (125) 

22 YCrMnO3,Ho203 0.3 0.3 15 (125) 

23 YCrMnO3,Er203 0.3 0.3 15 (125) 

24 YCrMnO3,Tm203 0.3 0.3 15 (125) 

25 YCrMnO3,Yb203 0.3 0.3 15 (125) 

26 YCrMnO3,MgCr204 0.3 0.3 15 (127) 

27 YCrMnO3,CeO2 0.3 0.3 15 (125) 




















