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; VOLTAGE-DEPENDENT NONLINEAR RESISTOR ~~C, VOLTAGE-

DEPENDENT NONLINEAR RESISTOR WITH THE CERAMIC. AND METHOD OF 
' 

MANUFACTURING VOLTAGE-DEPENDENT NONLINEAR RESISTOR CERAMIC 

FIELD OF THE INVENTION 

. ·, The present invention relates to a ceramic used for a 
:·: • fJ .·. 

voltage-dependent non11near resistor (varistor), and in 

particular, to o~site perovskite-based ceramic having a (Sr. 

Ba, Ca) TiC>a content, to a varistor provided with this cerand.c, 

and to a method of manUfacturing the ceramic. 

DESCRIPTION OF THE RELATED ART 

A.varistor is a resistive e1ement whose resistance 

nonlinearly changes according to the change of an applied 

vo1tage, andspecifical1y, is a resister whose resistance 

rapidly drops when a voltage beyont'.$. a certain voltage value is 

applied. 

There are various compositions of ceramics that mainly 

constitute varistors. Since having both functions of the 

nonlinearity of a resistance and the el.ectrostatic capac.itance 

characteristics, composite perovsJd.te-based ceramic having 

contents of (Sr, Ba, ca) Ti03 is very sui.table for absorbing a 

surge voltage, generated 1.n electronic equipment, or for 

removing noise. For example. the ceramic is applied to a ring 

varistor for DC micro motors etc. 
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In a varistor ma.de of this composite perovskite-based 

ceramic, it is possible to control the temperature dependency 

of a vari.stor voltage (voltage at which vari.stor's resistance 

rapidly drops) by selecting mole ratios of Sr. Ba and ca. 

Namely, in order to prevent excessive current from flowing into 

a varistor or thennal runaway from arising due to the varistor 

voltage dropping in connection with the increase of operating 

temperature, i.t is possible to adjust the temperature 

dependency. Varistors where the temperature dependency of the 

varistor voltage is adjusted in this way are disclosed in 

Japanese Patent Publication No. 0828287B (Japanese Patent 

Publication No. 02146702A), Japanese Patent Publication No. 

03045559A, and Japanese Patent No. 2944697C (Japanese Patent 

Publication No. 03237057A). 

In recent years. since acceleration in soldering work 

speed has been requested and high temperature solder and lead-

free solder have been used at the time of mounting electronic 

parts such as vari.stors, soldering temperature has been 

promoted. For this reason, since varistors are exposed to 

severe soldering cond1.tions. it becomes frequent that thermal 

cracJcs caused by local the:onal. shocks arise. As for electrodes 

of the varistor, an Ag (silver} electrode is generally used. 

Nevertheless. since the Ag content of this electrode dissolves 

into the solder due to the increase of soldering temperature, 

there is a possib:tlity that a function as the varistor may be 

spoiled because of disappearance of all or a part of the 
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electrode. 

In order to provide a varistor strong against such a 

thennal shook, a ring varistor with a Ti02-based ceramic i.s 

disclosed in Japanese Patent Publication No. 63276201A. However. 

in the publication, no specific data is mentioned at all. In 

addition, such Ti02-based varistor ceramic is considerably 

inferior to composite perovskite-based varistor ceramic in 

respect of the electrical characteristics about electrostatic 

capacity, and the varistor voltage controllability, and hence, 

such ceramic cannot be adopted. 

Therefore, demands of composite perovskite-based varistor 

ceramics is increasing because of the superiority of electrical 

characteristics and a feature that its functions are not 

spoiled even i.f hot soldering is perfo:cmed. Furthennore.. so as 

to increase operation efficiency, varistor ceramics more 

excellent in hardness to for example bending stress are desired. 

SUMMARY OF THE INVENTION 

It i.s therefore an object of the present invention to 

provide composite perovskite-based varistor ceramic and a 

vari.stor that have excellent electrical characteristi.cs and a 

feature that its functions are not spoiled even if hot 

soldering is performed. 

Another object of the present invention is to provide 

varistor ceramic which 1.s excellent in electrical 

characteri.stics, bending strength and thezmal shook-proof 
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-property, cmd to prov.ide a manufacturing method of the varistor 

ceramic. 

According to the present invention, a composite 

perovskite-based semiconductor varistor ceramic and a varistor 

contain a first component consisting of oxides of Sr, Ba, Ca 

and Ti, at least one component of a second component consisting 

of at least one kind of oxide selected fran oxides of R (Y and 

lanthanoids) and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta), and a 

fourth component consisting of an oxide of Si.. The ceramic 

substanti.ally containing no Mg. A composition of the ceramic is 

0.10 s a/(a + b + c) s 0.40, 0.30 ~ b/(a + b + c) ~ 0.50, 0.20 

< c/(a + b + c) s 0.50, 0.84 ~ {a + b + c + e)/(d + f) ~ 1.16, 

1.0 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6, where a is 

the number Of moles calculated for Sr of the first component as 

SrO, b is the number of moles calculated for Ba of the first 

component as Bao, c is the number of moles calcul.ated for Ca of 

the first component as Cao, d is the nmnber of moles calculated 

for Ti of the first component as Ti02 , e is the number of moles 

ca1cu1ated for R of the second component as Y0312 , Ce02 , Pi:Oii16 , 

Tb0714 and R~,2 (other lanthanoids) respectively, f is the number 

of moles calculated for M of the third component as Nb0s12 and 

TaQ512 respectively, and g is the number of moles calculated for 

Si. of the fourth component as Si<>a. 

The present invention not only enhances the thennal 

shock-proof property of a varistor and suppresses the 
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-generating of a thenna.1 crack on the basis of a local thennal. 

shock due to severe soldering conditions by decreasing an 

amount of Si02 used as a·sintering additive as small as possible, 

but also compensates the deterioration of a degree of sintering 

caused by the decreased amount of Si02 by adjusting a total A/B 

(a.ratio of a to~al number of moles of an A site component 

containing other elements wh:i.ch can enter in l.atti.ces of the A 

site component 1.n relation to an ion radius, to a total number 

of moles of a B s1te component containing other elements which 

can enter in lattices of the B s1te component), expressed .in (a 

+ b + c + e)/(d + f). In addition, the present invention 

further enhances the the:mia.1 shock-proof property of a varistor 

by not containing Mg substantially to fUrther suppress local 

thennal. shock generating. Moreover, it is possible to enhance 

the electrical characteristics of the varistor by appropriately 

selecting A site mole ratios, and an amount and a kind of 

semiconductorizing agent. 

In addition. a parameter adopted in the present invention 

is not a simple A/B ratio which is a ratio of the n~ of 

moles of the A site component consisting of only Sr, Ba and Ca, 

and the number of moles of the B site component consisting of 

only Ti, but the total A/B that is a mole ratio of ions that 

constitute the perovskite structure and also contain additives. 

Namely, it is because what truly contributes to a degree of 

sintering is not the simple A/B but such total. A/B. In 

particular, since the semiconductorizing agent is important 
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solid solution i.ons among additives, in the case of the present 

invention where a dosage of the semiconductorizing agent is 

much, an error becomes large if the s:lmple A/B ratio 1s used. 

Nevertheless, it becomes possible to provide a varistor hardl.y 

having the dispersion of characteristics since exact control is 

attained for the first time by using the total A/B. 

It is preferable that a composition of the first 

component is 0.30 :s; a/(a + b + c) :S 0.40, 0.30 :s; b/(a + b + c) 

:s; 0.40, and 0.25 :s; c/(a + b + c} :S 0.35. Also it is preferable 

that a composition of the first component and at least one 

component of the second and third components is 0.96 :s; (a + b + 

c + e)/(d + f) :s; 1.01. It is still more preferable that a 

composition of at least one component of the second and third 

components is 1.0 :s; (e + f)/d x 100 :s; 4.0. Furthermore, it is 

also preferable that the compos1tion of the fourth component is 

g/d x 100 :S 0.3. 

It is preferable that the ceramic further contains a 

fifth component consisting of at least one kind of oxide 

selected from oxides of Li, Na, Mn, Co, Ni. cu; Zn, Sc, Fe. Ga, 

In, Mo and W. It is also preferable that o < h/d x 100 :s; 1.000, 

where h is the number of moles calculated for Li, Na, Mn, Co, 

Ni, Cu, Zn, Sc, Fe. Ga, In, Mo and W which are contents of the 

fifth component, as Li0112 , Na0112 , MnO, Co0,13 , NiO. cuo, zno. 

S~12 • Fe0312 , Ga.0312 , In0312 , Mo03 and W03 • 

This fifth component is effective in enhancing electr1ca1 

characteristics, such as enhancement of a nonlinear coe£fic1ent 
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a. 

Preferably, the varistor has electrodes fanned on at 

least one surface of the ceramic, and the electrodes consi.st of 

Cu or materia1 mainly made of Cu. In the case of the latter, it 

i.s more preferable that the electrodes are made of a cu alloy 

or Cu containing glass frit. 

Furthennore, according to the present invention, a 

varistor ceramic contains oxides consisting of at least one 

kind of element among Sr, Ba, and ca and Ti, and on a surface 

of which compressive stress exists. 

Since the large compressive stress exists on the oerami.c 

surface, it is also possible not only to improve bending 

strength at the time of soldering, but a1so to obtain high 

thennal shock-proof property preventing a crack from arisi.ng 

even when temperature loca1ly rises at the time of soldering. 

That is, at the time of soldering, 1oca1 expansion arises by 

local heating and becomes tensile stress that makes a crack 

arise on a surface of the ceramic. It is possible to obtain the 

varistor ceramic strong against a local the.nnal shock so long 

as the compressive stress that can balance this tensile stress 

is i.ntroduced beforehand on the surface of the varistor cerami.c. 

In addition, if residual compressive stress exists in a surface 

of the varistor ceramic, bending strength increases. This is 

the same princ.iple as that of tempered glass. 

Assuming that X-ray st~ss constant is -100 MPa/degree, 

it is preferable that the compressive stress is 15 MPa or more. 

7 



i.t i.s more preferable to be 25 MPa or more, and it is still 

more preferable to be 40 MPa or more • 

. In this case, it is preferable that the ceramic contains 

a first component consisting of oxi.des of Sr, Ba, Ca and Ti, at 

least one component of a second component consisting of at 

least one kind of oxide selected from oxides of R (Y and 

lanthanoids} and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si, that values of 

a/(a + b + c), b/(a + b + c) and c/(a + b + c) in trilinear 

coordinates exist on a line segment connecting a point (0.2, 

0.0, 0.8) and a point (O.O, 0.4, 0.6), or in a range where a/(a 

+ b + c) and b/{a + b + c) are larger than this line segment, 

and that its composition is 0.84 ~ {a + b + c + e)/(d + f) 

~ 1.16, 0.75 ~ (e + f)/d x 100 ~ 10.0, and g/d x 100 ~ 0.6, 

where a is the number of moles calculated for Sr of the first 

component as SrO, b is the number of moles calculated for Ba of 

the first component as Ba.O, c is the number of moles calculated 

for,(:a of the first component as cao, dis the number of moles 

calculated for Ti of the first component as T102 • e is the 

number of moles calculated for R of the second component as Y03~, 

Ce02 • P:c01116 , Tb0114, and R0312 (other lanthanoids} respectively, f 

is the number of moles calculated for M of the third component 

as Nb0512 and TaD512 respectively. and g is the number of moles 

calculated for Si of the fourth component as S1.02 • 

In this way, the present invention not only enhances the 
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thm:mal. sllOck-proof property of a varistor and suppresses the 

generating of a thennal rack on the basis of a local theDOal. 

shock due to severe soldering conditions by decreasing an 

amount of Si02 used as a sintering additive as small as possible, 

but also compensates the deterioration of a degree of sintering 

caused by the decreased amount of Si02 by adjusting a total A/B 

(a ratio of a total number of moles of an A site component 

containing other elements which can enter in lattices of the A 

site component in relation to an ion radius, to a total number 

of moles of a B site component containing other elements whi.ch 

can enter in lattices of the B site component),, expressed in (a 

+ b + c + e)/(d + f). Moreover, it is possible to enhance the 

strength and electrical characteristics of the varistor by 

appropriately selecting A site mole ratios. and an amount and a 

kind of semi.oonductorizing agent. 

In addition, a parameter adopted in the present invention 

is not a simple A/B ratio which is a ratio of the number of 

moles of the A site component consi.sting of only Sr, Ba and ca, 

and the number of moles of the B site component cons1sting of 

only Ti, but the total A/B that is a mole ratio of ions that 
., 

constitute the perovskite structure and also contain additives. 

That is. it is because it J.s thought that what truly 

contributes to a degree of sintering is not the simple A/B but 

such total A/B. In particular. since the semiconductoriz1.ng 

agent is important solid solution ions among additives, in the 

case of the present invention where a dosage of the 
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semiconductor.i.zing agent is much, an error becomes large if the 

simple A/B ratio is used. Nevertheless. it becomes possible to 

provide a varistor hardly having the dispersion of 

characteristics since exact control is attained for the first 

time by using the total A/B. 

It .1.s more preferable that values of a/(a + b + c), b/(a 

+ b + c) and c/(a + b + c) in the trilinear coordinates exist 

on a first line segment connecting a point (0.5, 0.0, 0.5) and 

a point (0.2, 0.2, 0.6), a second line segment connecting a 

point (0.2, 0.2, 0.6) and a point (0.1, 0.4, 0.5), a third line 

segment connecting a point (0.1, 0.4, 0.5) and a point {0.1, 

0.5, 0.4), or a fourth line segment connecting a point (O.l, 

0.5, 0.4) and a point (0.2, 0.8, 0.0), or a/(a + b + c) exists 

in a range larger than these f.irst to fourth line segments. 

It is still more preferable that values of a/(a + b + c), 

b/(a + b + c) and c/(a + b + c) in the trilinear coordinates 

exist on a fifth line segment connecting a point (0.4, 0.2. 

0.4} and a point (0.2, 0.4, 0.4), a sixth line segment 

connecting a point (0.2, 0.4. 0.4) and a point (0.2, o.s. 0.3), 

a seventh line segment connecting a point (0.2, 0.5, 0.3) and a 

point (0.3. 0.5, 0.2), an eighth line segment connecti.ng a 

point (0.3, o.s, 0.2) and a point (0.6, 0.2, 0.2), or a ninth 

line segment connecting a point (0.6, 0.2, 0.2) and a point 

( o. 4, o. 2. O. 4). or in a range surrounded by these fifth to 

ninth line segments. 

It is more preferable that a composition of the first 
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component and at least one component of the second and third 

components is 0.96 :s: {a + b + c + e)/(d + f) :s: 1.01. 

It is also more preferable that a composition of at least 

one component of the second and third components is 0.75 :s: (e + 

f}/d x 100 ~ 4.0. 

It is also more preferable that a composition of the 

fourth component is g/d x 100 ~ 0.3. 

It is preferable that the ceramic further contains a 

fifth component consisting of at least one kind of oxide 

selected from oxides of Li. Na. Mn, Co, Ni, Cu, Zn. Sc, Fe, Ga, 

In, Mo and W. It is also preferable that O < h/d x 100 s 1.000, 

where h is the number of moles calculated for Li. Na, Mn, Co, 

Ni. cu, zn, Sc, Fe, Ga, In, Mo and W which are contents of the 

fifth component, as L10112 , Na0112 , MnO, C00413 , m.o, euo. zno, 

SC0312 , Feo312 , Ga0312 , In0312 , M003 and W03 • 

Furthennore, according to the present inventi.on, a 

rnanUf actur:ing method of a varistor ceramic includes a step of 

perfo:r:ming reduction sintering to obtain a ceramic containing 

oxi.des of at least one kind of Sr. Ba and Ca, and Ti, and a 

step of perf oDDing reox:i.dation of the obtained ceramic to 

generate a compressive stress in a surface of the ceramic. 

Since the large compressive stress is generated by the 

reducti.on sintering and reoxidation processing to exist on the 

cerami.c surface, i.t is also possible not only to improve 

bending strength at the time of soldering, but also to obtain 

high thennal shock-proof property preventing a crack from 
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arising even when temperature locally rises at the time of 

soldering. It can be analogized from the relation between an 

amount of oxygen defects in reduction sintering and 

suppl.ementation of the oxygen defects by oxygen in reoxi.dation 

processing that the thennal shock-proof property and residual 

compressive stress are generated by the combination of the 

reduction sintering and reoxidation processing. 

At the time of soldering. local expansion arises by local 

heating and becomes tensile stress that makes a crack ari.se on 

a surface of the ceramic. It is possible to obtain the var.istor 

ceramic strong against a local thennal shock so long as the 

compressi.ve stress that can balance tb1.s tensile stress is 

introduced beforehand on the surface of the varistor ceramic. 

In addition, i.f residual compressive stress exists on a surface 

of the varistor ceramic, bendi.ng strength increases. This is 

the same principle as that of tempered glass. 

It is preferable to weigh and mix raw material. powder so 

that the powder may have predetei:mined composition. to grind 

and fonn the powder after perfonning calcining, and to 

perfonning the reduction sintering of this fonned object, and 

the reoxidation. 

Assuming that X-ray stress constant is -100 MPa/°C, it is 

preferable that the compressive stress is 15 MPa or more. it is 

more preferable to be 25 MPa or more, and it is sti.11 more 

preferable to be 40 MPa or more. 

It i.s preferable that the temperature of reoxidation 
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processing is between 850°C and 1oso0 c inclusive. It is more 

preferable that the temperature is between 900°C and 1000°C 

inclusive. Thus, it is possible to secure a wide range of 

varistor voltage values and sufficient nonlinear coefficient a 

with keeping large surf ace residual compressive stress by 

controlling a varistor voltage value through changing the 

temperature in the reoxidation processing without changing the 

composition. 

Consequently, since wide range of varistor voltages and 

practical a are obtained in the same composition with 

maintaining the high strength and the high heat-resisting 

property owing to the large surface residual compressive stress, 

it becomes unnecessary to prepare various materials and it 

becomes easy to control materials. 

It is preferable that a time of the reoxidation 

processing is 32 hours or less, more preferable that the ti.me 

is between 0.25 hour and 16 hours inc1usive, and still more 

preferable that the time is between 0.5 hour and 8 hours 

inclusive. 

It is also preferable that a partial pressure of oxygen 

in the reoxidation processing is 0.1 atmospheric pressure or 

more. 

It is preferable that the ceramic contains a first 

component consisting of oxides of Sr, Ba, Ca and Ti, at least 

one component of a second component consisting of at least one 

kind of oxide selected from oxides of R (Y and lanthanoids) and 
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a third component consisting of at least one kind of oxide 

selected from oxides of M (Nb and Ta). and a fourth component 

consisting of an oxide of Si, that values of a/(a + b + c), 

b/(a + b + c) and c/(a + b + c) in trilinear coordinates exist 

on a line segment connecting a point (0.2, o.o, 0.8), and a 

point (O.O, 0.4. 0.6), or in a range where a/(a + b + c) and 

b/(a + b + c) are larger than thl.s line segment, and that its 

composition is 0.84 ~ (a+ b + c + e)/(d + f) ~ 1.16, 0.75 ~ (e 

+ f)/d x 100 ~ 10.0. and g/d x 100 s; 0.6, where a is the number 

of moles calculated for Sr of the first component as SrO, b is 

the number of moles calcu1ated for Ba of the first component as 

BaO, c is the number of moles calculated for Ca of the first 

component as cao, d is the number of moles calcu1ated for Ti of 

the first component as Ti02 , e is the nl.Bllber of moles calculated 

for R of the second component as Y0312 , Ce02 , PrOU/6 , Tb0714 and 

R0312 (other 1anthanoids) respectively. f is the nmnber of moles 

ca1cu1ated for M of the third component as Nb0512 and TaQ512 

respectively, and g is the number of moles calculated for Si of 

the fourth component as SiOz. 

It is more preferable that values of a/(a + b + c), b/(a 

+ b + c} and c/(a + b + c) in the trilinear coordinates exist 

on a first line segment connecting a point (0.5, o.o, 0.5) and 

a point (0.2, 0.2. 0.6), a second line segment connecting a · 

point (0.2, 0.2, 0.6} and· a point (0.1, 0.4, 0.5), a third line 

segment connecting a point (O.l, 0.4, 0.5) and a point (O.l, 

0.5, 0.4), or a fourth line segment connecting a point (0.1, 
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0.5. 0.4) and a po.int {0.2, 0.8, 0.0), or a/{a + b + c} exists 

in a range larger than these first to fourth line segments. 

It is stil1 more preferable that values of a/(a + b + c), 

b/{a + b + c} and c/(a + b + c) in the trilinear coordinates 

exist on a fifth line segment connecting a point (0.4. 0.2, 

0.4) and a point (0.2, 0.4, 0.4), a sixth line segment 

connecting a point {0.2, 0.4, 0.4) and a point {0.2, 0.5, 0.3), 

a seventh line segment connect.ing a point (0.2, 0.5, 0.3} and a 

point (0.3, 0.5, 0.2), an eighth line segment connect.ing a 

point (0.3, 0.5. 0.2) and a point {0.6, 0.2, 0.2), or a ninth 

line segment connecting a point (0.6, 0.2, 0.2) and a point 

(0.4, 0.2. 0.4), or in a range surrounded by these fifth to 

ninth line segments. 

It is more preferable that a composition of the first 

component and at least one component of the second and third 

components is 0.96 s (a + b + c + e}/(d + f) s 1.01. 

It is also more preferable that a composition of at least 

one component of the second and third components is 0.75 s (e + 

f}/d x 100 s 4.0. 

It is also preferable that a composition of the fourth 

component is g/d x 100 s 0.3. 

It is preferable that the ceramic further contains a 

fifth component consisting of at least one kind of oxide 

selected from oxides of Li, Na, Mn, co, Ni, Cu, Zn, Sc, Fe, Ga, 

In, Mo and W. It 1s also preferable that O < h/d x 100 ::s; 1.000, 

where h is the number of moles calculated for Li, Na, Mn, Co, 
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Ni .. cu. Zn, Sc, Fe, Ga. In. Mo and W which are contents of the 

fifth component. as LiOi12 , Nao112 , MnO, Co0413 , NiO, cuo, zno. 

Sc0312 , Fe0312 , Ga.0312 , In0312 , Mo03 and ~. 

Furthennore, according to the present invention, a 

manufacturing method of a varistor ceramic has a step of 

perf ormin.g reduction sintering to obtain a ceramic containing 

oxides of at least one kind of Sr, Ba and Ca, and Ti. and a 

step of perfo:r:ming reoxidation of the obtained ceramic. A 

temperature in the reoxidation perf onning step is between 850°C 

and 900°C inclusive and a time of the reoxidation perfo:r:ming 

step is between 0.25 hour and 32 hours inclusive, or a 

temperature in the reoxidation perfonning step is between 900°C 

and 1050°C inclus1.ve and a time of the reoxidation perfonning 

step 1.s between 0.1 hour and 32 hours inclusive. 

Also, according to the present invention, a manufacturing 

method of a varistor ceramic has a step of perf onning reducti.on 

sintering to obtain a ceramic containing oxides of at least one 

kind of Sr, Ba and Ca, and Ti, and a step of perfoxming 

reoxidation of the obtained ceramic. A temperature in the 

reoxidation perfonning step is between 900°C and 950°C inclusive 

and a time of the reoxidation perfo.nning step is between 0.5 

hour and 16 hours inclusive, or a temperature in the 

reoxidation perfonning step is between 950°C and l000°C 

inclusive and a time of the reoxidati.on performing step is 

between 0.25 hour and 16 hours inclusive. 

It is possible to mai.ntain the strength of the ceramic 
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itself in a high level, and to obtain sufficient bending 

strength to the bending stress and sufficient resistance over a 

local thennal shock at the time of soldering without changing 

the compositi.on by adjusting the temperature and time .in 

reoxidation processing for controlling a varistor voltage. Of 

course. i.t is possible to secure a sufficient nonlinear 

coefficient a in a wide range of varistor voltages, and to 

lessen the dependency of the varistor voltage to the change of 

heat treatment temperature. Thus, since practical nonlinear 

coefficient a and sufficient strength in a wide range of 

varistor voltages are obtained in the single composition, it 

becomes unnecessary to prepare various materials and it becomes 

easy to control materials. 

It is preferable to adjust the time of the reoxidation 

processing to control a varistor voltage value. With 

considering the influence of changes of the reoxi.dation 

processing conditions over a varistor voltage, time of the 

reoxidation processing has less impact than temperature in the 

reoxidation processing. Hence, by controlling a varistor 

voltage value through finally adjusting the time of the 

reox:i.dation processing, the shift of the varistor voltage due 

to the fluctuation of reoxidation processing conditions becomes 

small, and hence an yield improves and the control of 

reoxidati.on processing conditions becomes easy. 

It is preferable to weigh and mix raw mater1.al powder so 

that the powder may have predetennined compos.1tion, to grind 
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and foxm the powder after perfonning calcining, and to perfo:an 

the reduction sintering of this fonned object, and the 

reoxidation. 

It is also preferable to weigh and mix raw material 

powder, to add a part of contents after performing calcining, 

to adjust the contents so that the powder may have 

predete:anined composition, to grind and form the powder, and to 

perfonn the reduction s:iiitering of this fo:aned object, and the 

reox:idation. 

It is pre£erable that the reoxidation processing is 

perf onned at a single heat treatment process accompanied by one 

cycle of temperature r1se and fall, as shown in Fig. 5. 

Alternatively, 1t 1s preferable that the reoxi.da.tion processing 

is perfonned at a heat treatment processes accompmll.ed by a 

plura11ty of independent temperature rises and falls. as shown 

in Fig. 6. 

In this case, it is preferable that the ceramic contains 

a first component consisting oxides of Sr, Ba, Ca and Ti, at 

least one component of a second component consisting of at 

least one kind of oxide selected from oxides of R (Y and 

lanthanoids) and a third component consisting of at least one 

kind of oxide selected from oxi.des of M (Nb and Ta) , and a 

fourth component consisting of an oxi.de of Si and that a 

composition of the ceramic is 0.30 ~ a/(a + b + c) s o. 40, 

0.30 s b/(a + b + c) ~ 0.40, 0.25 s c/{a + b + c) s 0.35, 0.84 

s {a+ b + c + e)/{d + f) s 1.16, 0.75 ~ (e + f)/d x 100 s 10.0, 
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and g/d x 100 ~ O. 6, where a is the number of moles calculated 

for Sr of the first component as SrO, b is the number of moles 

calculated for Ba of the first component as Bao, c is the 

number of moles calculated for Ca of the first component as Cao, 

d is the number of moles calculated for Ti of the first 

component as Ti02 , e is the number of moles calculated for R of 

the second component as Y0312 , Ce<Ja, P~116 , Tb0,14 and R0312 {other 

lanthanoids) respectively, f is.the number of males calculated 

for M of the third component as Nb0512 and Ta0512 respect! vely, 

and g is the number of moles calculated for Si of the fourth 

component as Si~. 

The present invention not only enhances the thenna1 

shock-proof property of a varistor and suppresses the 

generating of a thenna.l rack on the basis of a local the::anal 

shock due to severe soldering conditions by decreasing an 

amount of Si.~ used as a sintering a.ddi.tive as small as poss1.ble, 

but also compensates the deterioration of a degree of sintering 

caused by the decrease amount of Si~ by adjusting a total A/B 

(a ratio of a total number of moles of an A site component 

containing other elements. which can enter in lattices of the A 

site component in relation to an ion ~di.us, to a tota1 number 

of mol.es of a B site component containing other elements which 

can enter in latti.ces of the B site component), expressed in (a 

+ b + c + e) I ( d + f) • Moreover. it is possible to enhance the 

strength and electrical characteristics of the varistor by 

appropriately selecting A site mole ratios, and an amount and a 
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kind of semiconductorizing agent. 

In addition, a parameter adopted in the present invention 

is not a simple A/B ratio which is a ratio of the number of 

moles of the A site component consisting of only Sr, Ba and Ca, 

and the nmnber of moles of the B site component consisting of 

only Ti, but the total A/B that is a mole ratio of ions that 

constitute the perovskite structure and also contain additives. 

That is, 1.t 1.s because it is thought that what truly 

contributes to a degree of sintering is not the simple A/B but 

such total A/B. In particular, since the semi.conductorizing 

agent is important solid solution ions among additives, in the 

case of the present invent1.on where a dosage of the 

semiconductorizing agent is much, an error becomes large if the 

simple A/B ratio is used. Nevertheless, it becomes possible to 

provide a varistor hardly having the dispersion of 

characteristics since exact control is attained for the first 

time by using the total A/B. 

It is preferable that a composition of the first 

component and at least one component of the second and tbi.rd 

components is 0.96 s (a + b + c + e}/(d + f} :s; 1.0L It is 

still more preferable that a composition of at least one 

component of the second and third CQmPOnents is 0.75 :s: (e + 

f)/d x 100 :s; 4.0. Furthe:anore, it is also preferable that the 

composition of the fourth component is g/d x 100 :s: 0.3. 

It 1.s also preferable that the ceramic further contains a 

fifth component consisting of at least one kind of oxide 
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se1ected from oxides of Li. Na, Mn, Co. Ni, cu, Zn, Sc, Fe, Ga, 

In, Mo and w. It is also preferable that 0 < h/d x 100 ~ 1.000, 

where h is the number of moles calculated for Li., Na, Mn, co, 

Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W which are contents of the 

fifth component, as Li0112 , Na0112 , MnO, Co0413 , NiO, CuO, ZnO, 

Sc0312 , Fe0312 , Ga0312 , In0312 , Mo03 and W03 • This fifth component is 

effective ll1 enhancing electrical character.ist.ics, such as 

enhancement of a nonllllear coeffic.ient a. 

In addition, according to the present invention, a 

manUfactur.ing method of a var:Lstor ceramic has a step of 

weighing raw material powder containing oxides of at least one 

kind of Sr, Ba and Ca, and Ti so that a weighed powder has a 

predetennined composition, a step of mixing the weighed powder, 

a step of perfoDDing calcining of the mixed powder, a step of 

grmding a calcined object, a step of fanning the ground object, 

a step of perfo:aning reduction sintering of the fanned object, 

and a step of perfolllling reoxidation of the reduction sintered 

object. The grinding step is performed so that a specific 

surf ace area of each grain after the grinding becomes between 

o. 5 and 5. O m2 
/ g inclusive, and the fooning step is perfonned so 

that a density of the formed object becomes between 2.80 and 

3. 40 g/cm3 incl.usi.ve. 

Furthezmore, according to the present invention, a 

manufacturing method of a varistor ceramic has a step of 

weighing raw material. powder containing oxides of at least one 

kind of Sr. Ba and Ca, and Ti so that a weighed powder has a 
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predetennined composition, a step of .orlxing the weighed powder, 

a step of perfo::aning calcining of the mixed powder, a step of 

adding a part of contents so as to adjust a composition of a 

calcined object to a predete:ani.ned component, a step of 

grinding the adjusted object. a step of foDDing the ground 

object, a step of perfonning reduction sintering of the fonned 

object, and a step of perfo::aning reoxidation of the reduction 

sintered object. The grinding step is perfonned so that a 

specific surf ace area of each grain after the grinding becomes 

between 0.5 and 5.0 nr/g inclusive, and the fanning step is 

perfoi::med so that a density of the fonned object becomes 

between 2.80 and 3.40 g/an.3 inclusive. 

Up to now, various investigations have been made about 

compositi.on and regular sinteri.ng of varistor ceramic. However, 

the grain size which vari.es depending upon a grinding degree in 

a manufacture process, the change of the density of a sintered 

object due to change in fonn:Lng conditions, the bending 

strength and the resistance over a thennal shock that accompany 

them have been not investigated. The processing condi ti.ons in 

the grinding process that is one of manufacturing processes is 

an important factor of influencing the characteristics of the 

sintered ceramic obtained by subsequent regular sintering. Thus, 

the processing condi.tions in the grinding process is very 

important also to prevent the compositional heterogeneity and 

the compositional concentration gradi.ent o£ mater:lal. when 

detennining materials such as stront1.um titanate-based material. 
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In addition, it was found that the processing conditions in the 

fonning process strongly influence the bending strength and 

thennal. shock-proof property of sintered ceramic. 

That is, if a specific surface area of each grain after 

grinding in a grinding process is more than O • 5 -a{-I g, the 

compositional heterogeneity or composition concentration 

gradient of material do not arise. Hence it is possible to 

obtain the sufficient bending strength and thex:mal shock-proof 

property of sintered ceramic. If the specific surface area 

exceeds 5. O m2 
/ g, grinding time becomes too much long. Hence 

not only this is inefficient in manufacturing, but also 

compositional heterogeneity easily arises since a Ti-rich 

liquid phase is easily generated due to its activity. Therefore, 

it is desirable that the specific surface area is 5.0 rcr/g or 

less. 

If the density of a fo:aned object is 2.80 g/ari3 or more, 

a fault seems never arises in manufacturing processes since the 

strength of a fo:aned object becomes enough. On the other hand, 

since the life time of f o:aning equipment and fonning dies are 

shortened when the density of a fo:aned object exceeds 3.40 g/an.3 , 

maintenance cost therefor increases_ and hence this is 

inefficient in manufacturing. Therefore, it is desirable that 

the density of a fanned object is 3.40 g/cm.3 or less. 

It is possible to maintain the strength of the ceramic 

itself in a hi.gh level, and to obtain sufficient bending 

strength to the bending stress and sUff icient resistance over a 
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local thei:ma.l shock at the time of soldering by grinding raw 

materi.a.1. so that the specific surf ace area of a grain after 

grinding become between 0.5 and 5.0 m2/g inclusive, and fonning 

the grains so that the density of a fonned object become 

between 2.80 and 3.40 g/c;r£ inclusive. 

In this case, it is preferable that the ceramic contains 

a first component consisting oxides of Sr, Ba, Ca and Ti. at 

least one component of a second component consisting of at 

least one kind of oxide selected from oxides of R (Y and 

lanthanoids) and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si, and that a 

composition of the ceramic is 0.10 :s; a/(a + b + c) :s; o. 40, 

0.30 :s; b/(a + b + c) :s; 0.50, 0.20 < c/(a + b + c) :s; o.so, 0.84 

s (a+ b + c + e)/(d + f) s 1.16, 0.75 :s; (e + f}/d x 100 s 10.0, 

and g/d x 100 :s; 0.6, where a is the nmnber of moles calculated 

for Sr of the first component as SrO, b is the number of moles 

ca1culated for Ba of the first component as Bao, c is the 

number of moles calculated for ca of the first component as cao, 

d is the number of moles calculated for Ti of the first 

cotnponent as TiO:z, e is the number of moles calculated for R of 

the second component as Y0312 , ~, P:t'01116 , 'l'b0,.14 and R0312 (other 

lanthanoids} respectively, f is the number of moles calculated 

for M of the third component as Nb0512 and Tao512 respectively. 

and g is the number of moles calculated for Si of the fourth 

component as Si02 • 
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The present 1.nvention not only enhances the thermal 

shock-proof property Of a varistor and suppresses the 

generating of a thennal rack on the basis of a local thermal 

shock. due to severe soldering conditions by decreasing an 

amount of Si02 used as a sintering additive as small as possi.ble, 

but also compensates the deterioration of a degree of sintering 

caused by the decreased amount of 5102 by adjusting a total A/B 

(a ratio of a total number of moles of an A site component 

containing other elements which can enter in latti.ces of the A 

site component 1n relation to an ion radius, to a total nmnber 

of moles of a B site component containing other elements which 

can enter in lattices of the B site component), expressed in (a 

+ b + c + e)/(d + f). Moreover, :lt is possible to enhance the 

strength and electrical characteristics of the varistor by 

appropriately selecting A s.ite mole ratios, and an amount and a 

kind of semiconductorizing agent. 

In addition, a parameter adopted in the present invention 

is not a simple A/B ratio which is a ratio of the number of 

moles of the A site component consisting of only Sr, Ba and Ca, 

and the nmnber of moles of the B site component consi.sting of 

only Ti, but the total A/B that is a mole ratio of ions that 

constitute the perovskite structure and also contain additives. 

That is, it is because it is thought that what truly 

contributes to a degree of sintering i.s not the simple A/B but 

such a total A/B. In particular, since the sem:i.conductorizing 

agent 1.s important solid solution ions among addi.ti.ves, in the 
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case of the present invention where a dosage of the 

semiconductorizing agent is much. an error becomes large if the 

simple A/B ratio is used. Nevertheless, it becomes possible to 

provide a varistor hardly having the dispersion of 

characteristics since exact control is attained for the first 

time by using the total A/B. 

It is preferable that a composition of the first 

component is 0.30 s a/(a + b + c) s 0.40, 0.30 s b/(a + b + c) 

s 0.40. and 0.25 s c/(a + b + c) s 0.35. It is preferable that 

a composition of the first component and at least one component 

of the second and third components is 0.96 s (a+ b + c + e)/(d 

+ f) s 1. 01. It is still more preferable that a composition of 

at least one component of the second and third components is 

0. 75 s (e + f)/d x 100 s 4.0. Furthez:more. it is also 

preferable that the composition of the fourth component i.s g/d 

x 100 s 0.3. 

It is preferable that the ceramic further contains a 

fifth component consisting of at least one kind of oxide 

selected from oxides of Li, Na, Mn. Co, Ni, Cu, Zn, Sc, Fe, Ga, 

In, Mo and W. It is also preferable that O < h/d x 100 s 1. 000, 

where h is the number of moles calculated for Li, Na, Mn, Co, 

Ni, cu, Zn, Sc, Fe, Ga, In, Mo and W which are contents of the 

fifth component, as Li.0112 • NaOi,2, MnO, Co0413 • NiO. cuo. zno. 

SC0312 , Fe0312 , Ga0312 , In0312 , Mo03 and W03 • This fi.fth component is 

effective in enhancing electrical characteristics. such as 

enhancement of a nonlinear coefficient a. 
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Other objects and advantages of the present invention 

will become clear from the following description relating to 

preferred embodiments of the present invention described by the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. la is a plane view illustrating the structure of a 

ring varistor as an embodiment of the present invention; 

Fig. lb is a sectional view taken on a line A-A shown in 

Fig. la; 

Fig. 2 is a characteristic graph illustrating a rate of 

the residual electrode area to the solder temperature at the 

time of using Cu and Ag as electrode material, respectively: 

F1.g. 3 is a circuit diagram illustrating an E1 and E10 

measuring circuit; 

Fig. 4 is a characteristic di.agram illustrating 

preferable ranges of A site mole ratios; 

Fig. 5 is a schematic diagram for explaining an example 

of a heat treatment step in reoxidation processing; and 

Fig. 6 is a schema.t1.c diagram for explaining another 

example of a heat treatment step in reoxi.d.at:ion processing. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

In Fig. la. 10 denotes a varistor ceramic 10 fanned in 

ring geomet:r.y, and 11 denotes electrodes follll.ed on one face of 
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the varistor ceramic 10. In this embodiment, five electrodes 11 

are provided in equal angular intervals. As shown in Fig. lb, 

the varistor ceramic 10 consists of internal semiconductor 

sections lOa and an insulating layer lOb fonned near the entire 

surface thereof. 

Hereinafter, the composition of the varistor ceramic 10 

in this first embodiment will be described. 

The varistor ceramic 10 contains a first component of the 

composite perovskite which consists oxides of Sr, Ba, Ca and Ti, 

at least one component of a second component which consists of 

at least one kind of oxide selected from oxides of R (Y and 

lanthanoids (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 

and Lu)) and a third component which consists of at least one 

kind of oxide selected from oxide of M (Nb and Ta), and a 

fourth component which consists of an oxide of Si. In this 

embodiment, the varistor ceramic does not contain Mg 

substanti.al1y. It is assumed that a is the number of moles 

calculated for Sr of the first component as SrO, b is the 

number of moles calculated for Ba of the first component as BaO, 

c is the number of moles calculated for ca of the first 

component as eao, d is the number of moles calculated for Ti of 

the first component as Ti.02 , e is the number of moles calculated 

for R of the second component as Y0312 , Cec>a, PrOu16 , Tb0,14 and 

R0312 (other 1anthanoids) respectively, f is the number of moles 

calculated for M of the third component as Nb0512 and Ta0512 

respectively, and g is the number of moles calculated for Si of 
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the fourth component as Si02 • Th.en, the compositi.on of this 

varistor ceramic is 0.10 s a/{a + b + c) s 0.40, 0.30 s b/(a + 

b + c) s o.so, 0.20 < c/(a + b + c) s o.so, 0.84 s (a + b + c + 

e)/(d + f) s 1.16, 1.0 s (e + f)/d x 100 s 10.0, and g/d x 100 

s 0.6. It is more preferable that thi.s composition is 0.30 

s a/(a + b + c) s 0.40, 0.30 sb/(a + b + c) s 0.40, 0.25 s c/(a 

+ b + c) s 0.35, and 0.96 s (a + b + c + e)/(d + f) s 1.01, 1.0 

s {e + f}/d x 100 s 4.0, and g/d x 100 s 0.3. 

The first component is a main component of the varistor 

ceramic 10. This first component consi.sts of. in composite 

perovskite, an A site component of Sr, Ba and Ca, and a B site 

component of Ti. The second and third components are metallic 

oxi.des that contri.bute to semiconductorizati.on, and the fourth 

component is mainly added for the 1mprovement of a degree of 

sinteri.ng. 

E1ectrica1 characteristics as a varistor are mainly 

expressed with a temperature characteristic of a varistor 

voltage E10 and nonlinear coeffici.ent a.. The varistor voltage 

E10 expresses an applied voltage va1ue at the t1me of 10-mA 

electric current flowing in the varistor, and the nonlinear 

coefficient a is generally expressed in a = 1/log(E10/E1 }. Where, 

E1 is an applied voltage value at the time of 1-mA electri.c 

current flowing in the vari.stor. 

As for mole ratios of Sr. Ba and Ca whi.ch are contents of 

the A site component, it is preferable that Sr is set 0.10 or 

more but 0.40 or less. Ba is 0.30 or more but o.so or less, and 
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Ca is more than o. 20 but o. 50 or less. It is more preferable 

that Sr is set 0.30 or more but 0.40 or less, Ba is 0.30 or 

more but 0.40 or less, and Ca is 0.25 or more but 0.30 or less. 

Then, 1.t becomes possible to enhance electrical characteri.stics 

such as the controllability of the varistor voltage E10 , 

temperature characteristics of the varistor voltage Ea and 

nonlinear coefficient a, and to enhance the thennal shock-proof 

property of the varistor. That is, if there is too much Sr, the 

temperature characteristi.c of E10 will become negative, and if 

too few 1 strength will drop. In addition, if there is too much 

Ba, the pos1tive trend of temperature characteristi.c of E10 

becomes strong too much, and if too few, the temperature 

characteristic of E10 becomes negative. Furth.e:anore, even if 

there is too much Ca or too few ca, the nonlinear coefficient a 

to the varistor voltage E10 becomes small. In addition, if there 

is too much Ca, the varistor voltage E10 becomes extremely large 

to become difficult of control, and a base is made an insulator 

by reoxi.dation. 

It is preferable that the mole percent (this is 

calculated by the nmnber of moles of metal :Lons) of a 

semi.condnctoriz:l.ng agent (the second and/or third components) 

to a principal component (Ti.02 ) is between 1.0 and 10.0 

inclusive. Alternatively, it is more preferable that the mole 

percent is between 1.0 and 4.0 inclusive. Then, it 1.s possible 

to enhance the thennal shock-proof property of the varistor. 

That is, even 1.f there are too much semiconduotorizing agent or 
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too few, it becomes easy that a the:cma.1 crack arises. 

In addition, it is preferable that the total A/B is 

between 0.84 and 1.16 inclusive. Furthennore, it is more 

preferable that the total A/B is between 0.96 and 1.01 

inclusive. Then, even if an amount of the fourth component 

(Si.Oz} is reduced, as described later, a degree of sintering can 

be improved. That is, this is because sintering is blocked even 

if the total A/B is too large or too sma11, and hence the base 

is made an insulator owing to reoxidation. In ad.di.ti.on, thi.s i.s 

also because a the:ana.l crack easily ari.ses if total A/B is too 

large or too small. In a range where an amount of Si02 is few 

and a lot of semiconductorizing agent is added as described 

above. in order to maintain the thermal crack-proof property, 

it becomes indispensable to restrict an upper limit of the 

total A/B to be 1.16 or less, or more preferably, to be 1.01 or 

less. 

The the:nnal shock-proof property of a varistor can be 

sharply enhanced by setting the mole percent of the fourth 

component (SiOa) to the principal component (Ti02 ) to be 0.6 or 

less, or more preferably, to be O. 3 or less. That is, Si.Ca is 

added as a sintering additive and it is possible to stably 

perfo:an sintering even if the composition fluctuates. but 

however, if the amount of Si02 increases, it becomes easy for a 

thermal crack to arise. It should be noted that the content 

(mole percent) of Si.02 of O. 6 or less or of O. 3 or less also 

includes the case where its dosage is zero. 
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The thennal shock-proof property of a varistor can be 

enhanced by not including Mg substantially. Namely, this is 

because, if Mg is included in ceramic, it becomes easy for a 

thet:mal. crack to arise. That material is not contained 

substantially means that the content of the materi.al is in 

general less than about 0.001 mole percents. 

The varistor ceramic 10 may also contain the fifth 

component (additive) that consists of at least one kind of 

oxide selected from among ox1.des of Li. Na, Mn, Co, N1. CU. Zn, 

Sc, Fe, Ga, In, Mo and w. Supposing the content 1s the number 

Of moles obtained by converting Li., Na, Mn, Co, Ni., Cu Zn, Sc, 

Fe, Ga, In, Mo and W into Li0112 • Na0112 , Mn.0, Co0413 , NiO, CU.O, 

ZnO, Sc0312 , Fe0312 , Ga~12 , In0312 , Mo03 and W03 , it i.s preferabl.e 

that the composition 1.s O < h/d x 100 ~ 1.000. Thereby, there 

is an effect of improving the nonlinear coefficient a. 

In addition, the varistor ceramic 10 may also contain 

other elements such as P, S, K, Al and Zr as unavoidable 

impuriti.es besides such additives. Such elements usually exist 

as oxides. 

As described above, the varistor ceramic 10 1.s a 

polycrystal consisting of perovski te type crystals. A part of 

each component is contained in the perovskite type crystals 

with bei.ng solidly solved in grains, and another part exists in 

crystal grain boundaries as oxides or complex oxides. For 

example, Ba, Ca, Sr, Ti, Nb, Ta, Y, lanthanoids and the li.k.e 

exist mostly in grains, and Mo, W, Mn, Si, Co and the like 
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exist mostly 1.n crystal grain ooundaries. 

A mean grain diameter of the varistor ceramic 10 usually 

1.s about 0.5 to 10 µm, and in parti.cular, 1 to 6 µm. 

The electrodes 11 are fonned with Cu or mater1.al mainly 

made of Cu. If the electrodes are made of Ag, the Ag content of 

these electrodes dissolves 1.nto the solder due to the increase 

of soldering temperature. and hence, at least a part of the 

electrodes disappears. Nevertheless. the electrodes 11 made of 

the mater1.al ma.de of CU or mainly made Cu are hard to be etched 

even under elevated temperature, and are endurable in hot 

soldering work. 

The material mainly made of cu means each Cu alloy of Cr, 

Zr, Ag, Ti, Be. Zn. Sn, Ni, Al, Si or the like, or Cu 

containing glass frit made of oxides of Li, Na, K, Sr, Ba, Mn, 

CU, Zn, B, Si, Al, Bi, Pb or the like. 

Fi.g. 2 1.llustrates a rate of the residual electrode area 

to the solder temperature at the time of using CU and Ag as 

electrode material, respectively. 

After coating flux and preheating a ring varistor which 

is a sample, it is perfonned to dip the ring varistor in a 

solder bath, containing eutectic solder at each temperature, 

for 5 seconds. 

As apparent from the figure, when the sol.der temperature 

becomes 400°C, etching progresses in the Ag electrode for a 

residual electrode area to become about 55.5% of the original, 

but on the other hand, Cu electrode is never etched for the 
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residual electrode area to be 100-%' of the original. 

Next. a manUfacturing method of this varistor ceramic 10 

will be described simply. 

'!'he varistor ceramic 10 is obtained by processing raw 

material powder in order of mixing, calcining, grinding. 

fo:cming, binder removal, reduction sintering, and reoxidation. 

The powder of a compound of each structural element of 

ceramic is usually used for the raw material powder. An oxide 

or a compound which becomes an oxide by sintering, such as 

carbonate and a hydroxide can be used for the raw material 

powder. For example, if an example is given about Ba, at least 

one kind of barium compound such as Ba~, Ba8i03 , Bao, Ba.Cl.a, 

Ba(OH) 2 and Ba(N03 ) 2 , and alkoxide (for example, {~0) 2Ba), can 

be used as the raw material. The mean particle diameter of the 

raw mater.ial powder may be usually about 0.2 to 5 µm. 

First, the weighing of the rawmater:i.al powd.er is 

perfonned so that the final canposition may become the above­

described composition, and usually, wet blending is perfonned. 

Subsequently, after perfo:aning dehydration processing, the raw 

material powder is dried and calcining is perfonned at about 

1080 to 1250°C for about 2 to 4 hours. Next, after grinding a 

cal.cining object, an organic binder is added, and further, 

water, a pH regulator, a moisturizer and etc. are added and 

mixed. Subsequently, a mixture is molded. and is sintered at 

about 1250-1400°C in a reducing atmosphere for about 2 to 4 

hours, after perfonning binder removal processing, for 
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obtaining semiconductor ceramic. 

Each raw mate~i.al powder such as Nb, Ta, Y, lanthanoids, 

Mo, W, Mn, Si, Co and the like may be added at the time of 

mixing after the calcining. 

The semiconductor ceramic obtained in this manner is 

given heat treatment (reoxidation processing), for example, at 

the temperature of about 800 to 1000°c in an oxidizing 

atmosphere such as air, so that a suitable varistor voltage 

according to an object may be obtained. The insulating layer 

!Ob is foDned in a surface portion by this heat treatment. 

Varistor characteristics appear owing to the presence of this 

insulating layer. Since the nonlinear coefficient a and 

var1.stor voltage become large if this insulating layer is thick, 

and they become small if thin, what is necessary is just to 

select heat treatment conditions so that the insulating layer 

may become suitable thickness according to the characteristics 

demanded as a product. 

Electrodes are f o:aned on one surf ace of the varistor 

ceramic after the reoxidation processing with Cu or the 

materi.a1 mainly made of Cu, and a varistor is obtained. 

Hereinafter, the present invention will be described 

further in detail with reference to examples according to the 

first embodiment. 

ExarJWle 1-1 

What is perfonned in this example 1-1 is comparison of 

samples obta:l.ned by fixing other parameters such as a mole 
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percent and a kind of a semiconductorizing agent, a·total A/B, 

and a mole percent of s102 , and changing mole rati.os of an A 

site component. 

First, after respectively weighing by conversi.on and 

blendi.ng SrCo3 • BaC03 , CaC03 , Ti02 , Nb0512 and Si.02 as raw material 

so that they might have the composi.tion shown in Table 1-1, 

they were mixed for 10 to 20 hours with using an wet media mill, 

dehydrated and dried. 

After calcining a mixture obtained, at 1150°C with using 

a tunnel kiln, the mixture was rough-ground, and agai.n, 

dehydrated and dried after being mixed with a wet media mill 

for 10 to 20 hours. Subsequently, 1. o to 1. 5 wt%' of polyvinyl 

alcohol was mixed to the mixture as an organic binder to be 

granulated, and the granulated mixture was formed at fanning 

pressure of 2 t/an.2 to become a formed object haVing an outer 

diameter of 12 mm, an ins:Lde diameter of 9 nun and a thickness 

of 1.0 mm. 

After perf o:aning the binder removal processing of this 

fonning object at about 1000°c in an air atmosphere, sintering 

was perf o:nned for 2 hours at about 1350°C in a reducing 

atmosphere of N2 (95 volume percent) + 1I:z (5 volume percent) for 

the semiconductor cerami.c to be obtained. Subsequently, two­

hours reoxidation processing of the semiconductor ceramic was 

performed at 950°C in the air for the varistor ceramic to be 

obtained. 

Next, CU paste was applied to one surface of the vari.stor 
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ceramic 10 as shown in Figs. la and lb, in a neutral atmosphere, 

the f.ive CU electrodes 11 shown in these figures were f onned by 

baking the Cu paste at 750°C to obtain test samples of the 

varistors for measuring. 

Then, after measuring the voltages E1 and E10 of ~ach 

sample at 20°c, the nonlinear coefficient a. was obtained from a. 

= l/log(E10/E1 ) with using the measured voltages E1 and E10 • 

Furthennore, the temperature characteristic (temperature 

coefficient) of the varistor voltage E10 was obtained. Moreover, 

a the:ana.1 crack test of each sample was perfonned. 

The voltages E1 and E10 were measured with using a 

measuring circuit shown in Fig. 3. In this measuring circuit. 

an anmeter 30 is connected in series between a varistor 31 and 

a DC constant current source 32, and a voltmeter 33 is 

connected in parallel with the varistor 31. The voltages E1 and 

E10 were measured by measuring the voltage values between both 

tenninals of the varistor 31 when electric current of 1 mA and 

10 mA flow in the varistor 31 respectively with using the 

ammeter 30 and the voltmeter 33. 

Temperature characteristics {temperature coefficient) 

AElO'l' of the varistor voltage E10 were obtained with AE10T = 
{(E10(85)-E10{20))/{E10 (20) x (85 - 20)} x 100 [t/°C] about each 

sample. The voltages E10 (20} and E10(85) are the varistor 

voltages E10 at the temperature of 20°C and 85°C, respecti.vely. 

These were measured with using a thennostat oven. 

The thermal crack test was perfonned by contacting a 
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soldering iron, where temperature was set beforehand, to the 

electrode side of the sample left at the room temperature, for 

3 seconds with supplying eutectic solder. As temperature of the 

soldering iron, two kinds of temperature, that is, 360°C and 

400°C were used. Hundred samples were visually inspected for 

cracks with using alcohol. The result is shown in Table 1-1. 
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c.o 
(.0 

Sal:DPle 
No. 

1·1 
1·2 
l·S 
1•4 
1·5 
1·6 
1·'7 
1•8 
HJ 
1·10 
1·11 
1·12 
1·13 
1·14 
1·15 
1·16 
1·1'7 
1·18 
1•19 
1·.20 
1·21 
1·22 
1·23 
l·.24 
1·26 
1·26 
1·27 
1·28 
1·29 
1·80 
1·31 
1·32 

Sr mole 
ratio 

a/(a+b+c) 

0.30 
0.80 
OJl6 
0.36 

' 0.36 
0.40 
0.40 
0.10 
0.10 .. 
0.20 
0.20 
0.20 
0.30 
0.40 
0.50 
1.00 
0.80 
0.50 
0.20 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.80 
0.50 
0.20 
0.60 
0.20 
0.40 
0.20 

Ba male Ca mole 
ratio ratio 

blCa+b+c) c/(a+b+c) 

0.35 0.85 
0.40 0.30 
0.30 0.35 
0.35 o.ao 
0.40 o.2s 
0.30 0.30 
0.36 0.25 
0.40 0.60 
0.50 0.40 
0.30 . 0.60 
0.40 0.40 
0.50 o.so 
0.50 0.20 
0.40 0.20 
0.30 0.20 
o.oo 0.00 
0.20 0.00 
0.50 0.00 
0.80 0.00 
1.00 o.oo 
0.80 0.20 
0.60 0."10 
0.40 0.60 
0.20 0.80 
0.00 1.00 
0.00 0.20 
0.00 0.60 
0.00 0.80 
0.20 0.20 
0.60 0.20 
0.20 0.40 
0.20 0.60 

Table l·l 

Com.uogttion 
Component Mole%of Total Si02 

of semic:ond AIB mole% 
semicondu uctorlzing 

ct.orizing agent 
81lCO.t 

NbO.w a.oo 0.98 0.20 
NbO.w 3.00 0.98 0.20 
NbO- 3.00 0.98 0.20 
NbO ..... s.oo 0.98 0.20 
NbO,.,.. 8.00 0.98 0.20 
NbO ... 3.00 0.98 0..20 
NbO ... a.oo 0.98 0.20 
NbO .... s.oo 0.98 0.20 
Nb@,,,. 3.00 0.98 0.20 
NbO .... . 3.00 0.98 0.20. 
NbO- 3.00 0.98 0.20 
NbO .... 3.00 0.98 0.20 
NbOaio 3.00 ·o.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbO..,. S.00 0.98 0.20 
NbONll 3.00 0.98 0.20 
NbOll! a.oo 0.98 0.20 
NbO- 3.00 0.98 0.20 
NbOlll!I 3.00 0.98 0.20 
NbO....., 3.00 0.98 0.20 
NbO....., s.oo 0.98 0.20 
NbO .... 3.00 0.98 0.20 
NbO ...... 3,00 0.98 0.20 
Nb OM! s.oo 0.98 0.20 
Nb01112 s.oo 0.98 0.20 
NbOM! 3.00 0.98 0.20 
Nb01112 3.00 0.98 0.20 
Nb01112 3.00 0.98 0.20 
Nb0512 3.00 0.98 0.20 
NbO .... 8.00 0.98 0.20 
Nb0112 a.oo 0.98 0.20 

NbO""' 3.00 0.98 0.20 

El.ect:rica.l Characteristics 
Component Eao 
of additive E,o a Temperature 

(V) Charact:eristics 
A'Eiar(W-C) 

None 15.8 8.7 0.01 
None 12.9 8.5 0.02 
None 16.l 4.0 o.oo 
None 11.5 3.4 0.01 
None 11.G 3.5 0.02 
None 11.8 3.7 o.oo 
None 10.9 3.5 0.01 
None 39.9 3.9 0.03 
None 20.1 3.5 0.04 
None sa.o 4.2 0.01 
None 20.6 3.8 0.03 
None 16.7 3.4 0.04 
None 11.0 2.8 0.04 
None 10.6 2.8 0.02 
None 10.0 2.7 -0.01 
None 4.3 2.9 -0.50 
None 4.8 3.0 -0.08 
None 8.0 3.1 O.lli 
None 2.2 2.3 0.71 
None 0.4 1.6 1.20 
None 4.6 2.6 0.23 
None 18.4 3.4 0.10 
None 74.0 3.1 0.06 
None 187.0 2.7 0.01 
None Isolated - -
None 138.0 2.4 -0.15 
None 8f:l.6 4.4 -0.08 
None 9.1 3.5 -0.0l 
Nooe 9.2 3.3 -0.07 
None 9.9 3.2 0.11 
None 22.0 4.1 -0.03 
None 47.1 2.8 0.00 

Thermal Crack 'That 
(Soldering Iron 

Temperattlre •C) 

sso~c 400°C 

Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 

. Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 

·Good Good 
Good . Good 
Good Good 
Good f''dlfJd 
Good No Good. 
GoOd No Good. 
Good No Good 
Good No Good 

No Good No Good. 
No Good No Good 

Good Good 
Good. No Good. 
Good No Good 
Good Good 
Good Good 
Good Good 
Good Good 

. -~ 

l1 

·1 

I 
I 

l 
l ·i 
·1 

j 
l 
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Mole ratios of the A site component have large influence 

on the electrical characteristic of a varistor, and in 

particular, to the temperature characteristic of the varistor 

voltage E10 • When the temperature characteristic of the voltage 

E10 is negative, the varistor voltage drops in connection with 

the r1.se of operating temperature, and hence, excessive 

electric current flows to the varistor or a possibility of 

causing a thermal runaway exists. Therefore, this is not 

adoptable. Therefore, the samples 1-15 to 1-17, 1-26 to 1-29 

and 1-31 are in ranges where samples cannot be used as 

varistors. 

Even if the temperature characteristic of the voltage E10 

is zero or positive, it is not desirable to exceed 0.06, and 

hence, the samples 1-18 to 1-23 and 1-30 are not preferable as 

vari.stors. 

Since being insulated as a whole by reoxidation 

processing, the sample 1-25 does not operate as a varistor. In 

addition, since the samples 1-24 and 1-26 contain too much ca, 

their varistor voltage E10 :is extremely high, and hence, control 

is difficult. 

Since Ca contained is too much or too little although the 

E~ characteristics of the samples 1-13, 1-14 and 1-32 are 0.06 

or less. their nonlinear coefficients a to the varistor voltage 

E10 are low, and hence they are not preferable. 

Therefore, it can be said that the samples 1-1 to 1-12 

are preferable because the temperature characteri.stic of the 
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varistor voltages E10 are o. 06 or less and the coefficients a to 

the varistor voltages E10 are not so low. This corresponds to A 

site mole ratios specified in claim 1. In this range, no crack 

arose at the the:cmal crack test where the temperature of the 

soldering iron was 360°C, and furthennore, no crack also arose 

at the thennal crack test where the temperature of the 

so1dering iron was 400°C. 

Furthennore, the samples 1-1 to 1-7 whose temperature 

characteristics of the voltages E10 are 0.02 or less are more 

preferable in the present invention. This corresponds to the A 

site mole ratios specified in claim 2. In particular, the 

sample 1-4 has the best balance of the temperature 

characteristic of the voltage E10 and the nonlinear coefficient 

a, and the mole ratios of the A site component near that of 

this sample are most preferable in the present invention. 

Example 1-2 

What is perfo:aned in this example 1-2 is comparison of 

samples obtained by changing an amount of a semi.conductori.zing 

agent. 

With fixing other parameters such as A site mole rati.os, 

a kind of a semiconductorizing agent, a total A/B, and a mole 

percent of s10a. and perfoming the same setup as that in the 

example 1-1 except for setting the mole percent of a 

semiconductorizing agent as sho'Wn in Table 1-2, samples were 

produced, which were measured similarly to those in the example 

1-1. The result is shown in Table 1-2. 
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Table 1·2 

Composition 

Sample Sr mole Ba mole Ca mole Component Mole%of Total 
No. ratio ratio ratio of semicond AJB 

a/(a+b+e) b/(a+b+c) c/Ca+b+e) semiconduc uctorizing 
tor.izing agent 
annt 

1·33 0.35 0.35 o.ao mo., ... 0.10 0.98 
1·34 0.35 0.35 o.so NbO- 1.00 0.98 
1•85 0.85 0.85 0.30 NbO- 2.00 0.98 -
1-4 0.35 0.35 0.30 NbO ..... 3.00 0.98 
1·36 0.35 0.35 0.30 NbO ..... 4.00 0.98 
1·37 0.35 0.35 0.30 NbO ..... 10.00 0.98 
1·38 0.35 0.35 o.ao NbO ..... 15.00 0.98 ~ 

··' 

Electrical. 
Characteristics 

Si02 Component 
mole of additive E10 a 

% (V) 

0.20 None 30.2 3.1 
0.20 None l!S.5 3.4 
0.20 None 12.4 3.4 
0.20 None 11.5 3.4 
0.20 None 12.1 3.5 
0.20 None 11.5 3.6 
0.20 None 14.3 3.3 

Therm.al Crack Teet 
(Soldering Tron 

Temperature °C) 

360"'0 400°c 

No Good No Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good No Good 

No Good No Good 
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The amount of semiconductorizing agent affects the 

thellnal crack-proof property of varistor ceramic. Since the 

samples 1-33 and 1-38 have too few and too much 

semiconductorizing agent respectively, thennal cracks arose in 

the test where the tenipe.rature of the soldering iron .was 360°C, 

and hence, these are not preferable. Therefore. the samples 1-4 

and 1-34 to 1-37 where thennal cracks did not arise in the test 

where the temperature of the soldering iron was 360°C are 

preferable in the present invention. This car.responds to the 

mole percent of a semiconductorizing agent specified in c1ai.m 1. 

Furthennore, since a thermal crack arose in the test 

where the temperature of the soldering iron was 400°C in the 

sample 1-37, the samples 1-4 and 1-34 to 1-36 where cracks did 

not arise in this 400°C thermal crack test are more preferable 

in the present invention. This co.r.responds to the mole percent 

of a semiconduotorizing agent specifi.ed in claim 4. In add:L ti.on, 

mole percents near the mole percent of the semiconductorizing 

agent of the sample 1-4 are most preferable in the present 

inventi.on. 

Example 1-3 

What is perfonned in this example 1-3 is comparison of 

samples where a kind of semiconductorizing agent was changed. 

With fixing other parameters such as A si.te mole ratios, 

mole percents of semiconductoriz1ng agents, a total A/B, and 

mole percent of Si.02 , and performing the same setup as that in 

the example 1-1 except for changing the kind of 
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semiconductorizing agents as shown in Table 1-3, samples were 

produced, which were measured similarly to those in the example 

1-1. The result is shown in Table 1-3. 
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Sample 
No. 

1-4 
1·39 
1·40 
1-41 
1·42 
1·43 
1·44 
1-45 
1·46 
1·47 
1-48 
1·49 
l·oO 
1·51 
1·52 
1·58 
1·54 

1·55 

Sr mole 
ratio 

al(a+b+c) 

0.35 
0.85 
0.35 
0.35 
0.85 
0.35 
0.35 
0.36 
0.85 
0.85 
0.86 
0.35 
0.35 
0.36 
0.36 
0.35 
0.35 

0.85 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/(a+b+c) 

0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.85 0.30 
0.85 0.30 
0.35 0.30 
0.85 0.30 
0.86 0.30 
0.85 0.30 
0.35 0.30 
0.86 0.30 
0.35 0.30 
0.35 0.30 
0.85 0.30 
0.35 0.30 
0.35 0.30 

0.35 0.30 

Table 1·3 

Compoaition 

Comp one Mole%of Total 
ntof semicond A/B 

aemicond uet.orlzing 
uctorizing agent 

ae:ent 
NbO .... 3.00 0.98 
TaOR/11 3.00 0.98 
yo,.,., S.00 0.98 
1410 .... 3.00 0.98 
CeO.. 8.00 0.98 

PrO ..... 3.00 0.98 
NdORIJI 3.00 0.98 
·Smo~ 3.00 0.98 
_ EuO.. ... 3.00 0.98 

Gd02.12 3.00 0.98 
TbQ.,,. 3.00 0.98 
DvOa,., s.oo 0.98 
Hoo ..... 3.00 0.98 
ErO ..... 3.00 0.98 
TmO- 3.00 0.98 
YbO .... 8.00 0.98 
LuO!ll!! s.oo 0.98 
NbOM 
+Y0.,1 3.00 0.98 
Equal 

numbexs 
of moles 

Electrical 
Characteristic& · 

Si01 Component 
mole of additive Eio a 

% M 

0.20 None 11.5 8.4 
0.20 None 15.4 3.4 
0.20 None 26.6 3.7 
0.20 None 15.1 3.9 
0.20 None 14.9 8.5 
0.20 None 16.2 8.6 
0.20 None 16.8 3.7 
0.20 None 14.8 S.5 
0.20 None 19.0 3.8 
0.20 None 16.2 3.6 
0.20 None .21.3 3.8 
0.20 None 18.3 3.6 
0.20 None 25.4 3.6 
0.20 None 27.9 4.0 
0.20 None 24.1 3.9 
0.20 None 29.2 3.9 
0.20 None 28.2 4.1 

0.20 None 22.0 4.0 

Thermal Crack Teat 
(Soldering Iron 

Temperature •C) 

s60°c 400°0 

Good Good 
Good Good 
Good Good 
Good Good 
Good GoOd 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good Good 

Good Good 
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Since thennal cracks did not arise in all the samples 1-4 

and 1-39 to 1-55 in the tests where the temperature of the 

soldering iron was 360°C and 400°C. it is preferable in the 

present invention to use Nb0512 , Ta0512 • Y0312, La~12 , ce02• Pr01116 , 

Nd0312• Sm0312• Eu0312• Gd.0312• Tb0.,,4• Dy0312• H~12• Er0312• 'l'm0312• 

~12 , Lu~12 or Nb0512 + Y0312 (equal numbers of moles) as a 

semiconductorizing agent. 

Example 1-4 

What is perfonned in this example 1-4 is comparison of 

samples obtained by changing a total A/B. 

With fixing other parameters such as A site mole ratios. 

a mole percent and a kind of semiconductorizing agent, and a 

mole percent of SiO:z, and perfonning the same setup as that in 

the example 1-1 except for changing the total A/B as shown in 

Table 1-4, samples were produced, which were measured similarly 

to those in the example 1-1. The result is shown in Table 1-4. 
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Table 1-4 

Composition 
Sample 

No. Sr mole Ba mole Ca mole Componen Mole%of Total 
ratio ratio ratio tof eemicond A/B 

aJ(a+b+c) b/(a+b+c) c/{a+b+c) semicondu uctorizing 
ctorizing agent 

uent · 
1•56 0.85 0.35 0.30 Nb0$12 3.00 0.80 
1·57 0.85 0.35 0.30 NbQ~'° 8.00 0.84 
1·58 0.85 0.35 0.30 NbO!W 3.00 0.96 
1·4 0.85 0.85 0.30 NbO..,. 3.00 0.98 
1·59 0.85 0.35 o.so NbQ., ... s.oo 1.00 
1•60 0.35 0.35 0.30 NbO ... 8.00 1.01 
1•61 0.35 0.35 0.30 NbO .. l<i 3.00 1.16 

~ 1•62 0.35 0.85 0.30 Nb01112 3.00 1.20 

Electrical 
Characteristics 

Si01 Component 
mole of additive Eio a 

% (V) 

0.20 None Isolated -
0..20 None 4.4 2.6 
0.20 None 7.0 3.1 . 
0.20 No tie 11.5 3.4 
0.20 None 9.5 3.3 
0.20 None 6.3 3.0 
0.20 None 51.5 3.2 
0.20 None Isolated -

Thermal Crack Teat 
<soldering Iron 

Temperature °C) 

sao•c 400°C 

No Good No Good 
Good No Good 
Good Good 
Good Good 
Good Good 
Good Good 
Good No Good 

No·Good No Good 
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The value of the total A/B affects the degree of 

sintering of ceramic. The samples 1-56 and 1-62 have too small 

and too large total A/B respectively, these could not operate 

as varistors because it was impossible to sinter precise 

ceramic. and they were insulated as a whole by reoxidation 

processing. Furthennore, a thennal crack arose when the 

temperature of the soldering iron was 360°C. 

As shown in Table 1-4, in a range where an amount of Si02 

is few and a lot of semiconductorizing agent is added, in order 

to maintain the thennal crack-proof property, it is 

indispensable to especially control an upper limit of the total 

A/B. If the total A/B exceeds 1.16, a thennal. crack arises at 

360°C, and if the total A/B exceeds 1.01, a thennal. crack arises 

at 400°C. 

That is, since a thellna.1 crack did not arise in the test 

where the temperature of the soldering iron was 360°C, the 

samples 1-4 and 1-57 to 1-61 are preferable in the present 

invention. This corresponds to a total A/B specified in c1aim 1. 

Furthennore, since a the:anal. crack did not ari.se in the 

test where the temperature of the soldering iron was 400°C, the 

samples 1-4 and 1-58 to 1-60 are preferable in the present 

invention. This corresponds to a total A/B specified in cla1m 3. 

The vicinity of the total A/B where the B site component is a 

little rich like the sample 1-4 is a most preferable range of 

the present invention. 

Exalgple 1-5 
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What is perfonned in this example 1-5 is comparison of 

samples obtained by changing a mole percent of Si02 • 

With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductorizing agent, and a 

total A/B, and perfonning the same setup as that in the example 

1-1 except for changing the mole percent of SiOa as shown in 

Table 1-5, samples were produced, which were measured s.llnilarly 

to those in the example· 1-1. The temperature of a soldering 

iron in a thennal crack test was three kinds of temperature, 

that is, 360°C, 400°C and 450°C. The result was shown in Table 

1-5. 
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Sample 
No. 

1·68 
1•64 
1· 4 
1•65 
1-66 
1·67 
1-68 

Sr mole 
ratio 

a/(a+b+c) 

0.85 
0.35 
0.35 

. 0.35 
0.35. 
0.35 
0.85 

Bam.ole Ca mole 
ratio ratio 

bl(a+b+c) c/{a+b+c) 

0.35 0.30 
0.35 0.30 
0.85 0.30 
0.85 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 

Table 1·5 

Com.position 

Comp one Mole%of 'l'bt.al Si02 
ntof senrieond AJB mole 

aemicond uctorizing % 
uctorizlllg agent 

a.nnt 
NbO •• 3.00 0.98 0.00 
NbOw ... 3.00 0.98 0.10 
NbO ... S.00 0.98 0.20 
NbO.- 3.00 0.98 0.80 
NbOM 8.00 0.98 0.60 
NbO- 8.00 0.98 1.00 
NbO~ 8.00 0.98 1.50 

Electrical 
Characteristics 

Component 
of additive E10 Q. 

(V) 

None 7.7 8.3 
None 8.5 8.4 
Nolle 11.5 3.4 
None 13.7 8.6 
None 10.4 3.4 
None 837.0 .2.9 
None Isolated -

Tho:rmal Cra.ek Test 
(Soldering Iron 'Ibm.perature 

"Cf> 

360°0 400°C 450°c 

Good Good Good 
Good Good Good 
Good Good Good 
Good. Good Good 
Good Good No Good 

No Good No Good No Good 
No Good No Good No Good 

(\ 

·1 

I 
:I. 

j 

j 

'f 
ii 

I 
i 
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S102 is added as a sintering additive. If Si02 is 

contained, it becomes possible to perfoz:m stable sintering even 

if composition fluctuates. However, if its amount increases, it 

becomes easy for a thermal crack to arise. 

Since there was too much S.102 and thus a th.ennal crack 

arose .in the test. where the temperature of the so1der:l.ng .iron 

was 360°C, the samples 1-67 and 1-68 are not preferable. 

Therefore. the samples 1-4 and 1-63 to 1-66, where a the:anal 

crack d.id not arise in the test where the temperature of the 

soldering iron was 360°C and 400°C, are preferable :l.n the 

present invention. This corresponds to the mole percent of Si<>a 

speci.fi.ed in claim 1. Al though a dosage of Si02 :l.n the sample 

1-63 is zero nominally, in fact, Si02 is contained in each raw 

material as an impur:lty, and hence actual Si~ content of the 

sample 1-63 does not become zero. 

A thennal crack arose :l.n the sample 1-66 in the test 

where the temperature of the solder:lng iron was 450°C. Thus, 

the sample 1-4 and 1-63 to 1-65 become more preferable in the 

present invention where a thennal crack did not arise in the 

test at the temperature of the soldering iron of 450°C. This 

corresponds to the mole percent of Si02 specified :l.n claim 5. 

In addition, the mole percent of Si02 near that of the sample 1-

4 is most preferable in the present invention. 

Example 1-6 

What is perfo:aned in this example 1-6 is comparison of 

samples where a ki.nd and an amount of an additi.ve were changed. 
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With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductorizing agent, a 

total A/B, and a mole percent of Si02 , and perfoJ:ming the same 

setup as that in the example 1-1 except for changing the kind 

and amount of an additive as shown in Table 1-6. samples were 

produced, which were measured similarly to those in the example 

1-1. The result is shown in Table 1-6. 
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Sample 
No. 

1-69 
1·70 
1•71 
1·72 
1•73 
1•74 
1·75 
1•76 
1·77 
1·78 
1·79 

Sr mole 
ratio 

a/(a+b+c) 

0.85 
0.35 
0.35 

'0.85 
0.35' 
0.85 
0.85 
0.35 
0.35. 
0.35 
0.35 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) cl(a+b+c) 

0.35 o.ao 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 o.ao 
0.35 0.30 • 
0.35 0.30 
0.85 0.30 

Table 1·6 

Composition 

Compone Mole%of 'lbtal Si02 
ntof semicond AIB mole 

semieond. uctorizing % 
uctorizing agent 

airent 
NbOiw 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbO.,. 3.00 0.98 0.20 
NbO .... 3.00 0.98 0.20 
NbOMI 3.00 0.98 0.20 
NbO .... 3.00 0.98 0 • .20 
NbO .... 3.00 0.98 0 • .20 
NbO .... 3.00 0.98 0 . .20 
NbOlllt 3.00 0.98 0.20 
NbO .... 8.00 0.98 0.20 
NbOA.01 S.00 0.98 0.20 

~ 
:I 

l 
ill 

Electrical Thermal Crack Thst 
Characteristics <soldering Iron 

Comp on en Mole% Temperatw:e 110) 
tof of Eio a 

additive additive (V) S60qC 400°C 

MnO 0.01 15.6 4.0 Good Good 
MnO o.os 15.0 4.1 Good Good 
MnO 0.60 19.6 4.2 Good Good 
MnO 1.00 26.S 4.4 Good Good 
Mn.0 2.00 l&0lated - No Good No Good 
eoo .... 0.01 13.l 3.4 Good Good 
CoO ..... 0.50 22.1 3.7 Good Good 
CoO.un 1.00 28.8 3.7. Good Good 
CoO.w 2.00 Isolated No Good No Good 
MoO .. 0.20 12.0 3.6 Good Good wog 0.20 11.8 3.6 Good Good 
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An additive has the action of adjusting electrical 

characteristics such as the varistor voltage E10 and the 

nonlinear coefficient a. Mn enlarges the varistor voltage E10 

and the nonlinear coefficient a. and Co enlarges varistor 

voltage E10 • In addition, it is found that Mo and W have the 

action of enlarging the nonlinear coefficient a. Although not 

shown in Table 1-6, it is found that other elements such as Li, 

Na, Ni, Cu, Zn, Sc, Fe, Ga and In also have the same action. 

Since the samples 1-73 and 1-77 had a too large amount of 

dosage, the degree of sintering was blocked and the ceramic was 

insulated by the reoxi.dation processing. Therefore, the samples 

1-69 to 1-72, 1-74 to 1-76 and 1-78 to 1-79 each having the 

mole percent to a principal component that is 1.00 or less are 

preferable in the present invention. This is included in the 

kind and mole percent of an additive specified in claim 6. 

Example 1-7 

What is perfonned in this example 1-7 is comparison of a 

sample, where Mg is not added substantially, and samples 

obta:lned by changing a dosage of Mg. 

With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductorizing agent, a 

total A/B, and a mole percent of SiOa, and perfonning the same 

setup as that in the example 1-1 except for changing the dosage 

of Mg as shoWn in Table 1-7. samples were produced. whi.ch were 

measured s1milarly to those in the example 1-1. The result is 

shown in Table 1-7. 
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Sample 
No. 

1· 4 
1·80 
1·81 
1·82 

Sr mole 
ratio 

al(a+b+c) 

0.85 
0.35 
0.35 
0.35 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c!Ca+b+cl 

0.3~ o.ao 
0.35 o.ao 
0.85 0.80 
0.35 0.30 

Table 1·7 

Composition 

Compone Mole %of lbtal 
utof semicondu NB 

semicond ctorizing 
uctorizing agent 

asrent 
NbO&lll a.oo 0.98 
NbOll» 3.00 0.98 
Nb0~111 3.00 0.98 
NbOiw 3.00 0.98 

Electrical 
Chara.ct.eristiee 

Si Os Component Mole% 
mole otadditive of Eio a: 

% additive (V) 

0.20 None - 11.5 8.4 
0.20 MizO 0.001 12.0 3.5 
0.20 Mg() 0.01 14.4 3.8 
0.20 MClO 0.50 16.6 4.2 

Thermal Crack Test 
(Soldering Iron 

Temperature 00) 

aso•c 4oo•c 

Good Good 
No Good No Good 
No Good No Good 
No Good No Good 

'~ 

~ 
' ., 
l 

! 
1? 
I 



If Mg is contained. it becomes very easy for a thennal 

crack to arise. Since a the:rmal crack arose even in the test 

where the temperature of the soldering iron was 360°C, samples 

1-80 to 1-82 each having the content to a principal component 

that is 0.001 or more mole percent are not preferable. 

Therefore, it is preferable in the present invention that 

Mg is not contained at all like the sample 1-4, or the content 

of Mg .is less than about 0.001 mole percent in general (Mg 

should not be contained substantially) • This corresponds to 

contents specified in claim 1. 

Second Embodiment . 

Hereinafter, the composition of the varistor cerami.c 10 

in this second embodiment will be described. 

The varistor ceramic 10 contains a first component of the 

cornposi.te perovskite which consists of oxides of Sr, Ba, Ca and 

Ti, at least one component of a second component whi.ch consists 

of at least one kind of oxide selected from oxides of R (Y and 

1anthanoi.ds (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb 

and Lu)) and a third component which consists of at least one 

kind of axi.de selected from oxides of M (Nb and Ta) , and a 

fourth component which consists of an oxide of Si. It is 

assmned that a i.s the nmnber of moles calculated for Sr of the 

first component as SrO, b is the nwnber of moles calculated for 

Ba of the first component as Ba.O, c is the number of moles 

calculated for Ca of the first component as cao, d is the 
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number of moles calculated for Ti of the first component as Ti02 , 

e is the number of moles calculated for R of the second 

component as Y03121 ceo2 • PrOi116 , Tb0,14 and ~12 (other 

lanthanoids) respectively. f is the number of moles calculated 

for M of the third component as N't>Os12 and Ta0512 respecti.vely, 

and g i.s the number of moles calculated for Si of the fourth 

component as S.102 • As for the component of th.is varistor 

ceramic .in the trilinear coordinates of a/(a + b + c). b/(a + b 

+ c) and c/(a + b + c), shown in Fig. 4, values of Sr, Ba and 

ea. that .is, a/(a + b + c), b/{a + b + c) and c/(a + b + c) 

exist on a line segment connecting a point (0.2, 0.0, 0.8) and 

a point (O.O, 0.4, 0.6), or in a range where a/(a + b + c) and 

b/(a + b + c) are larger than this line segment (hereinafter, a 

first range). And the component is 0.84 ~ (a + b + c + e)/(d + 

f) s 1.16, 0.75 ~ (e + f)/d x 100 ~ 10.0, and g/d x 100 ~ 0.6. 

As for mole ratios of th.is A site component, it i.s more 

preferable that values of a/(a + b + c}, b/(a + b + c) and c/(a 

+ b + c) in the trilinear coordinates exist on a first line 

segment connecting a point (0.5, 0.0, 0.5) and a point (0.2, 

0.2. 0.6), on a second line segment connecting a point (0.2, 

0.2, 0:6) and a po:int (0.1, 0.4, 0.5), on a third line segment 

connecting a point (0.1, 0.4, 0.5) and a point (O.l, 0.5, 0.4), 

or on a fourth line segment connecting a point (O.l, 0.5, 0.4) 

and a point (0.2, 0.8, o.o). or a/(a + b + c) exists in a range 

larger than these first to fourth line segments (hereinafter, a 

second range} • 
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Furthellnore, as for a mole ratio of this A site component, 

it is still more preferable that values of a/(a + b + c), b/(a 

+ b + c) and c/(a + b + c) in the trilinear coordinates exist 

on a fifth line segment connecting a point (0.4, 0.2, 0.4) and 

a point ( O. 2. O. 4, O. 4) , on a sixth line segment connecting a 

point (0.2, 0.4. 0.4) and a point (0.2. o.s. 0.3), on a seventh 

line segment connecting a po:lnt (0.2, o.s, 0.3) and a point 

(0.3, 0.5, 0.2), on an eighth line segment connecting a point 

(0.3, 0.5, 0.2) and a point (0.6, 0.2, 0.2), or a ninth line 

segment connecting a point (0.6, 0.2, 0.2) and a point (0.4, 

0.2, 0.4), or in a range surrounded by these fifth to ninth 

line segments (hereinafter, a third range). 

It is more preferable that the total A/B is 0.96 :S (a + b 

+ c + e)/{d + f) :S 1.01. 

It is more preferable that, as the amount of a 

semiconductorizing agent is 0.75 :S (e + f)/d x 100 :S 4.0. 

It is more preferable that, the amount of S.i02 is g/d x 

100 :S 0.3. 

The first component is a main component of the varistor 

cerami9 10. This first component consists of, in composite 

perovskite, an A site component of Sr, Ba and Ca, and a B site 

component of Ti. The second and third components are metallic 

oxides that contribute to semiconductorization, and the fourth 

component is mainly added for the improvement of a degree of 

sintering. 

Electrical characteristics as a varistor are mainly 
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expressed with a temperature characteristic of a varistor 

voltage E10 and a nonlinear coefficient a. The varistor voltage 

E10 expresses an applied voltage value at the time of 10-mA 

electri.c current flowing in the varistor, and the nonlinear 

coefficient a is generally expressed in a = 1/log(E10/E1 ). Where, 

E1 is an applied voltage value at the time of 1-mA electri.c 

current flowing in the varistor. 

It is preferable that mole ratios of Sr, Ba and ca which 

are contained in the A site component exist in the first range. 

It 1.s more preferable to exist in the second range, and still 

more preferable to exist in the third range. Then, it becomes 

possible to enhance electrical characteristics such as the 

controllability of the vari.stor voltage E10 , temperature 

characteristics of the varistor voltage E10 and nonlinear 

coeffi.cient a, and to enhance the thennal shock-proof property 

of the varistor. That is, if there is too much Sr, the 

temperature characteristic of E10 will become negati.ve, and if 

too few, strength w.ill drop. In addi ti.on, if there is too much 

Ba, the positive trend of temperature characteri.st1.c of E10 

becomes strong too much, and if too few, the temperature 

characterist1.c of E10 becomes negative. Furthennore, even i.f 

there is too much ca or too few Ca, the nonlinear coeffi.ci.ent a 

to the varistor voltage E10 becomes small. In addition, if there 

is too much ca. the varistor voltage E10 becomes extremely large 

to become difficult of control, and a base is made an insulator 

by reoxidation. 
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It is preferable that the mole percent (this is 

calculated by the nmnber of moles of metal ions) of a 

semiconductorizing agent (the second and/or third components) 

to a principal component (Ti02 ) is between 0.75 and 10.0 

inclusive. A1ternatively, it is more preferable that the mole 

percent is between o. 75 and 4.0 inclusive. Then. 1.t is possible 

to enhance the strength and the thennal shock-proof property of 

the varistor. That is, even if there are too much 

semiconductorizing agent or too few. it becomes easy that a 

thermal crack ar:i.ses. 

In addition, it is preferable that the total A/B is 

between O. 84 and 1.16 inclusive. FurthellllOre, 1.t is more 

preferable that the total A/B is between 0.96 and 1.01 

inclusive. Then. even if an amount of the fourth component 

(Si02 ) is reduced, as described later, a degree of sintering can 

be improved. That 1.s, this is because sintering is blocked even 

if the total A/B is too large or too small, and hence the base 

is made an insu1ator owing to reoxidation. In add:l.ti.on, this is 

also because a thennal. crack eas:i.ly arises.if total A/Bis too 

large or too small. In a range where an amount of Si02 is few 

and a lot of semiconductorizing agent is added as described 

above, in order to maintain the thennal crack-proof property, 

it becomes indispensable to restrict an upper l.imit of the 

total A/B to be 1.16 or less, or more preferabl.y, to be 1.01 or 

less. 

The strength and the thennal shock-proof property of a 
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varistor can be sharply enhanced by setting the mole percent of 

the fourth component (Si02 ) to the principal component (Ti.Oa) to 

be 0. 6 or less. or more preferably. to be O. 3 or less. That is, 

Si<>a is added as a sintering additive and it is possible to 

stably perfo:cm sintering even if the composition fluctuates, 

but however, if the amount of Si02 increases, it becomes easy 

for a the.I:mal. crack to arise. It should be noted that the 

content (mole percent) of Si02 of 0.6 or less or of 0.3 or less 

also includes the case where its dosage is zero. 

The varistor ceramic 10 may also contain an addi.tive that 

consists of at least one kind of oxide selected from among 

oxides of Li, Na. Mn, Co, Ni, CU, Zn, Sc, Fe, Ga, In. Mo and W. 

supposing the content is the number of moles obtained by 

converting Li, Na, Mn. Co, Ni, cu Zn, Sc. Fe. Ga, In, Mo and W 

into Li.0112• Naol/2• Mn.O, Co04131 NiO. cuo. ZnO, Sc03/2' Fe03/2• Ga.03/2' 

In0312 , Mo03 and W03, it is preferable that the composition is O < 

h/d x 100 :s 1. 000. Thereby. there is an effect of improving the 

nonlinear coefficient a. 

In addition, the varistor ceramic 10 may also contain 

other elements such as P, S, K, A1 and Zr as unavoidable 

1mpurities besides such additives. Such elements usually exist 

as oxides. 

As described above, the varistor ceramic 10 is a 

polycrystal consisting of perovskite type crystals. A part of 

each component i.s contained in the perovski.te type crystals 

with bei.ng solidly solved in grains, and another part ex:i.sts in 
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crystal grain boundaries as oxides or complex oxides. For 

example, Ba. ca, Sr, Ti, Nb, Ta, Y, lanthanoids and the like 

exist mostly in grains, and Mo, W. Mn, Si, Co and the like 

exist mostly in crystal grain boundaries. 

A mean grain diameter of the varistor ceramic 10 usually 

is about 0.5 to 10 µm, and in particular, 1 to 6 µm. 

Next, a manufacturing method of this varistor ceramic 10 

wil1 be described simply. 

The varistor ceramic 10 is obtained by processing raw 

mater.ia.l powder in order of mixing, calcining, grinding, 

fanning, bind.er removal, reduction sinteri.ng, and reoxidation. 

The powder of a compound of each structural element of 

ceramic i.s usually used for the raw material powder. An oxide 

or a compound which becomes an oxide by sinteri.ng, such as 

carbonate and a hydroxide can be used for the raw mater.ial. 

powder. For example, if an example i.s given about Ba, at least 

one kind of barium compound such as BaC03 , BaSi~, Bao, BaCl.2 , 

Ba(Oil)2 and Ba(N03 ) 2 , and alkox.ide (for example, (~O);zBa), can 

be used as the raw material. The mean particle diameter of the 

raw material powder may be usually about O. 2 to 5 µm. 

First, the weighing of the raw material powder is 

perfo:aned so that the final composition may become the above­

described composition, and usually. wet blending is perfo:aned. 

Subsequently, after perfonning dehydration processing, the raw 

material powder is dried and calcining is performed at about 

1080 to 1250°C for about 2 to 4 hours. Next, after grinding a 
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calcining object, an organic binder is added, and further, 

water, a pH regulator. a moisturizer and etc. are added and 

mixed. Subsequently, a mixture is molded. and is sintered at 

about 1250-1400°C in a reducing atmosphere for about 2 to 4 

hours, after perfonning binder removal processing. for 

obtaining semiconductor ceramic. 

Each raw material powder such as Nb, Ta, Y, lanthanoids, 

Mo. W, Mn. Si, Co and the like may be added at the time of 

mixing after the calcining. 

The semiconductor ceramic obtained in this manner is 

given heat treatment (reoxidation processing) in an oxidizing 

atmosphere such as air, so that a suitable varistor voltage 

according to an object may be obtained. The temperature ri.se 

and fall speed in this reoxidation processing is usually at 

about 100°C/h to 600°C/b. In addition. the preferable 

temperature of this reoxidation processing is between 850°C and 

1050°C inclusive, or the more preferable temperature is between 

900°C and 1000°C inclusive. In addition, its preferable time is 

32 hours or less. and more preferable time is between 0.25 and 

16 hours inclusive. Furthennore, it is preferable that its 

partial pressure of an oxygen gas is 0.1 atmospheric pressure 

or more. 

The insulating layer lOb is formed on a surf ace portion 

by this reoxidation processing. Varistor characteristics appear 

owing to the presence of this insulating layer. Since the 

nonlinear coefficient a and varistor voltage become large if 
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this insulating layer is thick, and they become small if thin, 

what is necessary is just to select processing conditions so 

that the insulating layer may become suitable thickness 

according to the characteristics demanded as a product. 

Assuming that X-ray stress constant is -100 MPa/degree, 

it is preferable in this reoxidation processing according to 

this embodiment that the compressive stress on a surface of the 

varistor ceramic is 15 MPa or more. it 1s more preferable to be 

25 MPa or more. and it is still more preferable to be 40 MPa or 

more. 

Since the compressive stress exists on the ceramic 

surface, it is also possible not only to improve bending 

strength at the time of soldering, but also to obtain high 

thennal. shock-proof property preventing a crack from ari.sing 

even when temperature locally rises at the time of soldering. 

Electrodes 11 are fo:nned on one surface of the varistor 

ceramic after reoxidati.on processing with Cu or material mainl.y 

made of CU, and a varistor is obtained. The material mainly 

made of CU is the same as that in the first embodiment. 

In the second embodiment descri.bed above, although the 

electrodes are provided in one surface of varistor ceramic. an 

el.ectrode(s) may be provided in top and back faces or sides of 

the varistor ceramic. 

Hereafter, the present invention is described still in 

detail. according to examples according to the second embodiment. 

Example 2-1 
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What is perfonned in this example 2-1 is comparison of 

samples obtained by fixing other parameters such as a mole 

percent and a kind of a semiconductorizing agent, a total A/B 

ratio,, and a mole percent of Si02 , and changing mole ratios of 

an A site component. 

F.1.rst, after respectively weighing by conversion and 

blending SrC03 , Ba~. CaC03 , Ti02 , Nb0512 and SiO.z as raw material 

so that they might have the composition shown in Table 2-1. 

they were mixed for 10 to 20 hours with using an wet media m:l.11, 

dehydrated and dried. 

After calcining a mixture obtained, at 1150°C, the 

mixture was rough-ground, and again, dehydrated and dried after 

being mixed with a wet media mill for 10 to 20 hours. 

Subsequently, 1.0 to 1.5 wt% of polyvinyl alcohol was mixed to 

the mixture as an organic binder to be granulated, and the 

granulated mixture was fonned at fanning pressure of 2 t/crrf- to 

become a f onned object having an outer diameter of 12 nm, an 

inside diameter of 9 nm and thickness of 1. 0 11111. 

After perfonning the binder removal processing of this 

fo:cm:ing object at about 600°C in an air atmosphere, s.intering 

was perf onned for 2 hours at about l350°C in a reducing 

atmosphere of N2 (95 volume percent) + ~ (5 volume percent) for 

the semiconductor ceram1.c to be obtained. Subsequently, two­

hours reoxi.dation processing of the semiconductor ceramic was 

perf onned at 950°C .in the air for the varistor ceramic to be 

obtained. 
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Next, Cu paste was applied to one surface of the varistor 

ceramic 10 as shown in Figs. la and lb, in a neutral atmosphere, 

and the five Cu electrodes 11 shown in these figures were 

folllled by ba:king the Cu paste at 750°C to obtain test samples of 

the varistors for measuring. 

Then, after measuring the voltages E1 and E10 of each 

sample at 20°C, the nonlinear coefficient a was obtained from a 

= 1/log(E10/E1 ) with using the measured voltages E1 and E10 • 

Furthei:more, the temperature characteristic (temperature 

coefficient) of the varistor voltage E10 was obtained. 

Furthennore, while perfonning the thennal crack test of each 

sample, the residual compressive stress on a surface of each 

sample was measured. 

The voltages E1 and E10 were measured with using a 

measuring circuit shown in Fig. 3. In this measuring circuit, 

an anmeter 30 is connected in series between a varistor 31 and 

a DC constant current source 32, and a voltmeter 33 is 

connected in parallel w.ith the varistor 31. The voltages E1 and 

E10 were measured by measuring the voltage values between both 

tenninals of the varistor 31 when electric current of 1 mA and 

10 mA flows in the varistor 31 respective1y with using the 

anmeter 30 and the voltmeter 33. 

Temperature characteristics (temperature coefficient) 

A.E1ar of the varistor voltage Bio wei:e obtained with A.ElD'1' = 

{E10 (85) -E10 (20) }/{E10 (20) x (85 - 20) x 100} [%/°CJ about each 

sample. The voltages E10 (20) and E10 (85) are the varistor 
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voltages E10 at the temperature of 20°C and 85°C, respectively. 

These were measured with using a theDDOstat oven. 

The the:cma1 crack test was perf cmned by contacti.~g a 

solderi.ng iron, where temperature was set beforehand, to the 

electrode side of the sample left at the room temperature, for 

3 seconds with supplying eutectic solder. As temperature of the 

solderi.ng iron, three kinds of temperature, that is, 360°C, 

400°C and 450°C were used. Hundred samples were vi.sua1ly 

inspected for cracks with usi.ng alcohol. 

The residual compressive stress on the surface of each 

sample was measured with usi.ng a stress measuri.ng method by X­

ray diffraction. Since the perovskite structure which is a main 

phase of each sample belongs to a oubi.c system, the surface 

stress generated i.n the plane direction can be estimated, by X­

ray diffraction on the surface of the ceramic, from the ratio 

of a face gap of the perovskite i.n a directi.on perpendicular to 

the face and a face gap of the perovskite :in a direction 

parallel to the face. Here, stress measurement was perfo:r::med by 

a side gradient method with usi.ng a collimated beam generated 

by a er bulb. In addition, two times of rocking was added at 

the time of measurement. The diffraction line used for 

measurement was (310) that was near 134 degrees. 

The stress measuring method by such X-ray <liffraction is 

known. For example, it is described i.n detail :in B. D. Cullity 

(translated by Gentaro Matsumura), •New1y-ed1.ted summary of X­

ray diffraction". Agune Co., Ltd •• pp. 412-442, June, 1980, and 
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•x-ray diffraction handbook•. Rigaku Denki Co., Ltd., pp. 103-

105, Februa.:cy, 2000. 

A f onnula used when estimating the surf ace residual 

stress in this example was as follows: 

O' = E ·cotfJ ._!!_. A(28) = K. A(28) 
2(1+v) 0 

180 A(sin2 7/J) A(sin2 7/J) 

where, a is a residual stress (MPa), Eis a Young•s modulus 

(MPa), v is a Poisson rat1.o, and 60 is a standard Bragg angle 

(degree) (here. 60 = 134 (degrees) /2) . Further, 'l)1 1.s an angle 

(degree) between a nonna.1 to a surface of the sample and a 

measuring nonna.l, 26 is an angle of diffraction (degree), and K 

is a stress constant (MPa/degree} detennined by material and 

the angle of diffraction. 

The estimation of the residual stress can be obtained by 

finding its gradient with the method of least squares from the 

relat1.on of the angle of diffraction 26, wh1.ch is measured, to 

sin\p which can be obtained from the angle 'l)1 fo:aned by the 

nonnal. to the surface of the sample and the measuring nonna.1, 

and multi.plying the gradient by the stress constant K. 

In this example, 1.t 1.s assumed that the stress constant K 

= -100 MPa/degree. This is because, as apparent from the 

foDmlla described above, the value of the gradient found with 

the method of least squares from the measurement result is 

obtained can be used as it is, since the value of the stress 

can be free1y set according to the value of K. That is, this is 

because it is sufficient so long as a value of the gradient. 1.n 
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other words, an index expressing a grade of defoDllation from a 

cubic in a perovskite phase i.s given since an absolute value of 

the stress constant K is not important. 

The result in the example 2-1 is shown in Table 2-1. 
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Sample 
No. 

2· l 
2· 2 
2-3 
Z· 4. 
2•6 
2· 6 
2·7 
2·8 
2·9 
J•lO 
2·11 
2·12 
2-13 
2·14 
2·15 
2•18 
2·17 
2·18 
lN9 
2·20 
2·21 
2·.21 
2·23 
2-24 
2·26 
~l-26 
2·2'7 
2-28 
2-29 
2·30 
2·31 
2-32 

Sr mole: 
ratio 

al(a+b+i:) 

0.30 
o.ao 
0.36 
0.36 
0.35 
o.40 
MO 
O.JO 
0.10 
0.20. 
0.20 
0.20 
0.30 
0.40 
0.50 
1.00 
0.80 
0,50 
n.20 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.80 
0.60 
0.20 
0.60 
0.20 
0.40 
0.20 

Ba mole Ca tn0lo 
ratio ratio 

b/(a+b+c) d(a+b+c) 

0.35 036 
0.40 0.30 
0.30 0.36 
0.35 0.80 
MO o.2S 
0.30 0.30 
o.a& 0.26 
0.40 0.60 
o.50. 0.40 
0.30 a.so . 
0.40 MO 
0.50 0.30 
0.50 0.20 
0.40 0.20 
0.30 0.20 
0.00 o.oo 
0.20 0.00 
0.50 o.oo 
0.80 0.00 
1.00 0.00 
0.80 0.20 
0.60 O.AO 
0.40 0.60 
0.20 0.80 
0.00 LOO 
0.00 0.20 
0.00 0.50 
o.oo 0.80 
0.20 0.20 
0.60 uo 
0.20 0.40 
0.20 0.60 

Table2·1 

co-ition 
Compont Mole%o! 'lbtal s~ Component 

ntof aemieonrl A/8 mole ofadditiw 
eemicond ttctoriaing % 
uctorizing agent 

airent 
NbO ... 3.00 0.98 0.20 .None 
NbO.., 3.00 0.98 0.20 None 
NbO ... 3.00 0.98 0.20 None 
NbO .... 3.00 0.98 0.20 Nooo 
NbO ... 3.00 0.98 0.20 None 
mo ... 3.00 0,98 0.20 Noae 
NbO ... 3.00 0.98 0.20 None 
NbO ... 3.0(} 0.98 020 None 
mo ... 3.00 0.98 0.20 None 
NbO- 3.00 . 0.98 0.20 None 
NbO.,. 3.00 0.98 0.20 None 
NbO •• 3.00 0.98 0.20 None 
NbO... 3.00 0.98 0.20 None 
NbO ... 3.00 0.98 0.20 None 
NbOMI 8.00 0.98 0.20 None 
NbO.,. 3.00 0.98 0.20 None 
Nb0111 3.00 0.98 0.20 None 
NhO ... 3.00 0.98 0.20 No.ne 
NbO .... &no o.• 0.20 None 
NbO ... 3.00 0.98 0.20 Nnne 
NbQ ... 3.00 0.98 0.20 None 
NbO~ 3.00 0.98 0.20 None 
NbO.,. 3.00 0.98 0.20 None 
NbO ... 3.00 0.93 0.20 NoM 
NbOM! 3..00 0.98 0.20 None 
NbOMI 3.00 0.98 0.20 None 
NbO,.. 3.00 0.98 0.20 None 
NbO ... 3.00 0.93 0.20 None 
NbO ... 3.00 0.98 0.20 Nooe 
NbO ... aoo 0.98 0.20 None 
NbO.,. 3.00 0.98 0..20 None 
NbO ... 3.00 0.98 0.20 None 

Electrical Characteristics Me11banieal Characteriatica 
E10 Thermal Cnaok '.leet Residual 

Eio 11 Temperature (Soldering Iron Tamperature Compnaaive 
M Cbaract.er:iatic& •C) Stresa (Mpa) 

AE1ar (%/"C} sao•c 400'C 460'C 

15.8 3.7 0.01 Good Good Good. 44 
12.9 3.6 0.02 Good Good Good. 44 
ltU 4.0 0.00 Good Good Good « 
11.5 3.4 0.01 ('.-,I Good l'......t 45 
11.8 3.5 0.02 <lood Good Good 46 
11.8 3.7 0.00 Good Good. Good 45 
10.9 3.S 0.01 0-.I Good Good 45 
39.9 a.9 0.03 Good Good No Good 29 
20.1 3.6 0.04 Gaod Good No Good 31 
33.5 4.2 O.OJ Good Good No Good 35 
.2o.6 3.8 0.03 Good Good Good 43 
15.7 3.4 0.04 Good. Good l"'..-.1 (1 

11.0 2.8 0.04 Good Good Good 42 
10.8 2..8 0.02 Good. Good Good 42 
10.0 2.'T -0.01 Good Good. Good 40 
4.3 2,9 -0.50 Good. Good. No Good 35 
4.S s.o -0.08 Good Good No Good 36 
8.0 3.1 0.15 Good. Good Non<WI so 
%.Z 2.3 0.'11 Good Good No Good 25 
0.4 1.6 1.20 Good No Good Naf'.nnd 28 
4.6 2.6 0.28 ("......d No Good Non....d 22 

18.4 8.4. 0.10 Good No Good. No Good 22 
74.0 S.l o.oe Good No Good No Good 16 
187.0 2.7 0.01 No Good. No Good No Good 12 

Isolated. - - No Good No Good No Good 10 
188.0 2.4 -0.115 Good Good No Good 31 
39.& 4.4 -0.08 Good NoGood No Good 24 
9.1 3.5 -0.01 Goocl No Good No Good 1'7 
9..2 s.s -0.07 Good Good Good. 43 
9.9 3.2 0.11 Good Good No Good 39 

!2.0 4.1 -0.03 Good Good Good 43 
47.1 2.8 0.00 Good Good No Goad 31 



-- --=---~-----

As for the notation of composi.tion, the content of SrO is 

expressed as a moles, the content of Bao is b moles, the 

content of CaO is c moles, the content of Ti02 is d moles, the 

content of Nb0512 is f moles, and the content of Si02 i.s g moles. 

The composition was fixed as f/d x 100 = 3.00, g/d x 100 = 0.2, 

and (a + b + c)/(d + f) = 0.98. 

Mole ratios of the A site component largely affect the 

electrical characteristics of a vari.stor, and in particular, 

the temperature characteristic of the varistor voltage E10 • 

In the samples 2-1 to 2-23, and 2-26 to 2-32 except for 

the samples 2-24 and 2-25 (the mole ratios of the A site 

component are a/{a + b + c) = o.oo, b/{a + b + c) = 0.20, c/{a 

+ b + c} = 0.80, and a/(a + b + c) = 0.00, b/(a + b + c) = 0.00, 

and c/ (a + b + c) = 1. 00) , a thermal crack did not arise in the 

test where the temperature of a soldering iron was 360°C. At 

this time, residual compressive stress in the composition 

ranges of the samples 2-1 to 2-23 and 2-26 to 2-32 where a 

therma1 crack did not arise was 15 MPa or more without 

exception. 

Therefore, ranges where values of the first range which 

is the composition range of the samples 2-1 to 2-23 and 2-26 to 

2-32, i.e., a/(a + b + c), b/(a + b + c) and c/(a + b + c) in 

the trilinear coordinates shown in Fig. 4 exist on a line 

segment connecting a point (0.2, o.o, 0.8) corresponding to the 

sample 2-28 and a point {O.O, 0.4, 0.6) corresponding to the 

sample 2-23, or a/(a + b + c) and b/(a + b + c) become larger 
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than this line segment are preferable ranges in the present 

invention. These correspond to the A site mole ratios specified 

in claims 15 and 32. In addition, since a thermal crack did not 

arise in the test where the temperature of the soldering iron 

was 360°C if the residual compressive stress was 15 MPa or more, 

this range is also a preferable range in the present invention. 

Thi.s corresponds to the resi.dual compressive stress specified 

in cl.aims 12 and 24. 

In other samples 2-1 to 2-19, 2-26 and 2-29 to 2-32 

except for the samples 2-20 to 2-25, 2-27 and 2-28, a the:cma.l 

crack di.d not arise in the test where the temperature of the 

soldering iron was 400°C. At this time, residual compressive 

stress in the composition ranges of the samples 2-1 to 2-19, 2-

26 and 2-29 to 2-32 where no thermal crack arose was 25 MPa or 

more without exception. 

Hence, ranges where values of the second range whi.ch is 

the composition range of the samples 2-1 to 2-19, 2-26 and 2-29 

to 2-32, i.e., a/(a + b + c), b/(a + b + c) and c/(a + b + c) 

.in the tri.linear coordinates shown in Fig. 4 exist on a first 

line segment connecting a point (0.5, o.o, 0.5) corresponding 

to the sample 2-27 and a point {0.2, 0.2 .. 0.6) corresponding to 

the sample 2-37, a second line segment connecting thi.s po:i.nt 

(0.2, 0.2, 0.6) and a point (O.l, 0.4, 0.5) corresponding to 

the sample 2-8, a third 1ine segment connecting th:l.s poi.nt (O.l, 

0.4, 0.5} and a point (O.l, o.s, 0.4) corresponding to the 

sample 2-9, or a fourth line segment connecting th:ls point (0.1. 
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0.5, 0.4) and a point (0.2, 0.8, O.O) corresponding to the 

sample 2-19, or a/(a + b + c) becomes larger than these first 

to fourth line segments, which do not include a point (0.5, 0.0, 

0.5) corresponding to the sample 2-27 are more preferable 

ranges in the present invention. These correspond to A site 

mole ratios specified in claims 16 and 33. In addition, since a 

thennal crack did not arise in the test, where the temperature 

of the soldering iron was 400°C, so long as residual compressive 

stress is 25 MPa or more. These ranges are also more preferable 

ranges in the present invention. These correspond to the 

residual compressive stress specified in claims 13 and 25. 

In other samples 2-1 to 2-7, 2-11 to 2-15, 2-29 and 2-31 

except for the samples 2-8 to 2-10, 2-16 to 2-28, 2-30 and 2-32, 

a thei:mal. crack did not arise in the test where the temperature 

of the soldering iron was 450°C. At this time, residual 

compressive stress in the composition ranges of the samples 2-1 

to 2-7, 2-11 to 2-15, 2-29 and 2-31 where a thenna.l. crack did 

not arise was 40 MPa or more without exception. 

Therefore, ranges where values of the third range which 

is a composition range of the samples 2-1 to 2-7. 2-11 to 2-15, 

2-29 and 2-31, i.e •• a/(a + b + c), b/(a + b + c) and c/(a + b 

+ c) in the trilinear coordinates shown in Fig. 4, exist on a 

fifth line segment connecting a point (0.4, 0.2. 0.4) 

corresponding to the sample 2-31 and a point (0.2, 0.4, 0.4) 

corresponding to the sample 2-11, a sixth line segment 

connecting this point (0.2, 0.4, 0.4) and a point (0.2, 0.5, 

73 



0.3) corresponding to the sample 2-12, a seventh line segment 

connecting this point (0.2, 0.5, 0.3) and a point (0.3, 0.5, 

0.2) corresponding to the sample 2-13, an eighth line segment 

connecting this point (0.3, 0.5, 0.2) and a point (0.6, 0.2, 

0.2) corresponding to the sample 2-29, or a ninth line segment 

connecting this point (0.6, 0.2, 0.2) and a point (0.4, 0.2, 

0.4) corresponding to the sample 2-31,, or a range surrounded by 

these fifth to ninth 1ine segments is still more preferable 

ranges in the present invention. These correspond to A site 

mole ratios specified in claims 17 and 34. In addition, since a 

thennal. crack did not arise in the test where the temperature 

of the soldering iron was 450°C if the residual compressive 

stress was 40 MPa or more, this range i.s also a sti.11 more 

. preferable range in the present invention. This corresponds to 

the resi.dual compressive stress specified in claims 14 and 26. 

Exanu;>le 2-2 

What i.s perfonned in this example 2-2 is compari.son of 

samples obtained by changing an amount of a semiconductorizing 

agent. 

With fixing other parameters such as A site mole ratios, .. 
a kind of a semiconductori.zing agent, a total A/B, and a mole 

percent of Si.02 , and perfonning the same setup as that in the 

example 2-1 except for changing the mole percent of the 

semiconductori.zing agent as shown in Table 2-2, samples were 

produced, which were measured similarly to· those in the example 

2-1. However, the temperature cbaracteri.sti.c of the varistor 
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voltage E10 was not measured. The result is shown in Table 2-2. 
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Table 2·2 

Composition Electrical Mechanical Charaeteristica 
Characteristics 

Sample Sr mole Ba mole Ca.mole Compone Mole%of 'IOtal SiOi Component Thennal Crack 'Thst Residual 
No. ratio ratio ratio ntof semieoAd. A/B mol of additive E10 a (Soldering Iron Temperature Compressive 

aJ(a+b+c) b/{a+b+c) c/(a+b+c) semicond uctor.izing e% M oc) Stress (Mpa) 
uctorizing agent 360•0 400"C 41SO °C 

airent 

I~ 
2•83 0.35 0.36 0.80 NbO .... 0.10· 0_98 0.20 None 30.2 3.1 No Good No Good No Good 14 
SMJ4 0.35 0.35 0.30 NbOM 0.75 o_gs 0.20 None 16.7 3.3 Good Good Good 40 
2·35 0.35 0.35 0.30 Nb01119 1.00 0.98 0.20 None 1$.5 3.4 Good Good Good 4& 
2-36 0.35 0.35 0.30 NbO..., 2.00 0.98 0.20 None 12.4 3.4 Good Good Good 4G 
2- 4 0.35 0.35 0.80 NbO ... 3.00 0.98 0.20 None 11.5 3.4 Good Good Good 40 i 
2·87 0.35 0.35 0.30 NbO .... 4.00 0.98 0.20 None 12.1 3.5 Goocl Good Good 41 
2·38 0.35 0.35 0.30 NbQM 10.00 0.98 0.20 None 11.5 8.6 Good No Good No Good 24 
2·39 0.35 0.36 0.30 NbO ..... 15.00 0.98 0.20 None 14.3 3.3 No Good No Good No Good 11 

~ 

If 



As for the notation of composition, the content of S:rO is 

expressed as a moles, the content of Bao is b moles, the 

content of Cao is c moles, the content of Ti02 is d moles, the 

qontent of Nb0512 is f moles, and the content of Si02 is g moles. 

The composition was fixed as a/{a + b + c) = 0.35, b/{a + b + 

c) = 0.35, c/{a + b + c) = 0.30, g/d x 100 = 0.2, and (a + b + 

c)/(d + f) = 0.98, but f/d x 100 is changed. 

The amount of a semiconductorizing agent affects the 

thex:mal crack-proof property of varistor ceramic. In other 

samples 2-4 and 2-34 to 2-38 except for the samples 2-33 and 2-

39 where the amount of the sem:Lcond.uctorizing agent was too 

much and too few, a thennal crack did not arise in the test 

where the temperature of the soldering iron was 360°C. At tbi.s 

time, residual compressive stress in the composition ranges of 

the samples 2-4 and 2-34 to 2-38 where a thennal crack did not 

arise was 24 MPa or more without exception. 

Therefore, the mole percent range of 0.75 :s: £/d x 100 :s: 

10.00 in the samples 2-4 and 2-34 to 2-38 is a preferable range 

in the present invention. This corresponds to the amount of a 

semiconductorizing agent spec.ified in claims 15 and 32. In 

addition, since a theDDa.1 crack did not arise in the test where 

the temperature of the soldering iron was 360°C if the residual 

compressive stress was 15 MPa or more, this range is also a 

preferable range in the present invention. 'l'bi.s corresponds to 

the residual compressive stress specified in claims 12 and 24. 

In other samples 2-4 and 2-34 to 2-37 except for the 

77 



samples 2-33, 2-38 and 2-39, a the:cna.l crack did not arise in 

the tests where the temperature of the soldering iron was 400°C 

and 450°C. At this time, residual compressive stress in the 

composition ranges of the samples 2-4 and 2-34 to 2-37 where a 

thermal crack did not arise was 40 MPa or more without 

exception. 

Therefore, the mole percent range of 0.75 s f/d x 100 s 

4.00 in the samples 2-4, and 2-34 to 2-37 is a more preferable 
I 

range in the present invention. This corresponds to the amount 

of a semiconductorizing agent specifi.ed in claims 19 and 36. In 

addition, since a thennal crack did not arise in the tests 

where the temperature of the soldering iron was 400°C and 450°C 

if the residual compressive stress was 40 MPa or more, this 

range is also a more preferable range in the present invention. 

This corresponds to the residual compressi.ve stress specified 

in claims 14 and 26. 

Example 2-3 

What is perfonned in this example 2-3 is comparison of 

sampl.es where a kind of semiconductorizing agent was changed. 

With fixing other parameters such as A site mol.e ratios, mole 

percents of semiconductorizing agents, a total A/B, and a mole 

percent of Si02 , and perfo:aning the same setup as that in the 

example 2-1 except for changing the kinds of semiconductorizing 

agents as shown in Table 2-3, samples were produced, which were 

measured sim11arly to those in the example 2-1. However, the 

temperature characteristic of the varistor voltage E10 was not 
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measured. The result is shown in Table 2-3. 
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00 
0 

Sample 
No. 

2-4 
.2·40 
.2·41 
.2·42 
.2·48 
.2·44 
2·45 

. 2·48 
2·47 
2·48 
2·49 
2·50 
~ISl 
2·62 
2·58 
2·54: 
2·65 

2·66 

Sr mole 
ratio 

at<a+l>+c) 

0.85 
O.SG 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.86 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.36 

0.35 

Ba mole Ca mole 
ratio ratio 

b/Ca+b+c) c/(a+b+c) 

0.35" 0.30 
0.85 0.30 
0.35 0.30 
0.35 0.30. 
0.3& 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.!:10 
.0.35 o.ao 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.80 
0.35 0.30 
0.35 0.30 
0.35 0.80 

0.36 0.30 

Table 2·3 

Composition 

Comp one Mole%of 'Thtal 
ntof aemicond .AJB 

semi.cond uctorizing 
uctorizing agent 

airent 
Nb..Q,. 3.00 0.98 
'fa11011 s.oo 0.98 
Y.OA a.oo 0.98 
I.a..o. 3.00 0.98 
eeo .. 3.00 0.98 

Pr110n a.oo 0.98 
Nd.Oa a.oo 0.98 
Sm.O,. 3.00 0.98 
Eu .. o .. a.oo 0.98. 
Gd.O .. 3.00 0.98 
Tb .. O., 3.00 0.98' 
nv.o .. a.oo 0.98 
Hn..0,. 3.00 0.98 
Er .. O,, 3.00 0.98 
~Q,. s.oo 0.98 
Yb~o~ a.oo 0.98 
Lu.O,. 8.00 0.98 
Nb.0& 
+Ya011 3.00 0.98 
Equal 

numbe%s 
of moles 

Electrical Mechanical Characteristics 
Characteristics 

Si Os Component Thonnal Oracle Test Residual 
mole of additive ~ (I <soldering Iron Temperature Compressive 

% •c) Strese (Mpa) 
· 360°C 400°C 450°0 

0.20 None 11.5 3.4 Good Good Good 45 

~ 
0.20 None 15.4 S.4 Good Good Good 41 
0.20 None 26.6 3.7 Good Good Good 45 
0.20 None 15.1 8.9 Good Good No Good 37 
0.20 None 14.9 8.5 Good Good No Good 38 
0.20 None 16..2 3.6 Good Good Good 41 
0.20 None 16.8 8.7 Good Good Good 41 
0.20 None 14.8 3.5 Good . Good Good 40 
0.20 None .19.0 8.8 Good Good Good 41 
0..20 None 16.2 8.6 Good Good Good 40 
0.20 None 21.3 3.8 Good Good No Good 87 
0.20 None 18.3 3.5 Good Good Good 41 
0.20 None 25.4 3.6 Good Good Good 41 
0.20 None 27.9 4.0 Good Good Good 40 
0.20 None 24.l 8.9 Good Good Good 41 
0.20 None 29.2 3.9 Good Good Good 40 
0.20 N0J1e 28.2 4.1 Good Good No Good 88 

0.2(} None 22.0 4.0 Good Good Good 45 



As for the notation of composition, the content of S:cO is 

expressed as a moles, the content of Bao is b moles, the 

content of CaO is c moles, the content of TiOa is d moles. the 

content of Y0312 , LaQ312 , ce02, PrOll/6 , Nd0,,12, Sm0312 • Eu0312 , ~12 , 

Tb0714• ~12• Ho0312• E~12• ~. ~12• Lu03/2 or Nb0s12 + Y~12 

{equal numbers of moles) is e moles, the content of TaQ512 or 

Nb0512 is f moles, and the content of Si02 is g moles. The 

composition was fixed as a/{a + b + c) = 0.35, b/{a + b + c) = 

0.35, c/(a + b + c) = 0.30, (e + f)/d x 100 = 3.00, g/d x 100 = 
0.2, and (a + b + c + e)/(d + f) = 0.98. 

Since a thennal crack di.d not arise in the tests where 

the temperature of the soldering iron was 360°C and 400°C in all 

the samples 2-4 and 2-40 to 2-56, it is preferable in the 

present invention to use Nb0512 , TaC>s12 , Y0312 , La0312 • Ce02, P:cOJ.116• 

Nd0312, ~12, Eu~12, Gd.0312 • Tb011• • Dy0312 • Ho0312, E~12, 'nn0312, Yb0312 • 

LU0312 or Nb0512 + Y0312 (equal numbers of moles) as a 

sem1.conductorizing agent. At this time, residual compressive 

stress in the composition ranges of the samples 2-4 and 2-40 to 

2-56 where a thermal crack did not arise was 37 MPa or more 

without exception. 

Example 2-4 

What is performed in this example 2-4 is comparison of 

samples obtained by changing a total A/B. 

With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of semiconductori.zing agent, and a 

mole percent ·of S.1.02 , and perfonning the same setup as that in 
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the example 2-1 except for changing the total A/B as shown in 

Table 2-4, samples were produced, which were measured simi.larly 

to those in· the example 2-1. However, the temperature 

characteristic of the varistor voltage E10 was not measured. The 

result is shown in Table 2-4. 
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Sample 
No. 

2·67 
z·ss 
2•59 
2· 4 
2-60 
2-61 
2-62 
2·68 

Sr mole 
ratio 

a/(a+b+e) 

0.35 
0.36 
0.35 
0.85 
0.85 
0.85 
0.35 
0.35 

Ba mole Ca.mole 
ratio ratio 

b/(a+b+~ cl(a+b+c) 

0.35 0.30 
o.as 0.80 
0.36 0.30 
0.36 0.30 
0.35 0.30 
0.35 0.30 
0.36 0.30 

; 0.33. 0.30 

Table 2·4 

Composition 

Compo.ne Mole%of Total SiOs 
ntof eemicond A/B mole 

semicond uctorizing % 
w:tori»ing agent 

a.ment 
NbOe 3.00 0.80 0.20 
NbOu. s.oo 0.84 0 . .20 
NbO.. .. 3.00 0.96 0.20 
NbO .... 3.00 0.98 0.20 
.NbO ... 3.00 1.00 0.20 
NbO- 3.00 1.01 0.20 
NbOc .. 3.00 1.16 0.20 
Nb011.2 8.00 l..20 0.20 

E1ectrical 
Characteristics 

Component 
of additive Eio a. 

(V) 

None Isolated -
None 4.4 2.6 
None 7.0 . 3.1 
None 11.5 3.4 
None 9.6 3.8 
None 6.3 3.0 
None 51.5 3.2 
None Isolated..·: -

Mechanical Characteristics 

Thennal Crack Test Residual 
<soldering Iron TemperatUl'e Compressive 

•C) Stress 
S60°C 400°C 450°0 (Mpa) 

No Good. No Good No Good 5 
Good No Good No Good 24 
Good Good Good 45 
Good Good Good 45 
Good Good Good .46 
Good Good Good 41 
Good No Good No Good 21 

No Good No Good No Good 4 

! 
I 
I 

I 
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As for the notation of composition, the content of sro is 

expressed as a moles, the content of BaO is b moles, the 

content of Cao is c moles, the content of Ti02 is d moles, the 

content of Nb0512 is f moles, and the content of Si02 i.s g moles.· 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, and g/d x 

100 = 0.2, but (a + b + c)/(d + f) is changed. 

In other samples 2-4 and 2-58 to 2-62 except for the 

samples 2-57 and 2-63. a thennal. crack did not arise in the 

test where the temperature of the soldering iron was 360°C. At 

thi.s time, residual compressive stress in the compositi.on 

ranges of the samples 2-4 and 2-58 to 2-62 where a thennal. 

crack did not ari.se was more than 21 MPa without exception. 

Therefore. the value range of 0.84 ~ (a + b + c)/(d + f) 

:s; 1.16 in the samples 2-4 and 2-58 to 2-62 is a preferable 

range in the present invention. This corresponds to the total 

A/B specified in claims 15 and 32. In addition, since a the:cmal 

crack di.d not arise in the test where the temperature of the 

soldering iron was 360°C if the residual compressive stress was 

15 MPa or more, this range is also a preferable range in the 

present i.nvention. This corresponds to the residual compressive 

stress specified in claims 12 and 24. 

In other samples 2-4 and 2-59 to 2-61 except for the 

samples 2-57, 2-58, 2-62 and 2-63, a thenna.1 crack di.d not 

arise in the tests where the temperature of the soldering iron 

was 400°C and 450°C. At this time, residual compressive stress 
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in the composition ranges of the samples 2-4 and 2-59 to 2-61 

where a thermal crack did not arise was more than 40 MPa 

without exception. 

Therefore, the value range of 0.96 :!!: (a + b + c)/(d + f) 

:!!: 1.01 in the samples 2-4 and 2-59 to 2-61 is a more preferable 

range in the present invention. Thi.s corresponds to the total 

A/B specified in claims 18 and 35. In addition, since a the.nnal. 

crack did not arise in the tests where the temperature of the 

soldering iron was 400°C and 450°C if the residUal compressive 

stress was 40 MPa or more, this range is also a more preferable 

range in the present invention. Thi.s corresponds to the 

residual compressive stress specified in claims 14 and 26. 

As seen from Table 2-4, in a range where· there is a small 

amount of Si02 and a large amount of semiconductorizing agent is 

added, in order to maintain the thermal. crack-proof property, 

it bec6mes indispensable in particular to control an upper 

limit of the total A/B. If the total A/B exceeds 1.16, a 

thermal crack starts arising at 360°C. If the total A/B exceeds 

1.01. a thermal crack starts arising at 400°C. 

Exarqple 2-5 

What is perfcmned in this example 2-5 is compari.son of 

samples obtained by changing a mole percent of Si.02 • 

Wi.th fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductoriz:i.ng agent, and a 

total A/B. and perfo.oning the same setup as that in the exanple 

2-1 except for changing the mole percent of Si.02 as shown in 
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Table 2-5, samples were produced, which were measured similarly 

to those in the example 2-1. However. the temperature 

characteristic of the varistor voltage E10 was not measured. The 

result is shown in Table 2-5. 
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Table 2-5 

Composition 
Sample 

No. Sr mole Ba:mole Ca mole Compone Mole%nf Total SiOa 
ratio ratio :ratio ntof semic:ond AIB mole 

a!Ca+b+c) b/(a+b+c) c/(a+b+c) aemicond ucto:rizing % 
uetoriziq agent 

annt 
2·64 0.35 0.35 0.30 NbO,.,. 3.00 0.98 0.00 
2"65 0.36 0.35 0.30 NbOm 3.00 0.98 0.10 
2·4 0.35 0.31S 0.30 NbO ... 3.00 0.98 0.20 
2·~6 Q,35 0.35 o.ao NbO..,. 3.00 0.98 0.80 
2·67 0.36 0.85 0.30 NbO.,., 3.00 0.98 0.60 
2·68 0.35 0.35 0.30 NbO ... 3.00 0.98 1.00 
2·69 0.31li 0.35 0.30 NbOIU!I 3.00 0.98 1.60 

~ 

Electrical 
Characteristics 

Component 
of additive Eio « 

(V) 

None 7.7 3.3 
None 8.5 3.4 
None IUS 8.4 
Nono 13.7 3.6 
None 10.4 8.4 
None 337.0 2.9 
None leolat.ed. -

Mechanical Characteristics 

Thermal Crack Tust Rosi.dual 
(Soldering Iron Temperature Compressive 

•C) Stress 
360°C 400'C 45o•c (Mpa) 

Good Good Good 40 
Good Good Good 48 
Good Good Good 45 
Good Good. Good 45 
Good Good No Good 82 

No Good No Good No Good 10 
No Good No Good No Good 6 

I 
I 
j 
1 
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As for the notation of composition, the content of SrO is 

expressed as a moles, the content of BaO is b moles, the 

content of Cao is c moles, the content of Ti02 is d moles, the 

content of Nb0512 is f moles, and the content of Si02 is g moles. 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, and (a + b + 

c)/(d + f)=0.98, but g/d x 100 was changed. 

Si02 is added as a sintering additive. If this is 

contained, it becomes possible to perfonn stable sintering even 

if composition fluctuates, but, if its amount increases, it 

becomes easy for a thennal crack to arise. 

Since a thenna.1 crack a1so arose in the test where the 

temperature of the soldering iron was 360°C, because there was 

too much Si02 , the samples 2-68 and 2-69 are not preferable. 

Therefore, the samples 2-4 and 2-64 to-2-67 where a thenna.1 

crack di.d not arise in the test where the temperature of the 

soldering iron was 360°C and 400°C are preferable in the present 

invention. This corresponds to the mole percent of SiOa 

specified in claims 15 and 32. At this time, residual 

compressive stress in the composition ranges of the samples 2-4 

and 2-64 to 2-67 where a thennal. crack did not arise was 32 MPa 

or more without exception. Although a dosage of Si02 in the 

sample 2-64 is zero nominally, in fact, Si02 is contained in 

each raw material as an impurity, and hence SiOa content of the 

sample 2-64 does not become zero. 

A thellnal crack arose in the sample 2-67 in the test 
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where the temperature of the soldering iron was 450°C. Thus, 

the samples 2-4 and 2-64 to 2-66 where a thennal crack did not 

also arise in the test at the temperature of the soldering iron 

of 450°C are more preferable in the present invention. This 

corresponds to the mole percent of Si02 specified in claims 20 

and 37. In addition, since a thennal crack did not arise in the 

test where the temperature of the so1der:ing iron was 450°C if 

the residual compressive stress was 40 MPa or more, this range 

is also a more preferable range in the present invention. This 

corresponds to the residual. compressive stress specif1.ed in 

claims 14 and 26. The mole percent of Si02 near that of the 

sample 2-4 is most preferable in the present invention. 

Exauq;>le 2-6 

What is perfo:aned in this example 2-6 is comparison of 

samples where a kind and an amount of an additive were changed. 

· With fixing other parameters such as A site mole rati.os, 

a mole percent and a kind of a semiconductorizing agent, a 

total A/B, and a mole percent of Si02 , and perfo.x:ming the same 

setup as that in the example 2-1 except for changing the kind 

and amount of the additive as shown in Table 2-6, samples were 

produced, which were measured similarly to those in the example 

2-1. However, the temperature characteristic of the varistor 

voltage E10 was not measured. The result is shown in Table 2-6. 
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Sample 
No. 

2·70 
2·11 
2·72 
2·73 
2·74 
2•7S 
2·76 
2 .. 1"1 
2·78 
2-79 
2·80 

Sr mole 
ratio 

a/(a+b+c) 

0.35 
0.35 
0.36 
0.85 
0..35 
0.35 
0.35 
0.31S 
0.35 
0.36 
0.36 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/(a+b+e) 

0.35 o.ao 
0.35 0.80 
0.35 0.30 
0.35 o.ao 
0.35 o.so 
0.35 0.30 
o.35 0.30 
o.a& o.ao 
a.as o.ao 
0.36 o.ao 
O.SIS 0.30 

'l\\ble2·6 

Composition 

Com.pone Mole%of Total SiO• Component 
nhf eeinieond AID mole of additive 

eemicond uctoriziltg % 
uctorizing agent 

avent 
mo ... 3.00 0.98 0.%0 .MnO 
NbO ... 8.00 0.98 0.20 Moo 
NbO .... 3.00 0.98 0.20 MnO 
NbO •• 3.00 0.98 0.20 MnO 
NbOw 8.00 0.98 0.20 MnO 
NbO ... 3.00 0.98 0.20 eoo ... 
NbO- 3.00 0.98 0.20 eoo ... 
NbO.,. 3.00 0.98 0.20 CoO.,,. 

.Nb01111 3.00 0.98 o.zo eoo.,. 
NbO ... 3.00 0.98 0.20 MoO. 
NbO .... 3.00 0.98 0.20 WO. 

~ 

Electrical Mechanical Charactcristica 
Chatacteristl.c1 

Mole%of Thermal Orllok ~st Residual 
additive E,, Q <soldering Iron 'Thmperature CompftSSive 

M OC) Stress 
36Q•C 400°C 450°C (Mpa) 

0.01 15.6 4.0 Good Good Good 45 
0.03 16.0 4.1 Good Good Good 43 
0.60 19.6 4.2 Good Good Good 40 
1.00 28.3' 4.4 Good Good No Good 29 
2.00 Isolated - No Good NoOood No Good 11 
0.01 18.l 3,4 Good Good NoGoacl 40 
0.50 22.l 3.7 Good Good Good 44 
1.00 28.S 3.7 Good. Good No Good 32 
.Z.00 Isolated - No Good NoGoocl NoGaod. 13 
Q_g() 12.0 3.6 Good Good No Good 34 
O.!O 11.8 u Good Good No Good 39 



As for the notation of composition, the content of S:rO is 

expressed as a moles, the content of Bao is b moles, the 

content of cao is c moles, the content of Ti<lz is d moles, the 

content of Nb0512 i.s f moles, the content of Si02 is g moles, and 

the content of an additive i.s h moles. The composi.tion was 

fixed as a/(a + b + c) = 0.35, b/(a + b + c) = 0.35, c/(a + b + 

c) = 0.30, f/d x 100 = 3.00, (a + b + c}/(d + f) = 0.98, and 

g/d x 100 = 0.20, but h/d x 100 was changed. 

An additive has the action of adjusti.ng electrical 

characterist1.cs such as the varistor voltage E10 and the 

nonlinear coeffic1.ent a. Mn enlarges the varistor voltage E10 

and the nonlinear coefficient a, and Co enlarges varistor 

voltage E10 • In addition, it is found that Mo and W have the 

action of enlarging the nonlinear coefficient a. Although not 

shown in Table 2-6, it is found that Li, Na, Ni, Cu, Zn, Sc, Fe, 

Ga and In also have the same acti.on. 

Since the samples 2-74 and 2-78 had a too large amount of 

dosage, the degree of si.ntering was blocked and the ceramic was 

insulated by the reox1.d.ation processing. In other samples 2-70 

to 2-73, 2-75 to 2-77 and 2-79 to 2-80 except for the samples 

2-74 and 2-78, a thenna.l crack did not arise m the tests where 

the temperature of the soldering 1.ron was 360°C and 400°C. At 

this time, residual compressive stress in the composition 

ranges of the samples 2-70 to 2-73, 2-75 to 2-77 and 2-79 to 2-

80 where a thennal. crack did not arise was 29 MPa or more 

without exception. 
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Therefore, the samples 2-70 to 2-73, 2-75 to 2-77 and 2-

79 to 2-80 each having the mole percent to a principal 

canponent that is 1.00 or less are preferable in the present 

invention. This is included in the kind and mole percent of an 

additi,ve specified in claims 21 and 38. 

Exarqple 2-7 

What is perfoDDed in this example 2-7 is comparison of 

samples obtained by changing a temperature among reoxidation 

processing conditions. 

With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductoriz1.ng agent, a 

total A/B, and a mole percent of Si02 , and perfolllling the same 

setup as that in the example 2-1 except for changing 

reoxidation processing conditions as shown in Table 2-7, 

samples were produced, which were measured similarly to those 

in the example 2-1. However, the temperature oharacteri.sti.c of 

the varistor voltage E10 was not measured. The result is shown 

in Table 2-7. 
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Sample 
No. 

2·81 

2•82 
2·83 
2·84 
2- 4 
2·85 
2-86 
2"87 . 
2·88 

Reoxidation Processing 
Conditions 

Temper Time Partial 
ature (h) Pressure 
(oC) of 

Oxygen 
(atm.) 

700 2 0.2 

800 2 0.2 
850 2 0.2 
$00 2 0.2 
950 2 0.2 

1000 2 0.2 
··.1050 2 0.2 

1100 2 0.2 
1200 2 0.2 

Table 2·7 

Electrical Mechanical Characteristics 
Characteristics 

Thermal Crack 'Thst Residual 
Eio (l (Soldering Iron 'Thmperature Compressive 
M oc) Stress 

360°C 400°C 450°0 (M:pa) 

Lessthan · No Good No Good No Good 9 
Measurine: Limit 

2.5 2.71 No Good No Good No Good 14 
4.0 2.83 Good No Good No Good 31 
9.8 8.35 Good Good Good 41 

11.5 3.40 Good Good Good 45 
14.5 3.42 Good Good Good 40 
39.0 8.35 .Good No Good No Good 20 
121.8 2.68 No Good No Good No Good 10 

Not No Good No Good No Good 2 
Semiconductorize 

d 
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As for the notation of composition, the content of S:rO is 

expressed as a moles, the content of BaO is b moles, the 

content of cao is c moles, the content of Ti02 is d moles, the 

content of Nbe>s12 is f moles, and the content of SiCi is g moles. 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, (a + b + 

c)/(d + f) = 0.98, and g/d x 100 = 0.20. 

Conditions at the producing samples were that time of the 

reoxidation processing was 2 hours, and that the processing was 

performed in the air (the partial pressure of oxygen was 0.2 

atmospheric pressure). 

The varistor voltage E10 changed broadly with the increase 

of temperature in the reoxidation processing. 

In other samples 2-4 and 2-83 to 2-86 except for the 

samples 2-81, 2-82, 2-87 and 2-88, a the.nna.1 crack did not 

arise in the tests where the temperature of the soldering iron 

was 360°C. At tbis time, residual compressive stress in the 

composition ranges of the samples where a theDna1 crack did not 

ari.se was 20 MPa or more without exception. 

Therefore, the samples 2-4 and 2-83 to 2-86 where 

temperature in the reoxidation processing was 850°C to 1050°C 

are preferable in the present invention. This corresponds to 

claim 27. In additi.on, since a thennal crack did not arise in 

the test where the temperature of the soldering iron was 360°C 

if the residual compressive stress was 15 MPa or more, this 

range can also be called a preferable range in the present 
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invention. This corresponds to the res1.dua1 compressi.ve stress 

specifi.ed in claims 12 and 24. 

In the samples 2-4. 2-84 and 2-85, a thenna.1 crack di.d 

not arise in the tests where the temperature of the solderi.ng 

i.ron was 400°C and 450°C. At this time, residual compressi.ve 

stress i.n the composition ranges of the samples where a theDnal 

crack di.d not arise was 40 MPa or more without exception. 

Therefore, the samples 2-4, 2-84 and 2-85 where 

temperature in the reoxidation processing was 900°C to 1000°C 

are more preferable in the present invention. This corresponds 

to claim 28. In addition, si.nce a the:anal crack did not arise 

in the test where the temperature of the solderi.ng iron was 

450°C i.f the resi.dual compressive stress was 40 MPa.or more, 

this range is also a more preferable range in the present 

invention. This corresponds to the residual compress.ive stress 

specified in claims 14 and 26. 

Thus, it is possible to secure a wide range of varistor 

voltage values and sufficient nonlinear coefficient a with 

keeping large surf ace resi.dual compressi.ve stress by 

controlling a varistor voltage value through changi.ng 

temperature 1n the reoxidation processing without changing the 

composition. In consequence, with maintaining the high strength 

and high heat-resisting property by the large surface residual 

compressive stress, a wide range of varistor voltage and 

practical a can be obtained by the same composition. Hence it 

becomes unnecessary to prepare var1.ous types of mater1.a1, and 
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c. 

hence. material control becomes easy. 

ExmQple 2-8 

What is perfo:cmed in this example 2-8 is comparison of 

samples obtained by changing a time among reoxidati.on 

processing conditions. 

Wi.th fixing other parameters such as A site mole ratios. 

a mole percent and a kind of a semiconductorizing agent, a 

total A/B, and a mole percent of SiOa, and perfonning the same 

setup as that in the example 2-1 except for changing 

reoxidation processing conditions as shown in Table 2-8. 

samples were produced, which were measured similarly to those 

in the example 2-1. However, the temperature characteristic of 

the varistor voltage E10 was not measured. The result is shown 

in Table 2-8. 

96 



Table 2·8 

Reoxidation Processing Electrical 
Sample Conditions . Characteristics 

No. Temper Time Partial 
ature (h) Pressure E10 a 
(oC) of (V) 

Oxygen 
(atm.) 

2·89 950 0.10 0.2 3.1 2.78 
2·90 950 0.25 0.2 4.9 3.03 
2·91 950 0.50 0.2 7.1 3.27 
2-92 950 1.00 0.2 10.4 3.34 

~ 
2-4 950 2.00 0.2 11.5 3.40 
.2-93 950 4.00 0.2 . 20.2 3.80 
2-94 950 8.00 0.2 28.6 3.86 
2•95 . 950 16.00 0.2 40.6 3.94 
.2-96 950 32.00 . 0.2 57.7 S.67 
2·97 950 64.00 0.2 81.8 a.as 

Mechanical Characteristics 

Thermal Crack Test Residual 
(Soldering Iron Temperature Compressive 

oc) Stress 
360"C 400°C 450°C (Mpa) 

Good No Good No Good 24 
Good Good Good 89 
Good Good Good 42 
Good Good Good 44 
Good Good Good 45 
Good Good Good 44 
Good Good Good 41 
Good Good No Good 38 
Good No Good No Good 24 

No Good No Good No Good 14 

I; 

1f 

I 
,f 
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As for the notation of composition, the content of S:Z:O is 

expressed as a moles, the content of BaO is b moles, the 

content of Cao is c moles, the content of Ti~ is d moles, the 

content of Nb0512 is f moles, and the content of Si02 is g moles. 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, (a + b + 

c)/(d + f) = 0.98, and g/d x 100 = 0.20. 

Conditions at the producing samples were that temperature 

in the reoxidation processing was.950°C, and that the processing 

was perfo:cmed in the air (the partial pressure of oxygen was 

0.2 atmospheric pressure). 

The varistor voltage E10 monotonously increased with a 

lapse of the time of the reoxidation processing. When the time 

of the reoxidation processing exceeded 32 hours, the residual 

compressive stress reduced rapidly. In other samples 2-4 and 2-

89 to 2-96 except for the sample 2-97, a the:anal. crack did not 

arise in the test where the temperature of the soldering iron 

was 360°C. At this time, residual compressive stress in the 

composition ranges of the samples where a thexmal crack did not 

arise was 24 MPa or more without exception. 

Therefore, the samples 2-4 and 2-89 to 2-96 where time of 

the reoxidati.on processi.ng was 32 hours or shorter are 

preferable 1n the present invention. This corresponds to claim 

29. In additi.on, since a the:ana.1 crack did not arise i.n the 

test where the temperature of the soldering iron was 360°C if 

the residual compressive stress was 15 MPa or more, this range 
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is also a preferable range in the present invention. This 

corresponds to the residual compressive stress specified in 

claims 12 and 24. 

In the samples 2-4 and 2-90 to 2-95, a thermal. crack did 

not arise in the tests where the temperature of the soldering 

iron was 400°C. At this time, residual compressive stress .in 

the compositi.on ranges of the samples where a thennal crack did 

not arise was 38 MPa or more without exception. 

Therefore, the samples 2-4 and 2-90 to 2-95 where time of 

the reoxidation processing was 0.25 to 16 hours are more 

preferable in the present invention. Thi.s corresponds to claim 

30. In ad.di tion, since a the:mal crack <lid not arise in the 

test where the temperature of the soldering iron was 400°C if 

the residual compressive stress was 25 MPa or more, thi.s range 

is also a more preferable range in the present invention. This 

corresponds the residual compressive stress specified in claims 

13 and 25. 

In addition, in the samples 2-4 and 2-91 to 2-94, a 

thennal crack did not arise in the tests where the temperature 

of the soldering i.ron was 450°C. At this time, residual 

compressive stress in the composition ranges of the samples 

where a thennal crack did not arise was 41 MPa or more without 

exception. 

Therefore, the samples 2-4 and 2-91 to 2-94 where time of 

the reox:J..da.tion processing was 0.5 to 8 hours are st:J..11 more 

preferable in the present invention. In add1.tion, since a 
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the:ana.l crack did not arise in the test where the temperature 

of the soldering iron was 450°C if the residual compressive 

stress was 40 MPa or more, this range is also a more preferable 

range in the present invention. This corresponds to the 

residual compressive stress specified in claims 14 and 26. 

Exatngle 2-9 

What is perfo:cmed in this example 2-9 is comparison of 

samples obtained by changing a partial pressure of oxygen among 

reoxidation processing conditions. 

With fixing other parameters such as A site mole ratios, 

a mole percent and a ki.nd of a semiconductorizing agent, a 

total A/B, and a mole percent of SiOa, and perfo:cning the same 

setup as that in the example 2-1 except for changing 

reoxidation processing conditions as shown in Table 2-9, 

samples were produced, which were measured simil.arly to those 

in the example 2-1. However, the temperature characteristic of 

the varistor voltage E10 was not measured. The result is shown 

1.n Table 2-9. 
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Sample 
No. 

2·98 

2·99 
2·100 
2·4 

2·101 
2·102 

Reoxidation Processing 
Conditions 

'Thmper Time Partial 
ature (h) Pressure 
(oC) of 

Oxygen 
(atm.) 

950 2 0.00 

950 ·2 0.05 
950 2 0.10 
950 2 0.20 
950 2 0.50 
950 2 1.00 

Table 2·9 

Electrical 
Characteristics 

E10 a 
(V) 

Less than 
Measuring Limit 

5 . .2 1.97 
8.3 3.03 

11.5 3.40 
14.S 3.95 
16.0 4.28 

Mechanical Characteristics 

Therm.al Crack Test Residual 
(Soldering Iron Tumperature Compressive 

oc) Stress 
360 °C 400°C 450°0 (Mpa) 

No Good No Good No Good 7 

No Good No Good No Good 14 
Good Good Good 41 
Good· Good Good 45 
Good Good Good 46 
Good Good Good 48 

I\ 

! 
1:\) 

H 

~ 
I 

11 
r 
I 
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As for the notation of composition, the content of s.ro is 

expressed as a moles, the content of BaO is b moles, the 

content of cao is c moles, the content of Ti02 is d moles, the 

content of Nb0512 i.s f moles. and the content of Si.02 i.s g moles. 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, (a + b + 

c)/(d + f) = 0.98, and g/d x 100 = 0.20. 

The reoxidation processing was perfonned at 950°C for 2 

hours, and samples were produced with changing the partial 

pressure of oxygen. 

In the samples 2-98 and 2-99, the coefficient a was small, 

and residual compressive stress was a1so small. In other 

samples 2-4 and 2-100 to 2-102 except for these samples, a 

theDOal crack did not arise in the test where the temperature 

of the soldering iron was 360°C, 400°C and 450°C. At this time, 

residual compressive stress in the composition ranges of the 

samples where a thennal crack did not arise was 40 MPa or more 

without exception. 

Therefore, the samples 2-4 and 2-100 to 2-102 where the 

partial pressure of oxygen in reoxidation processing was 0.10 

atmospheric pressure or higher are preferable in the present 

invention. This corresponds to claim 31. In addition, since a 

thermal. crack did not arise in the tests where the temperature 

of the soldering i.ron was 360°C, 400°C and 450°C when the 

residual compressive stress was 40 MPa or more, this range .is 

also a more preferable range in the present invention. This 
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corresponds to the residual compressive stress specified in 

claims 14 and 26. 

According to the above Tables 2-1 to 2-9, if the 

composition, content and reoxidation processing conditions of 

each component are within the range of the present invent1.on. 

the residual compressive stress within the preferable range 

described above can be obtained. Hence it is possible to 

provide varistor ceramic. which has high bending strength and 

is excellent in the thennal shock-proof property. and its 

manufacturing method. 

Third Embodiment 

Hereafter, the composition of the varistor ceramic 10 in 

this third embodiment will be described. 

The varistor ceramic 10 contains a first component of the 

composite perovskite which consists of oxides of Sr, Ba, Ca and 

Ti, at least one component of a second component which consists 

of at least one kind of oxide selected from ox:i.des of R (Y and 

lanthanoids (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho. Er, 'no, Yb 

and Lu)) and a third component which consists of at least one 

kind of oxide selected from oxides of M (Nb and Ta),, and a 

fourth component which consists of an oxide of Si. and does not 

contain Mg substantially. It is assumed that a is the number of 

moles calculated for Sr of the first component as S:rO, b is the 

number of moles calculated for Ba of the first component as Bao,, 

c is the nmnber of moles calculated for Ca of the first 
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component as cao, d is the number of moles calculated for Ti of 

the first component as T102 , e is the number of moles calculated 

for R of the second component as Y0312 , ceo2 , Pr01116 , Tb0,14 and 

~12 (other lanthanoids) respectively, f is the number of moles 

calculated for M of the third component as Nb0s12 and Ta0512 

respecti.vely, and g is the number of moles calculated for Si of 

the fourth component as Si02 • Then, the component of th1.s 

varistor ceramic is 0.30 ~ a/(a + b + c) ~ 0.40, 0.30 ~ b/(a + 

b + c) s 0.40, 0.25 s c/(a + b + c) ~ 0.35, 0.84 s (a + b + c + 

e)/(d + f) s 1.16, 0.75 ~ (e + f)/d x 100 ~ 10.0, and g/d x 100 

s o. 6. More preferable ranges of this composition are o. 96 s (a 

+ b + c + e)/(d + f) s 1.01, 0.75 ~ (e + f)/d x 100 s 4.0, and 

g/d x 100 s 0.3 • 

The first component is a main component of the varistor 

ceramic 10. Thi.s first component consists of, in composite 

perovskite, an A site component of Sr, Ba and ca, and a B site 

component of Ti. The second and third components are metallic 

oxides that contribute to serni.conductorization, and the fourth 

component is mainly added for the improvement of a degree of 

sintering. 

Electrical characteristics as a varistor are ma.inly 

expressed with a temperature characteristic of the vari.stor 

voltage E10 and a nonlinear coefficient a. The varistor voltage 

E10 expresses an applied voltage value at the t:lme of 10-mA 

electric current flowing in the varistor, and the nonlinear 

coefficient a is generally expressed in a = l/log(E10/E1 ). Where, 

104 



Ei is an applied voltage value at the time of 1-mA electric 

current flowing in the varistor. 

As for mole ratios of Sr, Ba and ca which are contents of 

the A site component. it is preferable that Sr is set between 

0.30 and 0.40 inclusive, Ba is between 0.30 and 0.40 inclusive, 

and Ca is between 0.25 and 0.35 inclusive. Then, it becomes 

possible to enhance electrical characteristics such as the 

controllability of the varistor voltage E10 , the of the Bio 

temperature characteristics, and the nonlinear coefficient a, 

and to enhance the thermal shock-proof property of the varistor. 

That is, if there is too much Sr, the temperature 

characteristic of E10 will become negative, and if too few, 

strength will drop. In ad.di tion, if there is too much Ba. the 

positive trend of temperature characteristic of E10 becomes 

strong too much, and if too few, the temperature characteristic 

of E10 becomes negative. Furthe:anore. even if there is too much 

Ca or too few Ca, the nonlinear coefficient a to the varistor 

voltage E10 becomes small. In addition, if there is too much Ca, 

the varistor voltage E10 becomes extremely large to become 

difficult of control, and a base is ma.de an insulator by 

reoxidation. 

The thermal shock-proof property of a varistor can be 

·enhanced by setting the mole percent (calculated w1.th the 

number of moles of metal ions) of a semiconductoriz.ing agent 

(the second and/or third components) to the principal component 

(T1.~) to be between O. 75 and 10.0 inclusive, or more preferably 
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to be between o. 75 and 4.0 inclusive. That is, even if the 

semiconductorizing agent is too much or too few, strength is 

lowered and a thermal crack easily arises. 

Even if an amount of the fourth component (Si02 ) is 

reduced by perf o:rming setup so that the total A/B may become 

between 0.84 and 1.16 inclusive, or may more preferably become 

between 0.96 and 1.01 i.nclusive, it is possible as described 

later to improve a degree of sintering. That is, this is 

because sintering is blocked even if the total A/B is too large 

or too small, and hence the base is made an insulator owing to 

reoxidation. In addi.tion, even if the total A/B is too large or 

too small, strength is lowered and a thermal crack easi.ly 

arises. In a range where an amount of Si02 is few and a lot of 

semiconductorizing agent is added as d~scribed above, in order 

to maintai.n the tbennal crack-proof property, it becomes 

indispensable to restrict an upper limit of the total A/B to be 

1.16 or less, or more preferably, to be 1.01 or less. 

The the:cmal shock-proof property of a varistor can be 

sharply enhanced by setting the mole percent of the fourth 

component (Si.02 ) to the principal component (TiOz) to be 0.6 or 

less, or more preferably, to be O. 3 or less. In other words, 

Si.02 is added as a sintering addi.tive and it is possible to 

stably perfonn si.ntering even if composition fluctuates, but 

however, if the amount of Si.Dz increases, it becomes easy for a 

thennal crack to arise. It should be noted that the content 

{mole percent) of Si02 of 0.6 or less or of 0.3 or less also 
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includes the case where its dosage is zero. 

The varistor ceramic 10 may also contain an add1.tive that 

consist of at least one kind of oxide selected from among 

oxides of Li, Na, Mn, co; Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and w. 

Supposing the content is the nmnber of moles obtained by 

converting Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, In, Mo and W 

into L.i0i12 , Na0112 , MnO, Co0413 , NiO, CuO, ZnO, Sc0312 , Fe0312 , Ga0312 , 

In0312 Mo03 and W03 • i~ is preferable that the compos1. tion is O < 

h/d x 100 :s; 1.000. Thereby, there is an effect of improving the 

nonlinear coefficient a. 

In add1.tion, the varistor ceramic 10 may also contain 

other elements such as_P, S, K. Al and Zr as unavoidable 

impuri.ties besides such additives. Such elements usually exist 

as oxides. 

As described above, the varistor ceramic 10 is a 

polycrystal consisting of perovskite type crystals. A part of 

each component is contained in the perovskite type crystals 

with being solidly solved in grains, and another part exists :in 

crystal grain boundaries as oxides or complex ox:Ldes. For 

example, Ba, Ca, s r, Ti, Nb, Ta, Y, lanthanoids and the like 

exist mostly in grains, and Mo, w. Mn, Si, Co and the like 

exist mostly in crystal grain boundaries. 

A mean grain diameter of the varistor ceramic 10 usually 

is about 0.5 to 10 µm, and in part1.cular, 1 to 6 µm. 

Since the electrodes 11 are fozmed with the material made 

of Cu or mainly ma.de of Cu, they are hard to be corroded even 
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under high temperature, and hence, this can endure hot solder 

work. 

Next, a method of manUfacturing this varistor ceramic 10 

will be described simply. 

The varistor ceramic 10 is obtained by processing raw 

material powder in order of mixing, calcining, grinding, 

fo.IIDi.ng, binder removal, reduction sintering, and reoxidation. 

The powder of a compound of each structural element of 

ceramic is usually used for the raw material powder. An oxide 

or a compound which becomes an oxide by sintering, such as 

carbonate and a hydroxide can be used for the raw material 

powder. With citing an example about Ba, at least one kind of 

barimn compounds such as BaC03 , BaSi03 , BaO, BaC12 , Ba( OH) 2 and 

Ba(N03 ) 2 , and alkoxide (for example, ( ~o) :Jla) can be used as 

the raw material. The mean particle diameter of raw material 

powder may be usually about 0.2 to 5 J..Ull· 

First, the weighing of the raw material powder .is 

perfonned so that the final composition may become the above­

described composition, and usually, wet blending is perfoi:med. 

subsequently, after perfonning dehydration processing, the raw 

material powder .is dried and calcining is perf onned at about 

1080 to 1250°C for about 2 to 4 hours. Next, after grinding a 

calcining object, an organic binder 1.s added, and further, 

water, a pH regulator, a moisturizer, etc. are added and mixed. 

subsequently, a mixture is molded, and is sintered at about 

1250-1400°C in a reducing atmosphere for about 2 to 4 hours 
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after perfonning binder removal processing for semiconductor 

ceramic to be obtained. 

Each raw ma.teri.al powder such as Nb, Ta. Y, lanthanoids, 

Mo, W, Mn, Si, Co and the like may be added at the time of 

mixing after the calcining. 

The semiconductor ceramic obtained in this manner is 

given heat treatment (reoxidation processing) in an oxidizing 

atmosphere such as air, so that a suitable varistor voltage 

according to an object may be obtained. The temperature ~ 

and Time TIM.t- in this reoxidation processing are controlled as 

follows: 

(1) 850°C s '.l'EMz.. s 900°C, 0.25 hour s T~ s 32 hours, 

(2) 900°C < TEM.mx s 1oso0 c, 0.1 hour s TI~ s 32 hours, 

(3) 900°C s ~ < 950°C, 0.5 hour s T~ s 16 hours, or 

(4) 950°C s TEM.-c s 1000°c. 0.25 hour s TIM.a. s 16 hours. 

The insulating layer !Ob is fonned on a surf ace port1.on 

by this reoxidation processing. Varistor character1.stics appear 

owing to the presence of this insulating layer. Generally, the 

nonlinear coefficient a and varistor voltage become large if 

this insulating layer is thick, and they become small if thin. 

It is possible to secure a suff1.cient nonlinear 

coeffi.cient a, a sufficient bending strength. and a suffi.cient 

thermal shock-proof property in a wide range of varistor 

voltage, and also to reduce the dependency of the varistor 

voltage to a change of heat treatment temperature, by thus 

controlling the temperature 'l'EM:..-az and time TIM.t- in such 
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reoxidation processing. Since the practical nonlinear 

coefficient a and the sufficient strength in a wide range of 

varistor voltages can be obtained in the single composition, it 

becomes unnecessary to prepare various materials and it becomes 

easy to control materials. With considering the influence of a 

change of the reoxidation processing conditions over a varistor 

voltage, the time of the reoxidation processing TIM.au: has less 

impact than the temperature in the reoxidation processing TEM.-c:· 

Hence, by controlling a varistor voltage value through finally 

adjusting the time of the·reoxidation processing T~, the 

shift of the va.+:l.stor voltage due to the change of reoxidation 

processing conditions becomes small, and hence an yield 

improves and the control of reoxidation processing conditions 

becomes easy. 

Electrodes 11 are formed on one surface of the varistor 

ceramic after reoxidation processing with CU or material mainly 

made of Cu, and a varistor is obtained. The material mainly 

ma.de of CU is the same as that in the first embodiment. 

In the third embodiment described above, although the 

electrodes are provided in one surface of varistor ceramic, an 

electrode( s) may be provided in top and back faces or sides of 

the varistor ceramic. 

In addition, varistor ceramic may be manufactured by 

ad.ding a minor component later. Namely, it is also possible to 

weigh and mix raw material powder, to add a part of contents 

after perfonning calcining, to adjust the contents so that the 
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powder may have a composition predetermined, to grind and fo:nn 

the powder, and to perfo.:an the reduction sintering of this 

formed object, and the reoxidation. 

Hereafter. the present invention is described still :ln 

detail according to examples according to the third embodiment. 

Example 3-1 

What 1.s perfo:cmed in this example 3-1 is comparison of 

samples obtained by changing A site mole ratios with fixing 

other parameters such as reoxidation processing conditions, a 

mole percent and a kind of a semiconductor1.zing agent. and a 

total A/B. 

F:lrst. after respectively weighing by conversion and 

blending S.rC03 , BaC03 , CaC03 , Ti02 , Nb0512 and Si~ as raw material 

so that the raw material might have the composition shown in 

Table 3-1, they were mixed for 10 to 20 hours with using an wet 

media mill, dehydrated and dr1.ed. 

After calcining a mixture obtained, at 1150°C, the 

mixture was rough-ground, and again, dehydrated and dried after 

be1.ng mixed with a wet media mill for 10 to 20 hours. 

Subsequently, 1.0 to.1.5 wt% of polyvinyl alcohol was mixed to 

the mixture as an organic binder to be granulated, and the 

granulated mixture was formed at fo:aning pressure of 2 t/ar.i.2 to 

become a fo.nned object having an outer diameter of 12 mm, an 

ins.i.de diameter of 9 nm and a thickness of 1.0 nm. 

After perf o:aning the binder removal process.i.ng of this 

fanning object at about 600°C in an air atmosphere. sinteri.ng 
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was perfonned for 2 hours at about 1350°C in a reducing 

atmosphere of N2 (95 volume percent) + H2 (5 volmne percent) for 

the semiconductor ceramic to be obtained. Subsequently, two­

hours reoxidati.on processing of the semiconductor ceramic was 

perfo:nned at 950°C in the ai.r :i.n the rise and fall temperature 

speed of 100 to 600°C/h for the varistor cerandc to be obtai.ned. 

Next, Cu paste was applied to one surface of the varistor 

cerami.c 10 as shown in Figs. la and lb, in a neutral atmosphere, 

three Cu electrodes, although the five electrodes are shown in 

these figures, were fonned by baking the Cu paste at 750°C to 

obtain test samples of the varistors for measuring. 

Then, after measur:i.ng the voltages E1 and E10 of each 

sample at 20°C, the nonlinear coefficient a was obtained from a 

· = l/log(E10/E1 ) with using the measured voltages E1 and E10 • 

Furthennore, the temperature characteristic (temperature 

coeffi.cient) of the varistor voltage E10 was also obtained. 

Moreover. whil_e perfonning the theDJJa.l crack test of ea.ch 

sample, a transverse rupture strength of each sample was 

measured. 

The voltages E1 and E10 were measured with using a 

measuring ci.rcui t shown in Fig. 3. In this measuring c:iroui t, 

an anmeter 30 is connected :i.n series between a varistor 31 and 

a DC constant current source 32, and a voltmeter 33 is 

connected in parallel with the varistor 31. The voltages Bi and 

Bio were measured by measuring the voltage values between both 

te:cminals of the varistor 31 when electric current of 1 mA and 
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10 mA flows in the varistor 21 respectively with using the 

anuneter 30 and the voltmeter 33. 

Temperature characteristics (temperature coefficient) 

AElO':r of the varistor voltage E10 were obtained with L\E10'1' = 

{E10(85) -E10 (20)}/{E10 (20) x (85 - 20)} x 100 [t/°.CJ about each 

sample. The voltages E10 ( 20) and E10 ( 85) are the varistor 

voltages E10 at the temperature of 20°C and 85°C, respectively. 

These were measured with using a the:cmostat oven. 

The transverse rupture strength was measured by a 

transverse .rupture strength tester such as MODEL-13110 of AIKOH 

ENGINEERING Co., Ltd •. 

The thennal crack test was perfonned by contacting a 

soldering iron. where temperature was set beforehand, to the 

electrode side of the sample left at the room temperature, for 

3 seconds with supplying eutectic solder. The temperature of a 

soldering iron was two kinds of temperature, that i.s, 360°C, and 

400°C were used. Thirty samples were visually inspected for 

cracks with using alcohol. The result is shown in Table 3-1. 
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M:io. 

Sample 
Nn. 

3• l 
3·2 
3· 3 
3· 4 
3·& 
8· 6 
3•7 
3•8 
3·9 
3·10 
3·11 
3·12 
3•]3 
3·14 
3·15 
3•16 
3•17 
3·18 
3·19 
3•20 
3-21 
3·22 
3·23 
3•24 
a·2.5 
3·26 
3•27 

3·28 
3-29 
3·30 
3•31 
3·32 

St mole 
ratio 

a/(a+~ 

0.30 
0.30 
0.35 
0.35 
0.85 
0.40 
0.40 
0.10 
0.10 
0.20 
0.20 
0.20 
0.30 
0.40 
0.50 
1.00 
0.80 
0.50 
0.20 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.80 
0.$0 
0.20 
0.60 
0.20 
0.40 
0.20 

Ba mole Ca.mole 
ratio raUo 

b/(a.+b+c> e/(a+b+c) 

0.36 0.35 
0.40 0.80 
0.30 0.85 
0.36 0.30 
0.40 0.25 
0.30 0.80 
0.35 0.25 
0.40 0.50 
0.50 0.40 
o.so 0.50 
0.40 0.40 
0.50 0.30 
0.60 0.20 
0.40 0.20 
0.30 0.20 
0.00 0.00 
0.20 0.00 
0..50 o.oo 
0..80 0.00 
1.00 0.00 
0.80 0.20 
0.60 0.40 
0.40 0.60 
0.20 0.80 
0.00 1.00 
o.oo 0.20 
0.00 0.50 
o.oo 0.80 
0.20 0.20 
0.60 0.20 
0.20 0.40 
0.20 0.60 

Table 3·1 
Com..-ttion 

CoDlpone Mole %of Total Si Os Component 
ntot semicond AIB mole o£additive 

eemiaond uctoriziq % 
uctmidng agent 

IU!t!JJ.t 

NbO •• 3.00 0.98 0.20 None 
NbO .... 3.00 o.98 0.20 None 
NbO ..... 3.00 0.98 0.20 None 
NbO ... 3.00 o.es 0.20 None · 
NbO. .. a.oo 0.98 0.20 None 
NbO..., a.oo 0.98 0.20 None 
Nb() ... 3.00 0.98 0.20 None 
NbO ... a.oo 0.98 0.20 None 
NbO ... 3.00 0.98 o.zo None 
NbQ ... 3.00 0.98 0.20 None 
NbO ... s.oo 0.98 0.20 None 
NbO ... 3.00 0.98 0.20 None 
NbO .... 3.00 0.98 0.20 None 
NbO ... S.00 0.98 0.20 None 
NbO ... 8.00 0.98 0.20 None 
Nb01112 3.00 0.98 0.20 None 
NbO .... S.00 0.98 0.20 None 
NbO ... s.oo 0.98 0.20 None 
NbO.. .. 3.00 0.98 0.20 None 
NbO.. .. s.oo 0.98 o.so None 
NbO- a.oo 0.98 0.20 None 
NhO..- 3.00 0.98 0.20 None 
NbO ... s.oo 0.98 0.20 None 
NbO .... 3.00 0.98 0.20 None 
NbO.,,, 3.00 0.98 0.20 None 
NbO ..... 3.00 0.98 0.20 None 
Nb01112 3.00 o.ea o.zo None 
Nb0111t 3.00 0.98 0.20 None 
NbOM s.oo 0.98 0.20 None 
NbO .... 3.00 0.98 0.20 None 
NbOm a.oo 0.98 0.20 None 
NbO,.., s.oo 0'.98 0.20 None 

Electrical Cbaracteri1dics Meebanical Ctwacteristica 
E1e 'hanevene Thermal Crack 'That 

E1u a 'lemperatu~ RuptUN (Soldering Jron 
(Y) Cba:tact.eriaties Strength 'Iemneratu.re •c> 

AEw:r(%/"C) (Kgf/mml) sso•c 400 "C 

15.8 3.7 0.01 80.l Good Good 
12.9 a.5 0.02 29.9 Goad Good 
16.1 4.0 o.oo 3Z.7 Good Good 
11.0 3.• 0.01 33.6 Good Good 
11.6 S.6 0.02 31.8 Good Good 
11.8 3.7 0.00 3L4. Good 'Good 
10.9 3.6 0.01 33.0 Good Good. 
39.9 3.9 o.oa 24.0 Goocl Good 
20.l 3.S o.o• 24.8 Good Good 
33.6 4.2 0.01 25.1 Good Good 
20.6 3.8 0.03 26.0 Good Good. 
16.7 3.4 0.04 27.6 Good Good 
n.o 2.8 0.04 28.8 Good Good 
10.6 2.8 0.02 29.1 Good Good 
10.0 2.7 -0.01 28.0 Good Good 
4.3 2.9 -0.60 24.9 Good Good 
4.8 3.0 -0.08 24.4 Good Good. 

\ 
I~ 
! 
l 
t 
'l 
l 
If 

s.o 3.1 0.16 24.2 Good Good 
2.2 2.S 0.71 28.0 Good Good 
0.4 1.6 1.20 19.8 Good No Good. 
4:.6 2.5 0.23 18.5 Good. No Good 

18.4 a.• 0.10 18.S Good No Good. 
'74.0 :u 0.06 18.1 Good No Good 
187.0 2.7 0.01 16.8 No Good No Good 

IaoJated - - lG.6 No Good No Good 
138.0 2.4 -0.16 25.4 Good Good 
39.li 4.4 -0.08 20.1 Good NoGaod. 
9.1 3.1 -0.01 18.6 Good No Good 
9.2 3.3 -D.()7 26.1 Good Good 
9.9 3.2 0.11 2U Good Gaod 

22.0 4.1 -0.03 26.0 Good Good 
47.1 2.8 o.oo 24.1 Good Good 
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Mole rati.os of the A site component largely affect the 

electrical characteristics of a varistor, and in particular, to 

the temperature characteristic of the varistor voltage E10 • When 

·the temperature characteristic of the voltage E10 is negative, 

the varistor voltage drops in connection with the ri.se of 

operating temperature, and hence, excessive electric current 

flows to the varistor or a possi.bility of causing a thermal 

runaway exists. Therefore, this is not adoptable. Therefore. 

the samples 3-15 to 3-17, 3-26 to 3-29 and 3-31 are in ranges 

where they cannot be used as varistors respectively. 

Even if the temperature characteristic of the voltage E10 

is zero or positive, it is not desirable to exceed 0.06, and 

hence, the samples 3-18 to 3-23 and 3-30 are not preferable as 

varistors. 

Since being insulated as a whole by reoxidation 

processing, the sample 3-25 does not operate as a varistor. In 

addition, since the samples 3-24 and 3-26 contain too much Ca, 

their var:l.stor voltages E10 are extremely high, and hence, 

control is d:l.ff:l.cult. 

SJ.nee Ca contained is too few although the E10 

characteristics of the samples 3-13, 3-14 and 3-32 are 0.06 or 

less. their nonl:l.near coeffi.cients a to the varistor voltage E10 

are low, and hence they are not preferable. 

Therefore, the samples 3-1 to 3-12 are preferable because 

the temperature characteristics of the varistor voltages E10 are 

0.06 or less and the coefficients a to the varistor voltages E10 
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are not so low. Furthennore, the samples 3-1 to 3-7 where the 

temperature characteristic of the voltage E10 is 0.02 or less is 

more preferable in the present invention. This corresponds to 

the A site mole ratio specified in claim 4 7. In this range, no 

crack arose at the the:z:mal. crack test where the temperature of 

the soldering iron was 360°C, and furthennore, no crack also 

arose at the thennal crack test where the temperature of the 

soldering iron was 400°C. In particular, the sample 3-4 has the 

best balance of the temperature characteristic of the voltage 

E10 and the nonlinear coefficient a, and the mole ratios of the 

A site component near that of this sample are most preferable 

in the present invention. 

Example 3-2 

What is performed in this example 3-2 is canparison of 

samples obtained by changing an amount of a semiconductorizing 

agent. 

With fixing other parameters such as reoxidation 

processing conditions, A site mole ratios, a kind of a 

semiconductorizing agent, a total A/B, and a mole percent of 

Si02 and perfoDDing the same setup as that in the example 3-1 

except for changing the mole percent of the semiconductori.zing 

agent as shown in Table 3-2, samples were produced, which were 

measured similarly to those in the example 3-1. The result is 

shown in Table 3-2. 
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Sample 
No. 

S·S3 
3·34 
3·35 
3•36 
3· 4 
8·37 
3·38 
8•39 

Sr mole 
ratio 

a/(a+b+c) 

0.35 
0.85 
0.35 
0.85 
0.36 
0.85 
0.3& 
0.86 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/{a+b+c) 

0.85 0.30 
0.35 0.80 
0.35 0.30 
0.35 0.30 
0.85 0.30 
0.35 0.30 
0.36 0.30 
0.35. 0.80 

Table 3·2 

Co:rnposition 

Compone Mc>le%of Total 
ntof semicond A!B 

semicond uctorizing 
uct.orizing agent 

alffint 

NbO- 0.10 0.98 
NbOiw 0.75 0.98 
NbO .... 1.00 0.98 
NbO.,., 2.00 0.98 
NbO .... 3.00 0.98 
NbO ..... 4.00 0.98 
NbO..,,, 10.00 0.98 
NbO .... 15.00 0.98 

Electrioal Mechanical Characteriatice 
Chara.eteristica 

Si01 Component Transverse Thermal Crack Test 
mole of additi-ve Elo ex Rupture (Soldering lre>:n 

% (V) Strength Temuerature °C) 
(Kgflm.m2) 360°C 400°0 

0.20 None 30.2 3.1 17.2 NoOood No Good 
0.2() None 16.7 3.3 27.3 Good Good 
0.20 None 15.5 3.4 28.6 Good Good 
0.20 None 12.4 8.4 32.2 Good Good 
0.20 None 11.5 3.4 33.5 Good Good 
0.20 None 12.1 3.5 30.5 Good Good 
0.20 None 11.5 8.5 19.6 Good No Good 
0.20 None . 14.8 . s.s 9.9 No Good Na Good 



The amount of a ~emicond.uctorizing agent affects the 

thennal crack-proof property of varistor ceramic. Since the 

amount of semiconductorizing agent in the samples 3-33 and 3-39 

are too few and too much respectively, thennal cracks arose in 

the test where the temperature of the soldering iron was 360°C, 

and hence, these are not preferable. Therefore, the samples 3-4 

and 3-34 to 3-38 where thential cracks did not arise in the test 

where the temperature of the soldering iron was 360°C and the 

traverse rupture strength was 18 kgf/nm.2 or more are preferable 

in the present invention. This corresponds to the mole percent 

of the semiconductorizing agent specified in claim 47. 

Since a thennal crack arose in the sample 3-38 in the 

test where the temperature of the soldering iron was 400°C, the 

samples 3-4 and 3-34 to 3-37 where a the:anal crack did not also 

arise in the test where the temperature of the soldering iron 

was 400°C are more preferable in the present invention. This 

corresponds to the mole percent of the semiconductorizing agent 

specified in claim 49. In addition, the mole percent of the 

semicond.uctorizing agent near that of the sample 3-4 is most 

preferable in the present invention. 

Example 3-3 

What is perfo:cmed in this example 3-3 is comparison of 

samples where a kind of semiconductorizing agent was changed. 

With fixing other parameters such as reoxidation 

processing conditions, A site mole ratios, a mole percent of a 

semiconductorizing agent, a total A/B, and a mole percent of 
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Si02 and perfonning the same setup as that in the example 3-1 

except for changing the mole percent of Si02 as shown in Table 

3-3, samples were produced, which were measured similarly to 

those in the example 3-1. The result is shown in Table 3-3. 
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Table 3·8 

Composition Electrical Mechanical Characteristics 
Sample Characteristic& 

No. Sr mole Ba mole Ca mole Comp one Mole%of Total Si01 Component Transverse Thermal Crack Test 
ratio ratio ratio u.tof semicond AIB mole of additive E10 a Rupture (Soldering lron 

atV.+b+c) bJ(a+b+c) c/Ca+b+c) aemicond uctorizing % (V) Strength Temneratu.re °C) 
uctorizing agent (Kgf!m.ml!) 360°0 400 ·c 

aS!.'.ent 
3· 4 0.35 0.35 o.so Nb40 .. 3.00 0.98 0.20 None 11.5 3.4 83.5 Good Good 
3·40 O.S5 0.3$ 0.30 Ta..O" 3.00 0.98 0.20 None 15.4 3.4 27.6 Good Good 
3·41 0.35 0.35 0.30 Y.O.i 3.00 0.98 0.20 None 26.6 3.7 3.2.3 G<>od Good 
S-42 0.35 0.35 0.80 La.n.. 3.00 0.98 0.20 None 15.1 3.9 .24.6 Good Good 
8•48 0.85 0.86 0.30 Ceo .. 3.00 0.98 0.20 None 14.9 a.a 24;9 Good Good 
8-44 0.35 0.35 0.80 Pr.o., 3.00 0.98 0.20 None 16.2 3.6 26.5 Good Good 
3·45 0.35 0.86 0.30 Nd.Q,. 3.00 0.98 0.20 None 16.8 3.7 .26.1 . Good Good 
3•46 0.95 0.36 0.30 - Sm .. Q .. 8.00 0.98 0.20 None 14.8 3.5 26.9 •Good Good ...-

~ 
3·47 . 0.35 0.36 ·o.3o Eu.o. 3.00 0.98 0.20. None 19.0 . 8.8 .26.4 ~od Good 
3-48 0.35 o.as 0.30 Gd .. 0.. 3.00 0.98 0.20 None 16.2 3.6 26.7 Good Good 
8·49 0.86 0.815 0.30 TbAO• 3.00 0.98 0.20 None 21.3 S.8 25.l Good Good 
3·50 0.85 0.315 0.80 Dv .. O.. 3.00 0.98 0.20 None 18.3 3.5 26.9 Good Good 
3·51 0.35 '0..35 0.30 Ho-ll.. 3.00 0.98 0.20 None 25.4 3.6 27.5 Good Good 
3·ts2 o.ao 0.35 0.30 Er .. o .. 3.00 0.98 0.20 None 27.9 4.0 27.9 Good Good 
3·63 o.ss 0.35 0.30 TmaO .. 3.00 0.98 0.20 None 24.1 3.9 27.3 Good Good 
3·54 0.35 0.35 0.30 n.o .. 3.00 0.98 0.20 None 29.2 3.9 26.S Good Good 
3·15& o.ats 0.85 o.ao Lu.o .. 3.00 0.98 0.20 None 28.2 4.1 24.4 Good Good 

Nb10i; 
3-56 0.85 0.36 0.80 +Y110a 3.00 0.98 0.20 None 22.0 4.0 81.7 Good Good 

Equal 
:ii umbers 
ofmolea 



A the:anal crack did not arise in the tests where the 

temperature of the soldering iron was 360°C and 400°C, and the 

transverse rupture strength was 18 kgf/mm2 or more in all the 

samples 3-4 and 3-40 to 3-56. Hence, it is preferable in the 

present invention to use Nb0512 , Ta0512 , Y0a12 , La.Oa12 , Ce02 • Pr0u1,, 

Nd.Oa12• Sn0a12• EuOa12• Gd.0312• Tb01/4' Dy0312• HoOa12• Er0312• Tn0a121 

Yb0312 , Lu0312 or Nb0512 + Y0312 (equal numbers of moles) as a 

semiconductorizing agent. This corresponds to the kind of 

semiconductorizing agent specified in cla:im 47. 

ExarQple 3-4 

What is perfo:rmed in this example 3-4 is comparison of 

samples obtained by changing a total A/B. 

With fixing other parameters such as reoxidation 

processing conditions, A site mole ratios, a mole percent and a 

kind of a semiconductorizing agent, and a mole percent of Si02 

and perfonning the same setup as that in the example 3-1 except 

for changing the total A/B as shown in Table 3-4, samples were 

produced, which were measured similarly to those in the example 

3-1. The result is shown in Table 3-4. 
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jo-1 
t.:I 
t.:I 

Sample 
No. 

3•57 
3·58 
3·59 
3· 4 
8·60 
3-61 
8·62 
3-63 

Sr mole 
ratio 

al(a+b+c) 

0.36 
o.a5 
0.3li 
0.85 
0.31S 
0.35 
0.35 
0.35 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) cl(a+b+c) 

0.85 0.30 
0.35 0.30 
0.35 0.30 
o.ao 0.30 
0.36 0.30 
0.36 0.30 
0.35 0.30 
0.35 0.80 

Table 8·4 

Composition 

Compone Mole%of 'lbtal Si0¥ 
ntof semicond AIB mole 

aemicond uetorizing % 
u:ctorizing agent 
a~nt 

NbOlll!I 3.00 0.80 0.20 
Nb t..~ 3.00 0.84 0.20 
Nbl ..,,.. 3.00 0.96 0.20 
Nbl ..... 3.00 0.98 0.20 
Nbo ... 3.00 1.00 0.20 
NbO .. ,., 3.00 1.02 0.20 
NbO- 3.00 1.16 0.20 
NbO..,.. 8.00 1.20 0.20 

Electrical 
Characteristics 

Component 
of additive E111 a 

(V) 

None Isolated -
None 4.4 2.6 
None 7.0 3.l 
None 11.5 3.4 
None 9.5 3.8 
None 6.3 3.0 
None 51.5 3.2 
None Isolated - . 

Mechanical Characteristics 

Transverse Thermal Crack Test 
Rupture (Soldering Iron 
Strength %ml>erature °C) 

(Kgf/mm.2) 360"0 400°C 

5.0 No Good No Good 
28.6 (""1V!d No Good 
31.7 Good Good 
83.6 Good Good 
32.0 Good Good 
27.7 Good Good 
18.1 Good No Good 
7.7 No Good No Good 

I 
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! 

i 
l 
l 
I 
·.~ 



~~·-· .. .,,.... ........... ·~ . .,,_.... 

The value of the total A/B affects the degree of 

sintering of ceramic. The samples 3-57 and 3-63 have too small 

and too large total A/B respectively, these could not operate 

as varistors because it was impossible to sinter precise 

ceramic and they were insulated as a whole by reoxidation 

processing. Furthennore. thennal cracks arose when the 

temperature of the soldering iron was 360°C. 

As shown .in Table 3-4, in a range where an amount of Si02 

.is few and a lot of semiconductorizing agent is added, in order 

to maintain the thennal crack-proof property, it is 

indi.spensable to especially control an upper limit of the total 

A/B. If the total A/B exceeds 1.16, a thenna.l crack starts 

arising at 360°C. If the total A/B exceeds 1.01, a thennal 

crack starts arising at 400°C. 

That is, since a thennal crack did not arise in the test 

where the temperature of the soldering iron was 360°C, and 

transverse rupture strength was 18 kgf /nm2 or more, the samples 

3-4 and 3-58 to 3-62 are preferable in the present invention. 

This corresponds to a range of the total A/B specified in claim 

47. 

Furthennore, since a thenna.l crack did not arise in the 

test where the temperature of the soldering iron was 400°C, the 

samples 3-4 and 3-59 to 3-61 are more preferable in the present 

invention. This corresponds to a range of the total A/B 

specif1ed in claim 48. In addition, the vicinity of the total 

A/B where the B site component is a little rich like the sample 
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. ·tr:::z-a 

3-4 is a most preferable range of the present invention. 

Example 3-5 

What is perfonned in this example 3-5 is comparison of 

samples obtained by changing a mole percent of Si02 • 

With fixing other parameters such as reoxidation 

processing conditions, A site mole ratios. a mole percent and a 

Jd.nd of a semiconductorizing agent. and a total A/B, and 

perfonning the same setup as that in the example 3-1 except for 

changing the mole percent of s102 as shown in Table 3-5, samples 

were produced, which were measured similarly to those i.n the 

example 3-1. The temperature of a soldering iron i.n a thennal 

crack test was three kinds of temperature, that is, 360°C, 400°C 

and 450°C. The result is shown in Table 3-5. 
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Samplt 
No.. 

3·64 
3-65 
3·4 
8·66 
8·67 
8·68 
S-69 

Sr mole 
ratio 

af(a+b+c) 

0.35 
0.35 
0.35 
0.315 
0.85 
0.3& 
0.36 

Ba mole Ca mole 
ratio ratio 

bJ(a+b+c) cl(a+b+c) 

0.35 0.30 
0.85 0.80 
0.85 0.80 
0.35 0.80 
0.36 0.30 
0.35 0.80 
0.36 0.30 

Table 8·5 

Composition 

Compone Mole%of 'lbtal Si01 
ntof semicondu .AJB mole 

sem:ioond ctorizi.ng % 
uctorizing agent 

aont 
NbOA>O 3.00 0.98 0.00 
NbO .... 3.00 0.98 0.10 
NbO- 3.00 0.98 0.20 
NbO....,, 3.00 0.98 0.30 
NbO .... 3.00 0.98 0.60 
NbO,.,,. 3.00 0.98 1.00 
Nb06'2 3.00 0.98 1.60 

Electrical Mechanical Characteristics 
Cha.tacteristica 

Component Transverse Thermal Oracle Teat 
of additive E10 a Rupture (Soldering Iron 'Thmperature 

(V) Strength •C) 
(Kaf7mm.2> 360~ 400°0 450'C 

I 
l 

None 7.7 8.3 27.2 Good Good Good 
None 8.6 3.4 31.8 Good Good Good 
None 11.S 3.4 33.5 "Good Good Good 
None 13.7 a.6 aa.1 Good Good . Good 
None 10.4 3.4 24.2 Good Good No Good 
None 387.0 2.9 16.5 No Good No Good No Good 
None Isolated - 8.8 No Good No Good No Good 



SiC>a is added as a sintering additive. If Si02 is 

contained, it becomes possible to perfo:an stable sintering even 

if composition fluctuates. However, if its amount increases, it 

becomes easy for a the:anal crack to arise. 

Since a thennal crack also arose in the test where the 

temperature of the soldering iron was 360°C, because there was 

too ~ch Si02 , the samples 3-68 and 3-69 are not preferable. 

Therefore, the samples 3-4 and 3-64 to 3-67 where the:anal 

cracks did not arise in the test at the temperature of the 

soldering iron of 360°C and 400°C and the transverse rupture 

strength is 18 kgf /ll'l'Cf or more, are preferable in the present 

invention. This corresponds to the mole percent of s102 

specified in claim 4 7. 

Since a thenna.l crack arose in the sample 3-67 in the 

test where the temperature of the soldering iron was 450°C, the 

samples 3-4 and 3-64 to 3-66 where a thennal crack did not 

arise even in the test at this temperature are more preferable 

in the present invention. This corresponds to the mole percent 

of Si02 specified in claim 50. In addition. the mole percent of 

Si02 near that of the sample 3-4 is most preferable in the 

present invention. Although a dosage of Si02 in the sample 3-64 

is zero nominally, in fact, Si02 is contained in each raw 

material as an impurity, and hence Si02 content of the sample 3-

64 does not become zero. 

Exargple 3-6 

What is perfoJ:med in this example 3-6 is comparison of 
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samples where a kind and an amount of an additive were changed. 

With fixing other parameters such as reoxidation 

processing conditions, A site mole ratios, a mole percent and a 

kind of a semiconductorizing agent, a total A/B, and a mole 

percent of Si02 , and perfonning the same setup as that in the 

example 3-1 except for changing the kind and amount of an 

additive as shown in Table 3-6, samples were produced, wbich 

were measured similarly to those in the example 3-1. The result 

is shown in Table 3-6. 
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!.-.:> 
00 

Sample 
No. 

3·70 
3•71 
3·72 
3·78 
3·74 
a·75 
8·76 
s·77 
3·78 
3·79 
3·80 

Sr mole 
:ratio 

a/(a+b+c) 

0.35 
0.35 
0.85 
0.35 
0.35 
0.35 
0.86 
0.36 
0.35 
0.35 
0.35 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/(a+b+c) 

0.35 0.30 
0.35 0.30 
0.35 o.so 
0.36 .0.30 
0.35 0.30 
O.M o.so 
0.85 o.ao 
0.95 o.so 
0.35 . 0.80 
0.35 0.80 
0.35 0.30 

Table S-6 

Composition. 

Compone Mole%o! Total SiOa 
ntof semieondu A/B mole 

semicond ctor.izing % 
uctorizing a.gent 

agent 
NbO .... 3.00 0.98 0.20 
NbO ... 3.00 0.98 0.20 
NbO ... 3,00 0.98 0.20 
NbO"'* 3.00 0.98 0.20 
Nb Om 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbO..,, 3.00 0.98 0.20 
NbOll/'.l 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbO ... 3.00 0.98 0.20 

Electrical Mechanical Characteristics 
Charact.eristics 

Component Mole% Transverse Thermal Crack 
of adclitive of E1o Cl Rupture Test 

additive (V) Strength (Soldering Iron 
(Kgf/IJlmi) Tem11erature 0 C) 

860"0 400 "0 
MnO 0.01 l&.6 4.0 30.7 Good Good 
MnO 0.08 15.0 4.1 31.3 Good Good 
MnO 0.60 19.6 4.2 31.1 Good Good 
MnO 1.00 26.3 4.4 24.6 Good . Good 
MnO 2.00 Isolated - 17.3 No Good No Good 
Co.QA 0.01 13.1 3.4 25.4 Good Good 
C'.o..QA 0..50 22.1 3.7 32.4 Good Good 
rn.o. 1.00 28.8 lJ.7 24.8 Good Good 
Co50 4 2.00. Isolated - 16.9 No Good No Good. 
MoO. 0.20 . 12.0 3.6 24.7 Good Good 
wo~ 0.20 11.8 8.6 25.1 Good Good 



An additive has the action of adjusting electrical 

characteristics such as the varistor voltage E~ and the 

nonlinear coefficient a. Mn enlarges the varistor voltage E10 

and the nonlinear coefficient a. and Co enlarges vari.stor 

voltage E10 • In add.i tion, 1. t is found that Mo and W have the 

action of enlarging the nonlinear coefficient a. Although not 

shown in Table 3-6. it is found that other elements such as Li, 

Na, Ni, cu. Zn, Sc, Fe, Ga and In also have the same action. 

Since the samples 3-74 and 3-78 had a too large amount of 

dosage, the degree of sintering was blocked and the ceramic was 

insulated by the reoxidation processing. Therefore, the samples 

3-70 to 3-73, 3-75 to 3-77 and 3-79 to 3-·80 each having the 

mole percent to a principal canponent that is 1.00 or less. and 

the transverse rupture strength is 18 kgf./nr.n.2 or more are 

preferable in the present invention. This is included in a kind 

and the mole percent of an additive specifi.ed in claim 51. 

Example 3-7 

What is perfonned in this example 3-7 is canpari.son of 

samples obtained by changing a temperature ~ and a time 

T~ among reoxidation processing conditions. 

With fixing other parameters such as A site mole rati.os, 

a mole percent and a kind of a semiconductorizing agent. a 

total A/B ~ and a mole percent of Si.02 , and perfo::cming the -same 

setup as that in the example 3-1 except for changing the 

reoxidation processing conditions as shown in Table 3-8, 

samples were produced, which were measured sim1.larly to those 
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in the example 3-1. The result is shown in Tables 3-7 and 3-8. 
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Table 8·7 

Reoxidation Electrical Mechanical Characteristics 
Sample Processing Characteristics 

No. Conditions 
Temperature Time Transverse Thermal Crack 

TEM_ TIMro E10 a Rupture Test 
("C) x (V) Strength (Soldering Iron 

(h) (Kgflmm2) 'Thmvera.ture °C) 
360°C 400°C 

8-81 800 0.10 0.68 1.62 10.15 No Good No Good 
3·82 800 0.25 1.07 1.71 10.94 No Good No Good 
3·88 800 0.50 1.53 1.78 11.93 No Good No Good 
3·84 800 1 2 . .27 2.37 12.47 No Good No Good 
3-85 800 2 2.ISO 2.71 12.53 No Good No Good 
3-86 800 4 4.38 2.87 13.45 No Good No Good 
3-87 . 800 8 6.22 3.04 13.Sf! No Good No Good 
8·88 BOO . 16 8.83 3.08 12.35 No Good. No Good 
3·89 800 32 12.53 3.47 11.74 No Good No Good 
3-90 800 64 17.78 3.55 10.58 No Good No Good 
3·91 850 0.10 1.10 1.73 16.31 No Good No Good 
3-92 850 0.25 1.73 1.81 18.Sl Good No Good 
3-93 850 0.50 2.48 2.41 19.37 Good No Good 
8-94 850 1 3.67 2.68 20.25 Good No Good 
3-95 860 2 4.04 2.83 20.35 Good No Good· 
3-96 850 4 7.09 3.12 21.84 Good No Good 
3·97 860 8 10.06 3.56 22.24 Good No Good 
3·98 850 16 14.28 3.63 20.06 Good No Good 
8-99 850 82 20.26 3.78 18.42 Good No Good 

3·100 850 64 28.75 3.85 12.36 No Good No Good 
3·101 900 0.10 2.54 2.72 17.45 No Good No Good 
3·102 900 0.25 3.99 2.74 21.42 Good No Good 
8·103 900 0.50 5.73 3.09 24.13 Good Good 
3·104 900 1 8.47 3.21 24.40 Good Good 
3-105 900 2 9.33 3.35 24.53 Good Good 
3·106 900 4 16.37 3.75 26.32 Good Good 
3·107 900 8 23.23 3.80 26.81 Good Good 
3-108 900 16 32.97 3.85 24.18 Good Good 
3·109 900 32 46.79 3.71 20.28 Good No Good 
3·110 900 64 66.40 3.58 14.90 No Good No Good 
3·111 960 0.10 3.13 2.78 22.13 Good No Good 
3·112 950 0.25 4.92 3.03 26.69 Good Good 
3-113 . 950 0.50 7.06 3.27 28.00 Good Good 
3·114 950 1 10.46 3.34 29.27 Good Good 
3-115 950 2 11.50 3.40 29.42 Good Good 
3·116 960 4 20.18 3.80 31.57 Good Good 
3·117 950 8 28.68 3.86 32.15 Good Good 
3·118 950 16 40.64 3.94 29.00 Good Good 
8·119 950 32 57.67 3.67 22.55 Good No Good 
3-120 950 64 81.85 3.33 17.87 No Good No Good 
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Table 3-8 

Reoxidation Electrical Mechanical Characteristics 
Sample Processin1r Conditions Characteristics 

No. Temperature Time Transverse Thermal Crack 
TEMrox TJMrox E10 tt Rupture· Test 

(°C) (h) (V) Strength (Soldering Iron 
(Kg:f7mm11) 'Thmnerature °C) 

860°0 400°C 
3·121 1000 0.10 3.94 2.99 22.96 Good No Good 
3-122 1000 0.25 6.19 3.08 26.66 Good Good 
3·123 1000 0.50 s.ss·· 3.58 29.06 Good Good 
3-124 1000 1 13.14 3.75 30.37 Good Good 
S-125 1000 2 14.47 3.42 80.53 Good Good 
3·126 1000 4 25.39 2.87 32.76 Good Good 
8·127 1000 8 36.03 3.83 33.36 Good Good 
3·128 .1000 16 51.-13 3.89 30.09 • Good Good 
3·129 1000 32 72.67 3.47 23.40 Good No Good 
3·130 1000 64 102.99 8.06 17.54 No Good No Good 
3·131 1050 0.10 10.62 3.71 18.69 Good No Good 
3·132 1050 0.25 16.70 3.77 20.54 Good No Good. 
3·138 1050 0.50 23.94 3.81 .22.38 Good No Good 
3·134 1050 1 35.43 3.87 23.40 Good No Good 
8·135 106.0 2 39.00 3.35 23.52 Good No Good 
8·136 1050 4 68.42 3.54 23.68 Good No Good 
3·137 1050 8 97.10 3.22 28.81 Good ·No Good 
3·138 1050 16 137.81 2.98 23.18 Good No Good 
3·139 1050 32 195.58 2.79 20.51 Good No Good 
3·140 1050 64 277.58 2.54 14.29 No Good No Good 
3·141 1100 0.10 33.16 3.85 10.39 No Good No Good 
3·142 1100 0.25 52.14 3.71 12.06 No Good No Good 
3·143 1100 0.50 74.75 3.46 13.14 No Good No Good 
3·144 1100 1 110.63 3.10 13.74 No Good No Good 
3·145 1100 2 121.79 2.68 18.81 No Good No Good 
8·146 1100 4 213.66 2.82 14.82 No Good No Good 
3·147 1100 8 303.23 2.31 15.09 No Good No Good 
8·148 1100 16 Upper than 12.61 No Good No Good 

Measuring 
Limit 

3·149 1100 32 Upper than 10.59 No Good No Good 
Measuring 

Limit 
3·150 1100 64 Upper than 10.29 No Good No Good 

Measuring 
Limit 
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As for the notati.on of compositi.on, the content of SrO i.s 

expressed as a moles, the content of Ba.O is b moles, the 

content of Cao is c moles, the content of Ti~ is d moles, the 

content of Nb0512 is f moles, and the content of Si02 is g moles. 

The compositi.on was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, (a + b + 

c}/(d + f) = 0.98, and g/d x 100 = 0.20. In addition, the 

sanq>les were produced under the processing atmosphere that was 

in the air (the partial pressure of oxygen was 0.2 atmospheric 

pressure}. 

The varistor voltage E10 was controlled under this 

reondation processing conditions. When the varistor voltage E10 

was controlled with making the temperature in the reoxidation 

processing TEMx- be a parameter, for example. when the time of 

the reoxidation processing T~ was fixed at two hours and the 

temperature ~was changed from 800°C to ll00°C like the 

samples 3-85, 3-95, 3-105, 3-115, 3-125, 3-135 and 3-145. The 

varistor voltages E10 obtained was between about 2. 5 and 122 V 

inclusive. Here. if conditions were limited to those that a 

thennal crack did not arise even in the test where the 

temperature of the soldering iron was 400°C and the transverse 

rupture strength to bending stress was 18 kgf/nr;r?- or more. the 

vari.stor voltage E10 obtained was between 9. 3 and 14. 5 V 

inclusive. 

However. when the varistor voltage E10 was controlled with 

making the time TI~ be a parameter, for example. when the 
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temperature in the reoxidation processing~ was fixed.at 

950°C and the time TIM:rox was changed from o .1 to 64 hours like 

the samples 3-111 to 3-120, the varistor .voltages E10 obtained 

was between about 3.1 and 81.9 V inclusive. Here. if conditions 

were limited to those tbat a thenna.1 crack did not arise even . 

in the test where the temperature of the soldering iron was· 

400°C and the transverse rupture strength to bending stress·was 

18 kgf/nin2 or more, the varistor voltage Bio· obtained was between 

4.9 and 40.6 V inclusive. 

Namely, by controlling the time of the reoxidation 

processing TIM.mx as a parameter, it becomes possible to obtain 

ceramic having a wide acquisition range of the varistor voltage 

E10 with maintaining sufficient strength to stress at the.time 

of soldering. This corresponds to clailn 42. 

Since the samples 3-81 to 3-91, 3-100, 3-101, 3-110, 3-

120, 3-130 and 3-140 to 3-150 had the transverse rupture 

strength to bending stress being less than 18 kgf /nun2
, these are 

not desirable 1.n respect of strength. 

In the samples 3-92 to 3-99, 3-102 to 3-109, 3-111 to 3-

119, 3-121 to 3-129 and 3-131 to 3-139 except for these samples, 

the transverse rupture strength was 18 kgf /~ and a the:anal. 

crack did not arise in the test where the temperature of the 

soldering iron was 360°C. Therefore, preferable ranges in the 

present invention are those that correspond to these samples, 

that is, 850°C :s: ~ :s: 900°C and o. 25 hour :s: TIM:rax :s: 32 hours, 

and 900°C < TEM.i:ox s 1050°C and o .1 hour s TI~ s 32 hours. This 
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corresponds to claim 40. 

In the samples 3-103 to 3-108, 3-112 to 3-·118 and 3-122 

to 3-128, a thermal crack did not arise in the.test where the· 

temperature of the soldering iron was· 400°C. Therefore,,more·.:. 

preferable ranges in the present invent.ion· are. :·those that · 

correspond to· these samples, that is; 900°C _5; ··~-.s . 950°<:;: and · · · 

0.5 hour :s: TIM.cox :s; 16 hours, and 950°C :SO ~ :s: · 10.00°c and ·0.·25 ·. 

hour s TIM.a. :s: 16 hours. These correspond to .claim. 41. · ~ . ." · 

TliUs, if a value of the varistor vo1tage·is·controlled by 

changing reoxidation processing conditions -without. changing.·the· 

composition, i.t is possible to maintain the .strength of-~the 

ceramic itself in a high level, and to obtain sufficient 

bending strength to bending stress and sufficieQt ···resistance 

over a 10cal thennal. shock at the time of :.soldering.. , Of course. 

it is possible to secure a sufficient nonliliear coefficient a 

in a wide range of varistor voltages, and to lessen·the 

dependency of the varistor voltage to the change of heat 

treatment temperature. Thus, since pract:lcal nonlinear 

coefficient a and suffici.ent strength in a wide range of 

varistor voltages can be obtained in the single composition, it 

becomes unnecessary to prepare various materials and it becomes 

easy to control materials. 

Example 3-8 

What is performed in this example 3-8 is comparison of 

samples obtained by changing a repeat count of thennal 

treatment steps in reoxi.dation processing. 
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With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductorizing agent, a 

total A/B, ·and a mole percent of Si02 and perfonning the same 

~etup as that in the example 3-1 except for· changing the 

reoxidation processing conditions as shown in Table 3-9., 

samples were p:r;oduced, which were measured similarly to those 

in the example 3-1. The composition of each sample is the same 

as that in the example 3-7. The result is shown in Table 3-·9. 
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Table3·9 

Reoxidation Processing Conditions Electrical Mechanical Characteristics 
Sample Characteristics 

No. 'Thmperature Time Unit Repeat Transverse Thermal Oracle 
TEM_ TIM,,,. Time Count Eio u Rupture 'Thst 

(oC) (h) (h) (V) Strength CSoldering Iron 
(Kgf1mmZ) 'Thmnerature "C) 

360«>0 400°0 
3·151 900 4 4 1 16.37 3.75 26.32 Good Good 
8·152 900 8 8 1 23.23 3.80 26.81 Good Good 
3·163 900 12 12 I 28.51 8.83 25.88 Good Good 
3·154 900 16 16 I 32.97 3.86 24.18 Good Good 
3·155 900 20 20 1 36.90 8.89 20.26 Good No Good 
3·166 900 24 24 1 40.46 3.74 19.04 Good No Good 
3·157 900 8 4 2 23.16 3.75 26.73 Good Good 
3·168 900 12 4 3 27.39 3.76 25.72 Good Good 
8·159 900 16 4 4 3L74 3.76 24.03 . Good Good 
3·160 900 20 4 5 36.83 3.88 20.29 Good No Good 

' 3·161 900 24 4 6 38.69 3.73 19.23 No Good No Good 
3·162 950 4 4 1 20.18 3.80 31.57 Good Good 
3·163 960 8 8 1 28.63 3.85 32.15 Good Good 
3·164 950 12 12 I 35.14 3.89 31.04 Good Good 
3·165 950 .16 16 1 40.64 3.94 29.00 Good Good 
3·166 950 20 20 1 45.48 3.87 24.30 Good Good 
3·167 950 24 24 1 49.87 3.83 22.83 Good No Good 
3·168 950 8 4 2 28.89 3.84 32.07 Good Good 
3·169 950 12 4 3 36.32 3.87 30.75 Good Good 
3·170 950 16 4 4 40.53 3.92 29.15 Good Good 
3·1'71 950 20 4 5 45.39 3.81 24.22 Good Good 
3·172 950 24 4 6· 48.79 3.82 22.95 Good No Good 
3·178 1000 4 4 1 25.38 3.83 82.76 Good Good 
3·174 1000 8 8 1 36.02 3.89 33.36 Good Good 
3·175 1000 12 12 I 44.21 3.73 32.21 Good Good 
3·176 1000 16 16 1 61.13 3.69 30.09 Good Good 
3·177 1000 20 20 1 67.22 3.66 25.21 Good No Good 
3·178 1000 24 24 1 62.74 3.58 23.69 Good No Good 
3·179 1000 8 4 2 28.89 3.84 32.07 Good Good 
3·180 1000 12 4 3 44.18 3.78 32.19 Good Good 
3·181 1000 16 4 4 51.38 3.64 30.13 Good Good 
3·182 1000 20 4 6 67.37 3.58 25.37 Good Good 
3•183 1000 24 4 6 61.46 3.52 28.97 Good No Good 

Wi.th fixing the temperature in the reoxidati.on processi.ng 

~ at 950°C and setti.ng the cumulative time T~ at 12 hours, 

the sample 3-164 produced through a single continuous heat 

treatment step was compared. for the varistor voltage E10 with 

the sample 3-169 produced through three times of i.ndependent 

heat treatment steps, where each processing time was 4 hours. 

In consequence, the varistor voltages E10 , transverse rupture 
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strengths, and thermal crack test results that were obtained 

were almost the same. In additi.on, the comparison of the sample 

3-153 and the sample 3-158 that were produced with fixing the 

temperature ~ at 900°C and setting the cumulative time T:IMx­

at 12 hours was also similar to this. 

Therefore, in case of setting the time when the 

transverse rupture strength to a bending stress becomes 18 

kgf/nnt or more when the varistor voltage E10 is controlled with 

making the time of the reoxidation processing T~ be a 

parameter, so long as the cumulative time is the same, it i.s 

possible to obtain ceramic with an wide acquisition range of 

varistor voltage E10 regardless of the repeat count of the heat 

treatment step with maintaining sufficient strength to the 

stress ·at the time of soldering. This corresponds to claim 46. 

According to the above Tables 3-1 to 3-9, it is possible 

to provide a manufacturing method of obtaining vari.stor ceramic, 

which has the above-described preferable range of transverse 

rupture strength and i.s excellent in the the:cmal shock-proof 

property, so long as the composition, content, and reoxidation 

processing conditi.ons of each component are within the range of 

the present invention. 

Fourth &nbod:lment 

Hereafter, the composition of the varistor ceramic 10 in 

this fourth embodiment will be described. 

The varistor ceramic 10 contains a fi.rst component of the 
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compos1.te perovskite which cons1.sts of oxides of Sr, Ba, Ca and 

Ti, at least one component of a second component which cons1.sts 

of at least one kind of oxide selected from oxides of R (Y and 

lanthanoids {La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 'nn, Yb 

and Lu)) and a third component which consists of at least one 

kind of oxide selected from oxides of M (Nb and Ta), and a 

fourth component which consists of an oxide of Si. It is 

assmned that a is the number of moles calculated for Sr of the 

first component as SI:O. b is the number of moles calculated for 

Ba of the f1.rst component as BaO, c is the number of moles 

calculated for Ca of the first component as cao, d is the 

number of moles calculated for Ti of the first component as T1.02 , 

e is the number of moles calculated for R of the second 

component as YOa12 , Ce02 , Pr:01116 , Tb0714 and R0312 (other 

1anthanoids) respectively, f is the number of moles calculated 

for M of the third component as Nb0s12 and Ta0512 respecti.vely, 

and g is the number of moles calculated for Si of the fourth 

component as Si02 • Then, the component of this varistor ceramic 

is 0.10 s a/(a + b + c) s 0.40, 0.30 s b/(a + b + c) s 0.50, 

0.20 < c/(a + b + c) s 0.50, 0.84 s (a + b + c + e)/(d + f) 

s 1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6. 

More preferable ranges of this composition are 0.30 

s a/(a + b + c) s 0.40, 0.30 s b/(a + b + c) s 0.40, 0.25 

s c/(a + b + c) s 0.35, 0.96 s (a + b 10 c + e)/(d + f) s 1.01, 

0.75 s (e + f)/d x 100 s 4.0, and g/d x 100 s 0.3. 

The first component is a main component of the varistor 
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ceramic 10. This first component consists qf, in composite 

perovskite, an A site component of Sr, Ba and Ca, and a B site 

component of Ti. The second and third components are metallic 

oxides that contribute to semiconductorization, and the fourth 

component is mainly added for the improvement of a degree of 

sintering. 

Electrical characteristics as a varistor are mainly 

expressed with a temperature characteristic of a varistor 

voltage E10 and a nonlinear coefficient a. The varistor voltage 

E10 expresses an applied voltage value at the time of 10-mA 

electric current flowing in the varistor, and the nonlinear 

coefficient a is generally expressed in a=l/log (E10/E1 ). Where, 

E1 is an applied voltage value at the time of 1-mA electric 

current flowing in the varistor. 

As for mole ratios of Sr, Ba and ca which are contents of 

the A site component, it is preferable that Sr is set 0.1 or 

more but 0.40 or less, Ba is 0.30 or more but 0.50 or less, and 

Ca is more than O. 20 but O. 5 or less. It is more preferable 

that Sr is set 0.30 or more but 0.40 or less, Ba is 0.30 or 

more but 0.40 or less, and Ca is 0.25 or more but 0.35 or less. 

Then, it becomes possible to enhance the electrical 

characteristics such as the controllability of the varistor 

voltage E10 , the temperature characteristics of the vari.stor 

voltage E10 , and the nonlinear coefficient a, and to enhance the 

themtal. shock-proof property of the varistor. That is, if there 

is too nmch Sr, the temperature characteristic of E10 will 
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become negative. and if too few, strength will drop. In 

addition, if there is too much Ba, the positive trend of 

temperature characteristic of E10 becomes strong too much, and 

if too few, the temperature characteristic of E~ becomes 

negative. Furthennore. even if there is too much ca or too few 

Ca, the nonlinear coefficient a to the varistor voltage E10 

becomes small. In ad.di tion. if there is too much Ca. the 

varistor voltage E10 becomes extremely large to become diffi.cult 

of control, and a base is ma.de an insulator by reoxidati.on. 

The thennal. shock-proof property of a varistor can be 

enhanced by setting the mole percent (calculated with the 

number of moles of metal ions) of a semi.conductor.izing agent 

(the second and/or third components) to the principal component 

(Ti~) to be between O. 75 and 10.0 inclusive, or more preferably 

to be between o. 75 and 4.0 inclusive. That is, even if the 

semiconductorizing agent is too much or too few, strength is 

lowered and a thennal crack easily arises. 

Even if an amount of the fourth component (Si02 ) is 

reduced by perfo.DDi.ng setup so that the total A/B may become 

between 0.84 and 1.16 inclusive, or may more preferably become 

between 0.96 and 1.01 inclusive, it is possible as described 

later to improve a degree of sintering. '!'hat is. this is 

because sintering is blocked even if the total A/B is too large 

or too sma.11, and hence the base is made an insulator owing to 

reoxidation. In addition, even if the total A/B is too large or 

too small, strength is lowered and a thei:ma.l crack easily 
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arises. In a range where an amount of Si~ is few and a lot of 

semiconductorizing agent is added as described above, in order 

to maintain the thennal crack-proof property, it becomes 

indispensable to restrict an upper limit of the total A/B to be 

1.16 or less, or more preferably, to be 1.01 or less. 

The thenna.l shock-proof property of a varistor can be 

sharply enhanced by setting the mole percent of the fourth 

component (Si02) to the principal component (TiOa) to be 0.6 or 

less. or more preferably to be O. 3 or less. That is, Si02 is 

added as a sintering additive and it is possible to stably 

perfo:nn sintering even if composition fluctuates, but however, 

if the amount of Si02 increases, it becomes easy for a theDnal 

crack to arise. It should be noted that the content (mole 

percent) of Si~ of 0.6 or less or of 0.3 or less also includes 

the case where its dosage is zero. 

The varistor ceramic 10 may also contain a fifth 

component (an additive) which consist of at least one kind of 

oxide selected fran among oxides of Li, Na, Mn, Co, Ni, CU, Zn, 

Sc, Fe, Ga, In, Mo and w. Supposi.ng the content is the number 

of moles obtained by converting Li, Na. Mn, Co, Ni, CU, Zn, Sc, 

Fe, Ga, In, Mo and w into Li0112• NaOl/2, MnO, Co04/3• NiO, cuo, 

ZnO, Sc0312 , Fe0312, Ga0312 , In0312 , Mo03 and ""°3, it is preferable 

that the composition i.s o < h/d x 100 ~ 1.000. Thereby, there 

is an effect of improving the nonlinear coefficient a. 

In addition, the varistor ceramic 10 may also contain 

other elements such as P, S, K, Al and Zr as unavoidable 
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1mpurit1es besides such additives. Such elements usually exist 

as oxides. 

As described above, the varistor ceramic 10 is a 

polycrystal consisting of perovskite type crystals. A part of 

each component is contained in the perovskite type crystals 

with being solidly solved in grains, and another part exists in 

crystal grain boundaries as oxides or complex oxides. For 

example, Ba, Ca, S r, Ti, Nb, Ta, Y, lanthanoids and the like 

exist mostly in grains. and Mo, W. Mn, Si. Co and the like 

exist mostly in crystal grain boundaries. 

A mean grain diameter of the varistor ceramic 10 usually 

is about 0.5 to 10 µm, and in particular, 1 to 6 µm. 

Since the electrodes 11 are formed with the material ma.de 

of CU or ma.inly made of Cu, they are hard to be corroded even 

under high temperature, and hence, this can endure hot solder 

work. 

Next, a method of manufacturing this varistor ceramic 10 

will be described. 

The varistor ceramic 10 is obtained by processing raw 

material powder in order of mixing, calcining, grinding, 

fanning, binder removal, reduction sintering, and reoxidation. 

The powder of a compound of each structural element of 

ceramic is usually used for the raw material powder. An oxide 

or a compound which becomes an oxide by sintering, such as 

carbonate and a hydroxide can be used for the raw material 

powder. With citing an example about Ba, at least one kind of 
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barium compounds such as BaC03 • BaSi.03 , Bao, BaClz, Ba( OH} 2 and 

Ba(~h. and alkoxide (for example. (CH30}:J3a} can be used as 

the raw material. The mean particle diameter of raw materi.al 

powder may be usually about 0.2 to 5 µm. 

First, the weighing of the raw material powder is 

perfo:rmed so that the final composition may become the above­

described composition. and usually. wet blending is perfonned. 

Subsequently, after perfcmning dehydrat~on processing. the raw 

material powder is dried and calcining is perfonned at about 

1080 to 1250°C for about 2 to 4 hours. Next. this calcining 

object is ground. 

The grinding time in this grinding is set so that the 

speci.f ic surf ace area of each grain after grinding may become 

between 0.5 and 5.0 m2/g inclusive. Specifically, it is about 1 

to 25 hours. Since the composition-heterogeneity or the 

composition concentration gradient of material do not arise so 

long as the speci.fic surf ace area of each grain after grinding 

i.s 0.5 Jrf/g or more, it is possible to obtain the suffici.ent 

bending strength and thennal shock-proof property of sintered 

ceramic. When the specific surface area exceeds 5. O m2 /g. the 

grinding time becomes long too much, and hence it is 

inefficient on manufacturing. In addition, since i.t becomes 

easy for Ti-rich liquid phase to arise, it becomes easy for the 

partial heterogeneity of composition to arise. Hence the 

specific surface area is made to be 5. o m2 /g or less. 

Thereafter, an organic binder is added to grains after 

144 



this grinding, and further, water, a pH regulator, a 

moisturizer, etc. are added and mixed. Subsequently, a mixture 

is molded. 

This foming is perfonned in conditions where the density 

of a formed object may becane between 2.80 and 3.40 g/an.3 

inclusive. If the density of a formed object is 2.80 g/an3 or 

more, a fault never arises in manufacturing processes since the 

strength of a formed object becomes enough. If the density of a 

fonned object exceeds 3. 40 g/an.3 , the lifetime of fcmning 

equipment and dies becomes short, and hence maintenance cost 

increases to be inefficient on manufacturing. Hence the density 

of a formed object is made to be 3.40 g/an.3 or less. 

Next, the fo:r:med object is sintered at about 1250 to 

1400°C in a reducing atmosphere for about 2 to·4 hours after 

perf onning binder removal processing for semiconductor ceramic 

to be obtained. 

Each raw material· powder such as Nb, Ta, Y, lanthanoids, 

Mo, w, Mn, Si, Co and the like may be added at the time of 

mixing after the calcining. 

'!'he semiconductor ceramic obtained in this manner :Ls 

given heat treatment {reoxi.dation processing) in an oxi.dizing 

atmosphere such as air at the temperature, for example, 800 to 

1000°c,. so that a suitable varistor voltage according to an 

object may be obtained. The insulating layer lOb is fonned on a 

surface portion by thi.s reoxidation processing. Varistor 

characteristics appear owing to the presence of this insulating 
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layer. Generally, the nonlinear coefficient a and var1stor 

voltage become large if this insulating layer 1s thick, and 

they be~ome small if thin. 

Electrodes are fonned on one surface of the varistor 

ceramic after reoxi.dation processing with the material. made of 

Cu or mainly made of Cu, and a varistor is obtained. In the 

embodiment described above, although the electrodes are 

provided in one surface of vari.stor ceramic, electrodes may be 

provided in top and back faces or side faces of the varistor 

ceramic. 

Thus, by performing the grinding so that the specific 

surface area of each grain after grinding may be ma.de to be 0.5 

to 5.0 uf-/g and. fonning the grains so that the density of a 

fonned object may become 2.80 to 3.40 g/an.3 , it becomes possible 

to mai.ntain the strength of the ceramic itself in a high level 

and to obtain sUfficient bending strength to a bending stress 

and suffi.cient resistance over a local thexmal shock at the 

time of soldering. 

In addition, var1.stor ceramic may be manufactured by 

adding a minor component later. Namely, it is also possible to 

weigh and mix raw material powder. to add a part of contents 

after perfonning calcining, to adjust the contents so that the 

powder may have a compos1.tion predetermined, to grind and fo.nn 

the powder, and to perfo.nn the reduction sintering of this 

fozmed object, and the reoxidati.on. 

Hereinafter, the present invention will be described 
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further in detail with reference to examples according to the 

fourth embodiment. 

Exam,ple 4-1 

What is perfonned in this example 4-1 is compari.son of 

samples obtained by fixing other parameters such as a grinding 

time after calcining, a density of a fo:cmed object, a mole 

percent and a kind of a semiconductorizing agent, a tota1 A/B 

ratio, and a mole percent of Si02 , and changing mole ratios of 

an A site component. 

First. after respectively weighing by conversion and 

blending SrC03 , BaC03 , CaC03 • Ti02 , Nb0512 and Si02 as raw material 

so that they might have the composition shown in Table 4-1, 

they were mixed for 10 to 20 hours with using an wet media rni.11, 

dehydrated and dried. 

After calcining a mixture obtained. at 1150°C, the 

mixture was rough-ground, and again, dehydrated and dried after 

being mixed with a wet media rni.11 for 10 to 20 hours. With 

setting the grinding time after calcining at 16 hours, the 

specific surf ace area of each grain after grinding was fixed at 

4.00 m2/g. 

Subsequently, 1.0 to 1.5 wti of polyvinyl alcohol was 

mixed to the mixture as an organic binder to be granulated, and 

the granulated mixture was formed at forming pressure of 2 t/c::ni' 

to become a fonned object having an outer diameter of 12 nun, an 

inside diameter of 9 nm and a thickness of 1.0 nm. The density 

pg of a formed object was fixed at 3.10 g/crcr. 
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After perf o:aning the binder removal processing of this 

fonning object at about 600°C in an air atmosphere, sintering 

was performed for 2 hours at about 1350°C in a reducing 

atmosphere of N2 (95 volume percent) + Hz (5 volume percent) for 

the semiconductor ceramic to be obtained. Subsequently, 2 hours 

reoxidation processing of the semiconductor ceramic was 

perfonned at 950°C in the air in the rise and fall temperature 

speed of 100 to 600°C/h for the varistor ceramic to be obtained. 

Next, Cu paste was applied to one surface of the varistor 

ceramic 10 as shown in Figs. la and lb, in a neutra1 atmosphere, 

three Cu electrodes, although the five electrodes are shown in 

these figures, were fonned by baking the CU paste at 750°C to 

obtain test samples of the varistors for measuring. 

Then, after measuring the voltages E1 and E10 of each 

sample at 20°C, the nonlinear coefficient a was obtained from a 

= 1/log(E10/E1 ) with using the measured voltages E1 and E10 • 

Furthe:cmore, the temperature character.ist.ic (temperature 

coefficient) of the varistor voltage E10 was obtained. Moreover, 

while perfo:aning the theDnal crack test of each sample, the 

transverse rupture strength of each sample was measured. 

The voltages E1 and E10 were measured with using a 

measuring c1.rcui t shown in Fig. 3. In this measuring circuit, 

an anmeter 30 is connected in series between a varistor 31 and 

a DC constant current source 32, and a voltmeter 33 is 

connected in parallel with the varistor 31. The voltages E1 and 

E10 were measured by measuring the voltage values between both 
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tenninals of the varistor 31 when electric cur.rent of 1 mA and 

10 mA flows in the varistor 31 respectively with using the 

ammeter 30 and the voltmeter 33. 

Temperature characteristics (temperature coefficient) 

AEio-r of the varistor voltage E10 were obtained with AE10'1' = 

{E10 (85) - E10 (20) }/{E10 (20) x (85 - 20)} x 100 [%/°CJ about each 

sample. The voltages E10(20) and E10 (85) are the varistor 

voltages Bio at the temperature of 20°C and 85°C respectively. 

These were measured with using a thermostat oven. 

The transverse rupture strength was measured by a 

transverse rupture strength tester such as MODEL-13110 of AIKOH 

ENGINEERING Co., Ltd •. 

The thennal crack test was perfo:aned by contacting a 

soldering iron. where temperature was set beforehand, to the 

electrode side of the sample left at the room temperature. for 

3 seconds with supplying eutectic solder. The temperature of a 

soldering iron was two kinds of temperature. that is. 360°C, and 

400°C were used. Thirty samples were visually inspected for 

cracks with using alcohol. The result is shown in Table 4-1. 

149 



"""' Ot 
0 

Sample 
No. 

4• l 
4·2 
4·3 
4·4 
4·5 
4· 6 
4•7 
4· 8 
4•9 
4·10 
4·11 
4·12 
4•18 
4·14 
4·11> 
4·16 
4•17 
4'18 
4·19 
4·20 
4-91 
4·22 
4·23 
4·24 
4·25 
4·26 
4·27 
4·28 
4·29 
4·80 
4·81 
4·B2 

Sr mole 
ratio 

a/(a+b+cl 

o.so 
o.ao 
o.sr; 
0.35 
0.35 
0.40 
0.40 
0.10 
0.10 

. 0.20 
0.20 
0.20 
0.30 
0.40 
0.50 
1.00 
0.80 
0.60 
o.ao 
o.oo 
0,00 
0.00 
0.00 
0.00 
0.00 
0.80 
0.30 
0.20 
0.60 
0.20 
0.40 
0.20 

Be.m~ Ca mole 
ratio· ~tio 

bJ(a+h+c) c/(a+b+c) 

0.35 0.36 
0.40 0.80 
0.30 0.85 
0.85 0.80 
0.40 0.25 
o.so 0.80 
0.85 0.25 
0.40 -0.50 
0.50 0.40 
o.so .0.50 
0.40 0.40 
0.50 0.30 
0.50 0.20 
0.40 0.20 
0.80 0.20 
0.00 0.00 
0.20 o.oo 
0.50 0.00 
0.80 0.00 
1.00 o.oo 
0.80 0.20 
0.60 0.40 
0.40 0.80 
0.20 0.80 
0.00 1.00 
o.oo 0.20 
0.00 0.50 
o.oo 0.80 
0.20 0.20 
0.60 0.20 
0.20 0.40 
0.20 0.60 

Table 4·1 

C1.nmnnsdtion 
Compone Mole %of Total Si0.1 

ntof 8eDlicond AIB IJlole 
semicond uctorising % 
uctorizing agent 

JHFt:!Dt 

Nbo ... 8.00 0.98 0.20 
NbQ ... 3.00 0.98 0 • .90 
NbQ ... 3.00 0.98 0..20 
NbO .... 3.00 0.98 0.20 
NbO.. .. s.oo 0.98 0..20 
NbO,... 8.00 0.98 0.20 
Nbo ... s.oo 0.98 0.20 
Nbn. .• 8.00 0.98 0.20 
NbQ •• 8.00 0.98 0.20 
NbQ ... s.oo 0.98 0.20 
NbO·- 8.00 0.98 0 . .20 
NbO·- 3.00 0.98 0.20 
NbO ... 3.00 0.98 0.20 
NbO .... 3.00 0.98 0.20 
NbO" s.oo 0.98 0.20 
NbOlll!l 3.00 0.98 0.20 
NbO .... 8.00 0.98 0.20 
NbO..,. 3,00 0.98 0.20 
NbO..,. 8.00 0.98 o.ao 
NbO ... s.oo 0.98 0.20 
NbO,... 3.00 0.98 0.20 
NbO..- 3.00 0.98 0.20 
Nbo ... 3.00 0.98 0.20 
Nbo ••. 3.00 0.98 0.20 
NbO.w S.00 0.98 0.20 
Nb0112 8.00 0.98 0.20. 
NbOllll 3.00 0.98 0.20 
NbO" s.oo 0.98 0.20 
Nb0112 3.00 0.98 0.20 
NbO .... 3.00 0.98 0.20 
Nb01113 3.00 0.98 0.20 
NbO- s.oa 0.98 0.20 

Eleetrlcal Characteri.sti.ee Mechanical Characteristics 
Component Ein 'l\llnperature Transverse Thermal Ora.ck Teat 
of additive Eio a Characteristics Ruptllre (Soldering Iro.n 

(V) AE11Yr (%1•C) Sti'ength 1\!m- ture °C) 
(Kgf/m.mt.) seo•c 400 •c 

None 15.8 3.7 0.01 30.1 Good Good 
None 12.9 3.5 0.02 29.9 Good Good 
None 16.1 4.0 0.00 32.7 Good Good 
None 11.5 3.4 0.01 38.5 Good Good 
Nont 11.6 3.5 0.02 81.8 ('~ Good 
None 11.8 3.7 0.00 Sl.4 Good Good 
None 10.9 8.5 0.01 33.0 Good Good 
Noue 39.9 3.9 0.03 24.0 Good Good 

I 
~ 

None 20.l 3.5 0.04 24.8 Good Good_ 
.Nooe 33.5 4.2. 0.01 25.1 Good Go<¥1 
None 20.6 8.8 0.03 26.0 Good Good t None 15.7 3.4 0.04 27.6 Good Good 
None ll.O 2.8 0.04 28.8 Good Good 
None 10.6 2.8 0.02 29.l Good Good 
None 10.0 2.7 -0.01 28.0 Good Good 

1/ 

' 
None 4.3 2.9 -0.50 24.9 Good Good 
None 4.8 s.o -0.08 24.4 Good. Good 
None 8.0 S.l 0.15 24.2 Good. Good 
None 2.2 2.3 0.71 23.0 Good Good 
NCllle 0.4 1.6 1.20 19.8 C'.nnd No Good 
None 4.6 2.5 0.23 18.5 Good No Good 
None 18A 8.4 0.10 18.a Good No Good 
None 74.0 3.1 0.06 18.1 Good. No Good. 
None 187.0 2.7 0.01 16.8 No Good No Good. 

.. None Isolated. - - 16.5 NoGcod No Good 
None 138.0 2.4 . -0.15 25.4 Good Good 
None 39.5 4.4 -0.08 20.l GQDd No Good. 
None 9.1 3.5 -0.0l 18.6 Good No Good. 
None 9.2 s.a -0.07 26.1 Good Good 
None 9.9 3.Z 0.11 24.9 Good Good 
None 22.0 4.1 -0.03 26.0 Good Good 
None 47.1 2.8 0.00 24.l Good Good 



Mole ratios of the A site component have large influence 

on the electrical characteristic of a varistor, and in 

particular, to the temperature characteristics of the varistor 

voltage E10 • When the temperature characteristic of the voltage 

E10 is negative, the varistor voltage drops in connection with 

the rise of operating temperature, and hence, excessive 

electric current flows to the varistor or a possibility of 

causing a thezmal. runaway exists. Therefore, this is not 

adoptable. Therefore, the samples 4-15 to 4-17, 4-26 to 4-29 

and 4-31 are in ranges where they cannot be used as varistors 

respectively. 

Even if the temperature characteristic of the voltage E10 

is zero or pos.itive, it is not desirable to axceed 0.06, and 

hence, the samples 4-18 to 4-23 and 4-30 are not preferable as 

varistors. 

S.ince being insulated as a whole by reoxi.dation 

processing, the sample 4-25 does not operate as a varistor. In 

addition. since the samples 4-24 and 4-26 contain too much ca, 

their varistor voltages E10 are extremely high, and hence, 

control is difficult. 

Since ca contained is too DRlch or too little although the 

E10 characteristics of the samples 4-13, 4-14 and 4-32 are 0.06 

or less, their nonl.inear coefficients a to the varistor voltage 

E10 are low, and hence they are not preferable. 

Therefore, it can be said that the samples 4-1 to 4-12 

are preferable because the temperature characteristics of the 

151 



varistor voltages E10 are 0.06 or less and the coefficients a to 

the varistor voltages E10 are not so low. This corresponds to A 

site mole ratios specified in claim 54. In this range. no crack. 

arose at the ther.mal crack test where the temperature of the 

soldering iron was 360°C, and furthennore, no crack also arose 

at the thenna.1 crack test where the temperature of the 

soldering iron was 400°C. 

Furthennore, the samples 4-1 to 4-7 whose temperature 

characteristics of the voltages E10 are 0.02 or less are more 

preferable in the present inventi.on. This corresponds to A site 

mole ratios specified in claim 55. In particular, the sample 4-

4 has the best balance of the temperature characteristic of the 

voltage E10 and the nonlinear coeffici.ent a. and the mole ratios 

of the A site component near that of this sample are most 

preferable in the present invention. 

Example 4-2 

What is performed in this example 4-2 is comparison of 

samples obtained by changing an amount of a semiconductorizing 

agent. 

With fixing other parameters such as a grinding time 

after calcining, a densi.ty of a formed object, A site mole 

ratios, a kind of a semiconductorizing agent, a total A/B, and 

a mole percent of Si02 and perfonning the same setup as that in 

the example 4-1 except for changing the mole percent of the 

semiconductorizing agent as shown in Table 4-2, samples were 

produced, which were measured similarly to those in the example 
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4-1. The result is shown in Table 4-2. 
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Sample 
No. 

4·33 
4·34 
4·35 
4·36 
4· 4 
4·37 
4·38 
4·39 

Sr mole 
ratio 

al(a+b+c) 

0.35 
0.35 
0.35 
0.3li 
0.35 
0.85 
0.35 
0.85 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/(a+b+c) 

0.35 o.ao 
0.35 o.so 
0.85 o.ao 
0.35 0.30 
0.35 0.80 
0.35 0.30 
0.35 0.30 

. 0.85 . 0.80 

Table4·2 

Composition 

Compone Mole %of Total SiOe 
ntof semicond A/B mole 

sernicond uctorizing % 
uctorizing agent 

aiient 
Nbo .... 0.10 0.98 0.20 
NbO .. ,.. 0.75 0.98 0.20 
NbO~ 1.00 0.98 0.20 
NbOMI 2.00 0.98 0.20 
NbO..,. 3.00 0.98 0.20 
NbO...., 4.00 0.98 0.20 
NbO,.,., 10.00 0.98 0.20 
NbO.,., .15.00 0.98 0.20 

Electrical 
Characteristics 

Component 
of additive E1c. (X 

(V) 

None 30.2 3.1 
None 16.7 3.8 
None 15.5 3.4 
None 12.4 3.4 
None 11.5 3.4 
None 12.l 8.5 
None 11.5 S.5 
None 14~3 3.3 

Mechanical Charact.eristies . 
Transverse Thermal Crack 

Rupture Test 
Strength (Soldering Iron 
(Kgf/mm2) Temnerature DC) 

aG0°c 400 °C 
17.2 No Good No Good 
27.3 Good Good 
28.6 Good Good 
32.2 Good Good 
33.6 Good Good 
30.5 Good Good 
19.6 Good No Good 
9.9 No Good No Good. 

~ 

i 

~ 
j 
1 
i 
··• I 
j 

1 
! 
:j 



The amount of a semiconductorizing agent affects the 

the:anal crack-proof property of varistor ceramic. Since the 

samples 4-33 and 4-39 have too few and too much 

semiconductorizing agent respectively, thermal. cracks arose in 

the test where the temperature of the soldering iron was 360°C, 

and hence, these are not preferable. Therefore, the samples 4-4 

and 4-34 to 4-38 where thennal cracks did not arise in the test 

where the temperature of the soldering iron was 360°C and the 

traverse rupture strength was 18 kgf /rmf or more are preferable 

in the present invention. This corresponds to the mole percent 

of the semiconductorizing agent specified in claim 54. 

Furthennore, since a thermal. crack arose in the sample 4-

38 in the test where the temperature of the soldering iron is 

400°C, the samples 4-4 and 4-34 to 4-37 where a thennal crack 

did not also ari.se in the test where the temperature of the 

soldering iron was 400°C are more preferable in the present 

inventi.on. This corresponds to the mole percent of the 

semi.conductorizing agent specified in claim 57. In addit1.on, 

the mole percent of the semiconductorizing agent near that _of 

the sample 4-4 is most preferable 1.n the present inventi.on. 

Example 4-3 

What is perfo:nned 1n this example 4-3 is comparison of 

samples where a kind of semiconductori.zing agent was changed. 

With fix1ng other parameters such as a grinding time 

after calcini.ng, a dens1.ty of a fo:nned object, A si.te mole 

ratios, a mole percent of a semiconductorizing agent, a total 
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A/B, and a mole percent of Si02 and perfoDlling the same setup as 

that in the example 4-1 except for changing the kind of the 

semiconductorizing agent as shown in Table 4-3, samples were 

produced, which were measured s1milarly to those in the example 

4-1. The result is shown in Table 4-3. 
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Sample 
No. 

4· 4 
4•40 
4·41 
4·42 
4•48 
-4·44 
4·45 
4·46 
4·47 
4·48 
4·49 
4·50 
4·51 
4-52 
4·53 
4-54 
4·55 

4·56 

Srmoie 
ratio 

aJ(a+b+c) 

0.35 
0.35 
0.85 
0.35 
0.85 
0.35 
0.35 
0.35 
0.36. 
0.85 
0.35 
0.35 
0.35 
0.36 
o.as 
0.35 
0.315 

0.85 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) cl(a+b+c) 

0.35 0.80 
0.35 0.30 
0.35 0.30 
0.36 0.30 
0.35 0.30 
0.35 0.30 
0.35 0.30 
0.35 . 0.30 
0.85 0.30 . 
0.35 0.80 
0.85 0.80 
0.85 0.30 
0.35 0.30 
0.35 0.80 
0.35 0.80 
0.35 0.30 
0.35 0.80 

0.36 0.30 

Table 4·3 

Composition 

Compone Mole%of Total Si Os 
ntof seniicond A/B mole 

aemicond uctorizing % 
uctorizing agent 

agent 
Nb11011 3.00 0.98 0.20 
Ta.O .. 3.00 0.98 0.20 
Y .. O .. a.oo 0.98 0.20 
La110a 3.00 0.98 0.20 
CeOo 3.00 0.98 0.20 

Pr.On 3.00 0.98 0.20 
NdoO. 3.00 0.98. 0.20 
Sm AO .. 3.00 0.98 0.20 
Eu..Oll 3.00 . 0.98 0.20 
GdQO. S.00 0.98 0.20 
Tb .. 07 3.00 0.98 0.20 
DvnO!i 3.00 0.98 0.20 
Ho10a 3.00 0.98 0.20 
Eri10• 3.00 0.98 0.20 
Tm..011 3.00 0.98 0.20 
Yb .. O .. 3.00 0.98 0.20 
Lu.o .. s.oo 0.98 0.20 
NbaOs 
+Y,Oa 3.00 0.98 0.20 
Equal 

numbers 
of moles 

Electrical Mechanical Cbara.cterietics 
Characteristics 

Component Transverse Thermal Crack 
of additive E111 a Rupture 'Thst 

(V) Strength (Soldering Iron 
{Kgemmll) Tem:oerature 0C) 

3eo·c 400°0 
None 11.5 3.4 33.5 Good Good 
None 15.4 3.4 27.5 Good Good 
None 26.6 3.7 32.3 Good Good 
None 15.1 3.0 24;6 Good Good 
None 14.9 3.6 24.9 Good Good 
None 16.2 3.6 26.5 Good Good 
None 16.8 3.7 26.1 Good Good" ! 
None 14.8 8.5 26.9 Good Good 
None. 19.0 8.8 .26.4 Good Good 
None 16.2 3.6 .26.7 Good Good 

l 

I 

I 
None 21.3 3.8 25.1 Good Good 
None 18.S 8.5 26.9 Good Good 
None 25.4 3.6 27.5 Good Good ' None 27.9 4.0 27.9 Good Good 
None 24.1 3.9 27.3 Good Good 
None 29.2 3.9 26.3 Good. Good 
None 28.2 4.1 24.4 Good Good 

None 22.0 4.0 31.7 Good Good 



Since a thennal crack did not arise in the tests where 

the temperature of the soldering iron was 360°C and 400°C and 

the transverse rupture strength was 18 kgf/nn2 or more in all 

the samples 4-4 and 4-40 to 4-56. Hence, it is preferable in 

the present invention to use Nb0512 , Ta0512 , Y0312 , Lao312 , CeOz, 

~6• Nd0312• Sm0312• EU0312•Gd0312• Tb01141 DyOl/2' Ho0312• E~12• 

'.lm0312 , Yb0312 , Lu0312 or Nb0512 + Y0312 (equal. nmnbers of moles) as a 

semi.conductorizing agent. This corresponds to the kind of 

semiconductorizi.ng agent specified i.n claim 54. 

Example 4-4 

What is perfonned in this example 4-4 is comparison of 

samples obtained by changing a total A/B. 

With fixing other parameters such as a grinding time 

after calcining, a density of a formed object, A site mole 

rati.os, a mole percent and a kind of a semiconductorizi.ng agent, 

and a mole percent of Si02, and performing the same setup as 

that in the example 4-1 except for changing the total A/B as 

shown :in Table 4-4, samples were produced, which were measured 

simi.larly to those in the example 4-1. The result is shown in 

Table 4-4. 
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Sample 
No. 

4•57 
4·58 
4·59 
4·4 
4·60 
4·61 
4·62 
4·63 

Sr mole 
ratio 

al(a+b+c) 

0.85 
0.35 
0.35 
0.35 
0.35 
O.So 
0.35 
0.35 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) c/(a+b+c) 

0.35 0.30 
0.35 0.30 
0.35 0.30 
0.31> 0.30 
0.35 0.30 
0.35 0.30 
0.35. 0.30 
0.35 ·. 0.30 

Ta.ble4·4 

Composition 

Com pone Mole%of Total Si02 
ntof aemic:t>nd MB mole 

semicond uct.orizing % 
uctorizing agent 

airent 
NbOwn 3.00 0.80 0.20 
NbO..,. 3.00 0.84 0.20 
NbO..,., 3.00 0.96 0.20 
NbOM 3.00 0.98 ·0.20 
NbO- S.00 1.00 0.20 
NbO""' 8.00 1.02 0.20 
NbOAllt 3.00 1.16 0.20 
NbO., 3.00 1.20 0.20 

Electrical Mechanical Characteristics . 
Chare.cteristice 

Component Transverse Thermal Crack Test 
of additive E10 ex Rupture (Soldering Iron 

(V) Strength Temoerature •c) 
(Kgf/mm2> aoo•c 400"C 

I 
I 

None Isolated - 5.0 No Good No Good 
None 4.4 2.6 23.6 Good No Good 
None 7.0 8.1 31.7 Good Good 
None 11.5 3.4 38.5 Good Good 
None 9.5 3.3 32.0 Good Good 
None 6.3 3.0 27.7 Good Good 
None 51.5 3.2 18.1 Good No Good 
None lsolat.ed - 7.7 No Good No Good 



<7 ==-

The value of the total A/B affects the degree of 

sintering of ceramic. The samples 4-57 and 4-63 have too small 

and too large total A/B respectively, these could not operate 

as varistors because it was impossible to sinter precise 

cerami.c and they were insulated as a whole by reoxidation 

processing. Furthe:cmore, a thermal crack arose when the 

temperature of the soldering iron was 360°C. 

As shown in Table 4-4, in a range where an amount of Si02 

is few and a lot of semiconduotorizing agent is added, in order 

to maintain the the:onal. crack-proof property, it is 

indispensable to especially control an upper limit of the total 

A/B. If the total A/B exceeds 1.16, a thennal crack starts 

arising at 360°C. If the total A/B exceeds 1. 01, a thennal 

crack starts arising at 400°C. 

That is, since a thennal crack did not arise in the test 

where the temperature of the soldering iron was 360°C, and the 

transverse rupture strength was 18 kgf/rrm2 or more, the samples 

4-4 and 4-58 to 4-62 are preferable in the present invention. 

This corresponds to a range of the total A/B specif 1.ed in claim 

54. 

Furthe:onore, since a thennal crack did not arise in the 

test where the temperature of the soldering iron was 400°C, the 

samples 4-4 and 4-59 to 4-61 are more preferable in the present 

invention. 'l'his corresponds to a range of the total A/B 

specified in claim 56. In addition, the vicinity of the total 

A/B where the B site component is a little rich like the sample 
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4-4 is a most preferable range of the present inventi.on. 

Example 4-5 

What i.s performed in this example 4-5 is comparison of 

samples obtained by changing a mole percent of Si.02 • 

With fi.xing other parameters such as a grindi.ng time 

after calcining, a density of a fo:aned object, A site mole 

ratios, a mole percent and a kind of a semiconductorizing agent, 

and a total A/B, and perfo:aning the same setup as that in the 

example 4-1 except for changing the mole percent of Si02 as 

shown in Table 4-5, samples were produced, which were measured 

similarly to those in the example 4-1. The temperature of a 

soldering iron in a theDnal crack test was three kinds of 

temperature, that is, 360°C, 400°C and 450°C. The result is 

shown in Table 4-5. 
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Table 4·5 

Composition Electrical Mechanical Characteristics · 
Sample Characterl1ties 

No. Sr mole Ba mole Ca mole Compo.n.e Mole%of 'lbtal Si02 Component Transverse Thermal Crack Teet 
ratio .ratio ratio nto£ semicond AIB mole of additive E10 a Rupture (Soldering Iron Temperature 

aJ(a+b+c) b/(a+b+c) cl(a+b+c) eemicond uctorizing % (V) Strength DC) 
uctorizing agent (Kgf'/mm'> aG0°c 400°0 4ao•c 

aaent 
4·64 0.35 0.35 0.30 NbO ..... 3.00 0.98 0.00 None 7.7 8.3 27.2 Good Good Good 
4•65 0.8& 0.815 0.30 NbO .... 3.00 0.98 0.10 None 8.5 3.4 31.8 Good Good Good 
4-4 0.85 0.35 0.30 NbO~ 3.00 0.98 0.20 None 11.& 3.4 33.5 Good Goocl Good 
4·66 0.85 0.35 0.30 NbO~,.; 3.00 0.98 0.30 None 18.7 3.6 38.1 Good Good Good 
4·67 0.85 0.85 0.30 NbO""' 8.00 0.98 0.60 None 10.4 8.4 24.2 Good. Good No Good 
4·68 0.85 0.85 0.30 NbO,.., 3.00 0.98 1.00 None 337.0 2.9 16.5 No Good No Good No Good 
4·69 0.35 0.35 0.30 Nb0.111!1 3.00 0.98 1.50 None Isolated - 8.3 No Good No Good No Good 

'""' ~ 
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Si02 is added as a sintering additive. If S:l.02 is 

contained, it becomes possible to stably perfonn sintering even 

if composition fluctuates. However, if its amount increases, it 

becomes easy for a thennal crack to arise. 

Since a thennal crack also arose in the test where the 

temperature of the soldering iron was 360°C, because there was 

too nuch Si02 , the samples 4-68 and 4-69 are not preferable. 

Therefore, the samples 4-4 and 4-64 to 4-67 where the::ana1 

cracks did not arise in the test at the temperature of the 

soldering iron of 360°C and 400°C and the transverse rupture 

strength was 18 kgf/mm2 or more are preferable in the present 

invention. This corresponds to the mole percent of Si.02 

sped.fi.ed 1n claim 54. 

Since a thennal crack arose in the sample 4-67 in the 

test where the temperature of the soldering iron was 450°C, the 

samples 4-4 and 4-64 to 4-66 where a the:cnal crack did not 

arise even in the test at the temperature of the soldering iron 

of 450°C are more preferable in the present invention. This 

corresponds to the mole percent of Si~ specified in claim 58. 

In addition, the mole percent of Si02 near that of the sample 4-

4 is most preferable in the present invention. In additi.on, 

although a dosage of Si02 in the sample 4-64 is zero nominally, 

in fact, s102 is contained in each raw material as an impurity, 

and hence actual s102 content of the sample 4-64 does not become 

zero. 

Example 4-6 
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What is perfo:aned in this example 4-6 is comparison of 

samples where a kind and an amount of an additive were changed. 

With fixing other parameters such as a grinding time after 

calcining, a density of a fanned object. A.site mole ratios. a 

mole percent and a kind of a semi.conductorizing agent, a total 

A/B, and a mole percent of Si02 , and perfonning the same setup 

as that in the example 4-1 except for changing the kind and 

amount of an additive as shown in Table 4-6, samples were 

produced. which were measured similarly to those in the example 

4-1. The result i.s shown in Table 4-6. 
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Sample 
No. 

4,-70 
4·71 
4·72 
4·73 
4·74 
4:"76 
4•76 
4-7'1 
4·78 
4•79 
4·80 

Sr mole 
ratio 

a/(a+b~ 

0.85 
0.35 
0.35 
0.35 
0.86 
0.86 
0.35 
O.S5 
0.35 
0.35 
0.36 

Ba mole Ca mole 
ratio ratio 

b/(a+b+c) cl(a+b.+c) 

O.S& 0.30 
0.36 0.80 
o.as 0.80 
0.35 0.80 
0.36 0.30 
0.85 0.30 
0.31> 0.30 
0.35 0.30 
0.35 . 0.30 
0.35 0.30 
0.31> 0.30 

Table 4·6 

Composition 

Com.pone Mole%of 'lbtal Si Os 
ntof eemicond .A/B mole 

semicond uctorizing % 
uetorizing agent 

airent 

NbOM! 8.00 0.98 0 • .20 
NbO.- 3.00 0.98 0.20 
NbQ ... 3.00 0.98 0.20 
Nbo..,.,· 3.00 0.98 0.20 
Nb0:.12 3.00 0.98 0.20 
NbO ... 3.00 0.98 0.20 
NbO- 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 
NbOe s.oo. 0.98 0.20 
NbO .... 3.00 0.98 0.20 
NbO ..... 3.00 0.98 0.20 

Electrieal 
Charact.erietics 

Component Mole% 
of additive of E,o a 

additive (V) 

MnO 0.01 15.6 4.0 
MnO o.os 15.() 4.1 
MuO 0.60 19.6 4.2 
MnO 1.00 26.3 4.4 
MnO 2.00 Isolated -
CoaOA 0.01 13.l 3.4 
Co,.O .. 0.50 22.1 3.7 
Cn..O. 1.00 28.8 3.7 
Oo,O, 2.00 Isolated -
Moo,. 0.20 12.0 3.6 
wo .. 0.20 11.8 3.6 

Mechanical Characteristics 

Transverse Thermal Crack 
Rupture Teat 
Strength CSoldering Iron 
(Kgf/mm'> Temnerature "C) 

aao •c 400°c 
ao.1 Good Good 
31.3 'Good Good 
31.1 Good Good 
24.6 Good Good 
17.S No Good No Good 
25.4 Good Good 
32.4 Good Good 
24.8 Good Good 
16.9 No Good No Good 
24.7 Good Good 
25.1 Good Good 

II. 
•l 

II 
II 



An ad.di.ti.ve has the action of adjusting electrical 

characteri.stics such as the varistor voltage E10 and the 

nonlinear coefficient a. Mn enlarges the vari.stor voltage E10 

and the nonlinear coefficient a, and Co enlarges varistor 

voltage E10 • In ad.di.ti.on, it is found that Mo and W have the 

acti.on of enlarging the nonlinear coefficient a. Although not 

shown in Table 4-6, it is found that other elements such as Li, 

Na, Ni., CU, Zn. Sc, Fe, Ga and In also have the same action. 

Since the samples 4-74 and 4-78 had a too large amount of 

dosage, the degree of sintering was blocked and the ceramic was 

insulated bY the reoxidation processing. Therefore, the samples 

4-70 to 4-73, 4-75 to 4-77 and 4-79 to 4-80 each having the 

mole percent to a principal component. which is 1.00 or less 

and the transverse rupture strength is 18 kgf./r.rm2 or more are 

preferable in the present invention. This is included in the 

kind and mole percent of an additive specified in claim 59. 

Example 4-7 

What is perfm:med in this example 4-7 is comparison of 

sampl.es where a grind:l.ng t1me after calcining, that is, a 

specific surface area of each grain after grinding, and a 

density of a fonned object were changed. 

With fixing other parameters such as A site mole ratios, 

a mole percent and a kind of a semiconductori.zi.ng agent, a 

total A/B, and a mole percent of Si02 , and performi.n.g the same 

setup as that in the example 4-1 except for changing the 

grinding and fonning conditions as shown in Table 4-7, samples 
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were produced, which were measured similarly to those in the 

example 4-1. The result is shown in Table 4-7. 

Table 4·7 

Grinding Specific Density Density Transverse Thermal Crack 
Sample Time Surface of of Rupture 'lest 

No. After Area Formed Sintered Strength (Soldering Iron 
Presinte (m2/g) Object Object ps (KgDmm2) 'Thm"Derature °C) 
ring(b) pg {g/cm.3) 360 °C 400°C 

(g/cm3> 
4·81 1 0.53 2.60 4.58 15.13 No Good No Good 
4·82 5 2.33 2.60 4.56 15.60 No Good No Good 
4·83 24 4.52 2.60 4.57 14.35 No Good No Good 
4·84 50 7.29 2.60 4.66 14.83 No Good No Good 
4·85 100 10.43 2.60 4.54 12.91 No Good No Good 
4·86 I 0.63 2.80 4.85 19.02 No Good No Good 
4·87 5 2.33 2.80 4.92 18.08 No Good No Good 
4·88 24 4.52 2.80 4.92 19.11 No Good No Good 
4·89 50 7.29 2.80 4.86 19.27 No Good No Good 
4-90 .0 0.23 3.00 . 4.99 22.57 . Good No Good 
4·91 1 0.53 3.00 5.02 .23.60 Good Good 
4-92 5 2.33 3.00 5.01 23.35 Good Good 
4·93 10 3.32 8.00 5.09 24.82 Good Good 
4·94 24 4.52 3.00 5.12 25.41 Good Good 
4-95 50 7.29 3.00 5.11 21.88 Good Good 
4·96 100 10.43 3.00 5.03 22.81 Good No Good 
4·97 0 0.23 3.20 5.03 .25.00 Good No Good 
4·98 I 0.53 3.20 5.10 26.22 Good Good 
4-99 5 2.33 3.20 5.03 25.80 Good Good 

4-100 24 4.52 3.20 5.11 24.65 Good Good 
4·101 50 7.29 8.20 5.16 23.48 Good Good 
4·102 0 0.23 3.40 5.14 26.72 Good No Good 
4·103 l 0.53 3.40 5.23 26.92 Good Good 
4·104 5 2.33 3.40 5.31 28.83 Good Good 
4·105 24 4.52 3.40 5.19 29.88 Good Good 
4·106 50 7.29 3.40 6.34 .27.93 Good Good 
4·107 1 0.53 3.60 5.11 22.98 Good Good 
4·108 5 2.33 3.60 5.22 22.85 Good Good 
4·109 24 4.52 3.60 5.18 23.92 Good Good 
4·110 50 7.29 3.60 5.28 21.86 Good Good 
4·111 100 10.43 3.60 5.13 23.55 Good No Good 

As for the notation of composition, the content of Sl:O is 

expressed as a moles, the content of BaO 1.s b moles, the 

content of cao is c moles. the content of Ti<la is d moles, the 

167 



~ ..... , ...... ....,. ............ 

content of Nb0512 is f moles, and the content of Si02 is g moles. 

'!'.he composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 

c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, (a + b + 

c}/(d + f) = 1.16, and g/d x 100 = 0.30 to produce samples. 

In each sample in this example, the total A/B has 

comparatively large composition as 1.16. 

In the samples 4-81 to 4-85, by changing the grinding 

time after the calcining with 1 to 100 hours with making the 

density of a fo.oned object pg be 2.60 g/an.3 lower than usual. 

The specific surf ace area of the grain after grinding is 

changed with 0.53 to 10.43 uf-/g. In these samples, the 

transverse rupture strength was lower than 18 kgf/nrn.2 , and 

thermal. c.ra.cks arose also in the test where the temperature of 

the soldering iron was 360°C and 400°C. This may be because 

suff1cient bending strength cannot be obtained since the 

dens1ty of a sintered object after sintering cons1derably 

dropped to 4.66 g/an.3 or less due to the low density pg of a 

fanned object. 

In the samples 4-86 to 4-89, the density pg of each 

formed object was made to be 2.80 g/an3 as is usual, and the 

specif i.c surf ace area of each grain after grinding was changed 

w.ith O. 53 to 7. 29 m2 /g. Although bending strength was secured 

as the transverse rupture strength was over 18 kgf /nn{- in these 

samples, thennal. cracks arose in the tests where the 

temperature of the soldering iron was 360°C and 400°C. Since 

requiring the grinding time of 50 hours, the sample 4-89 .is not 
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preferable from the point of manufacturing efficiency. 

In the samples 4-90 to 4-96, the density pg of each 

fm:med object was made to be 3.00 g/cm.3 , and the specific 

surface area of each grain after grinding was changed with 0.23 

to 10. 43 m2 
/ g. In these samples, since the transverse rupture 

strength greatly exceeded 18 kgf/mm2, the bending strength was 

secured. Furthennore, a thennal crack did not arise in the 

tests, where the temperature of the so1dering iron was 360°C and 

400°C, except for the samples 4-90 and 4-96. Since requiring 

the grinding time of 50 hours, the samples 4-95 and 4-96 are 

not preferable from the point of manufacturing effici.ency. 

In the samples 4-97 to 4-101, the density pg of each 

fomted object was made to be 3.20 g/an.3 as is usual, and the 

specific surf ace area of each grain after grinding was changed 

with 0.23 to 7.29 m2/g. In these samples, the transverse 

.rupture strength greatly exceeded 18 kgf/rmr, the bending 

strength was secured. Furthennore. a thennal crack did not 

arise in the tests where the temperature of the soldering iron 

was 360°C and 400°C > except for the sample 4-97. Si.nee 

requiring the grinding time of 50 hours, the sample 4-101 is 

not preferable from the point of manufacturing efficiency. 

In the samples 4-102 to 4-106, the density pg of each 

fonned object was ma.de to be 3.40 g/c:J!l't, and· the specific 

surface area of each grain after grinding was changed with 0.23 

to 7. 29 m2 I g. In these samples, since the transverse rupture 

strength greatly exceeded 18 kgf/nm2, the bending strength was 
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secured. Furthennore. a thennal crack did not ari.se in the 

tests where the temperature of the soldering iron was 360°C and 

400°C, except for the sample 4-102. Since requiring the 

grinding time of 50 hours, the sample 4-106 is not preferable 

from the point of manufacturing efficiency. 

In the samples 4-107 to 4-111. the density pg of each 

fo:nned object was made to be 3.60 g/cm.3 , and the specific 

surface area of each grain after grinding was changed with 0.53 

to 10.43 nt/g. In these samples. the transverse rupture 

strength greatly exceeded 18 kgf/nm2. the bending strength was 

secured. Furthennore, a thermal crack did not arise in the 

tests where the temperature of the soldering iron was 360°C and 

400°C, except for the sample 4-111. However. since it 

remarkably reduces the life of dies to make the densi.ty of a 

fo:cmed object be 3. 60 g/cm.3 , these samples 4-107 to 4-111 are 

not preferable. 

Therefore, by perfo:nning the grinding so that the 

specific surface area of each grain after the grinding may 

become between 0.53 and 4.52 nt/g inclusive, and making the 

density of a fo:cmed object be between 2.80 and 3.40 g/cm.3 

inclusive, it becomes possible to obtain the sufficient bending 

strength and thennal shock-proof property of the sintered 

ceramic. In addition, it becomes possible to avoid such 

inconveni.ence that manufacturing becomes inefficient because 

the grinding time becomes long too much, and maintenance cost 

increases due to the shortening of life of f o:aning equipment 
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and dies. 

Furthex:more. in this example, although a range of the 

specific s~ace area is between 0.53 and 4.52 m2/g inclusive, 

in consideration of an error range of specific surf ace area 

measurement. the preferable range in the present inventi.on 

becomes between o. 5 and 5. o M-Jg inclusive. Thi.s corresponds to 

cl.aims 52 and 53. 

ExmQple 4-8 

What is perfonned in this example 4-8 is comparison of 

samples where a grinding time after calcining, that is, a 

specific surface area of each grain after grinding, and a 

density of a formed object were changed. 

With fixing other parameters such as A site mole ratios, 

a· mole percent and a kind of a semi.conductorizing agent, a 

total A/B, and a mole percent of Si02 , and perfonning the same 

setup as that in the example 4-1 except for changing the 

grinding and fonning conditions as shown in Table 4-8, samples 

were produced, which were measured similarly to those in the 

example 4-1. The result is shown in Table 4-8. 
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Table4·8 

G~ding Specific Density Density Transverse Thermal Crack Test 
Sample Time Surface of of Rupture (Soldering Iron . 

No. After Area Formed Sintered Strength Temperature °C) 
Presinte (m2/g) Object Object ps (Kg!/mm2) 860°C 400°C 
ring (h) pg (gfcm3> 

Wcm.3> 
4·112 1 0.52 2.60 4.55 18.76 No Good No Good 
4·118 0 2.89 2.60 .. 4.61 19.23 No Good No Good 
4·114 24 4.83 2.60 4.59 17.98 No Good No Good 
4·116 50 7.26 2.60 4.63 18.46 No Good No Good 
4·116 100 11.06 2.60 4.70 16.54 No Good No Good 
4·117 1 0.52 2.80 4.83 22.65 Good Good 
4·118 6 2.89 2.80 4.98 24.67 Good Good 
4·119 24 4.83 2.80 4.92 26.31 Good Good 
4·120 .50 7.26 2.80. 4.89 22.90 Good Good 
4·121 0 0.30 3.00 . 4.98 23.20 Good Good 
4·122 1 0.52 3.00 5.05 27.23 Good Good 
4·128 5 2.89 3.00 4.99 26.98 Good Good 
4·124 10 3.32 3.00 5.13 28.45 Good Good 
4•125 24 4.83 3.00 5.08 29.04 Good Good 
4·126 50 7.26 3.00 5.11 .25.46 Good Good 
4·127 100 11.06 3.00 4.99 22.44 Good Good 
4·128 0 0.30 8.20 5.02 28.63 Good Good 
4·129 1 0.52 3.20 5.12 29.85 Good Good 
4·130 5 2.89 3.20 5.09 29.43 Good Good 
4·131 24 4.83 3.20 5.21 .28.28 Good Good 
4·132 50 7.26 8.20 6.16 22.41 Good Good 
4-133 0 0.30 3.40 5.14 30.Si Good Good 
4·134 1 0.52 8.40 5.22 30.53 Good Good 
4·135 5 2.89 3.40 5.25 32.46 Good Good 
4·136 24 4.83 3.40 5.19 33.61 Good Good 
4·137 50 7.26 3.40 5.06 24.38 Good Good 
4·138 1 0.52 3.60 5.44 26.56 Good Good 
4·139 5 2.89 3.60 5.38 26.48 Good Good 
4·140 24 4.83 3.60 6.41 27.55 Good Good 
4·141 50 7.26 3.60 5.13 25.49 Good Good 
4-142 100 11.06 3.60 5.22 28.54 Good Good 

As for the notation of composition, the content of S:rO i.s 

expressed as a moles. the content of BaO is b moles, the 

content of Cao is c moles, the content of Ti.02 is d moles. the 

content of Nt>Os12 is f moles, and the content of Si~ is g moles. 

The composition was fixed as a/(a + b + c) = 0.35, b/(a + b + 
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c) = 0.35, c/(a + b + c) = 0.30, f/d x 100 = 3.00, {a + b + 

c)/(d + f) = 0.98, and g/d x 100 = 0.20 to produce samples. 

Each sample in this example 4-8 has the improved 

composition that the total A/B is 0.98 that is quite lower than 

those of the samples in the example 4-7, and that the mole 

percent of Si~ is O. 2 which is lower than that of the samples 

in the example 4-7. · 

In the samples 4-112 to 4-116. the density pg of each 

formed object was made to be 2. 60 g/an.3 lower than usual, and 

the specific surf ace area of each grain after grinding is 

changed with 0.52 to 11.06 m2/g by changing the grinding t.1me 

after calcining with 1 to 100 hours. In these samples, the 

transverse rupture strength was near 18 kgf/rmf, and thennal 

cracks arose also in the test where the temperature of the 

soldering iron was 360°C and 400°C. This may be because 

sUfficient bending strength could not be obtained since the 

density of a sintered object after sintering considerably 

dropped to 4.70 g/cm.3 or less due to the low density pg of a 

fonned object. 

In the samples 4-117 to 4-120, the density pg of each 

fonned object was made to be 2.80 g/an.3 as is usual, and the 

specif i.c surf ace area of each grain after grinding was changed 

with o. 52 to 7. 26 "{(( /g. The bending strength was secured since 

the transverse rupture strength was over 18 kgf/mm.2 in these 

samples, and a thennal crack did not arise even in the tests 

where the temperature of the soldering iron was 360°C and 400°C. 
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However, since requiring the grinding time of 50 hours, the 

sample 4-120 is not preferable from the point of manufacturing 

effic.1.ency. 

In the samples 4-121 to 4-127, the density pg of each 

foJ:IDed object was made to be 3. 00 g/ an3
, and the specific 

surface area of each grain after grinding was changed with 0.30 

to 11.06 m2/g. In these samples, since the transverse rupture 

strength greatly exceeded 18 kgf/nm2
, the bending strength was 

secured. FurtheDnOre, a the:anal crack did not arise in the 

tests where the temperature of the soldering iron was 360°C and· 

400°C. Nevertheless, since requiring the grinding time of 50 

hours. the samples 4-126 and 4-127 are not preferable from the 

point of manufacturing efficiency. 

In the samples 4-128 to 4-132, the density.pg of each 

foJ:IDed object was made to be 3.20 g/cm.3 as is usual, and the 

specific surf ace area of each grain after grinding was changed 

with 0.30 to 7.26 m2/g. In these samples, since the transverse 

rupture strength greatly exceeded 18 kgf/nm2
, the bending 

strength was secured. Furthe:rmore, a thennal crack did not 

arise in the tests where the temperature of the soldering iron 

was 360°C and 400°C. Since requiring the grinding time of 50 

hours, the sample 4-132 is not preferable from the point of 

manufacturing efficiency. 

In the samples 4-133 to 4-137, the density pg of each 

fonned object was ma.de to be 3.40 g/arr, and the specifi.c 

surface area of each grai.n after grinding was changed with 0.30 
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to 7. 26 n? /g. In these samples, since the transverse rupture 

strength greatly exceeded 18 kgf /mm2
• the bending strength was 

secured. Furthermore. a the:rmal crack did not arise in the 

tests where the temperature of the soldering iron was 360°C and 

400°C. Since requiring the grinding time of 50 hours. tl_le 

sample 4-137·is not preferable from the point of manufacturing 

efficiency .. · 

In the samples 4-138 to 4-142, the density pg of each· 

fo:aned object was made to be 3.60 g/ar, and the specific 

surface area of each grain after grinding was changed with 0.52 

to 11.06 m2/g. In these samples, since the transverse rupture 

strength greatly exceeded 18 kgf /mm2
, the bending strength was 

. secured. Furthei:more, a thennal crack did not arise in the 

tests where the temperature of the soldering iron was 360°C and 

400~C. However, since it remarkably reduces the life of dies to 

make the density of a fo:rmed object be 3.60 g/mf, these samples 

4-138 to 4-142 are not preferable. 

Therefore, by perfonning the grinding so that the 

specific surf ace area of each grain after the grincil.ng may 

become 0.52 to 4.83 m2/g, and making the density of a fonned 

object be between 2. 80 and 3.40 g/cm3 inclusive, it becomes 

possible to obtain the sufficient bending strength and thenna.l 

shock-proof property of the sintered ceramic. In addition, it 

becomes possible to avoid such inconvenience that manufacturing 

becomes inefficient because the grinding time becomes long too 

much, and maintenance cost increases due to the shortening of 
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life of fo.r:ming equipment and dies. 

Furthennore, in this example, although a range of the 

specific surface area 1.s between 0.52 and 4.83 m2/g inclusive, 

in consideration of an e:rror range of specific surf ace area 

measurement,, the preferable range in the present invention 

becomes between 0.5 and 5.0 m2/g inclusive. This co:rresponds to 

claims 52 and 53. 

According to the above Tables 4-1 to 4-8, it is possible 

to provide a manufacturing method of obtaining varistor ceram:i.c 

which is provided with the above-described preferable range of 

transverse rupture strength and is excellent in the thennal 

shock-proof property, so long as the composition, content, 

grinding time after calcining, that is, specific surface area· 

of each grain after the grinding, and density of each fonned 

object of each component are within the range of the present 

invention. 

Many w1de1y different embodiments and examples of the 

present invention may be constructed without departing from the 

spirit and scope of the present invention. It should be 

understood that the present inventiQn is not limited to the 

specifi.c embodiments and examples described in the 

specification, except as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A voltage-dependent nonlinear resistor ceramic of a 

composite perovskite-based semiconductor ceramic containing a 

first component consisting of oxides of Sr, Ba, Ca and Ti, at 

least one component of a second component consisting of at 

least one kind of oxide selected from oxides of R (Y and 

1anthanoids) and a third component consisting of at least one 

kind of oxide selected from oxides Qf M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si., said ceramic 

substantially containing no Mg and having a compositi.on of 0.10 

s a/(a + b + c) s 0. 40, 0.30 ~ b/(a + b + c) s 0.50, 0.20 < 

c/(a + b + c) s 0.50, 0.84 s (a + b + c + e)/(d + f} s 1.16, 

1.0 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6, where a is 

the number of moles calculated for Sr of said first component 

as sro, b is the number of moles calculated for Ba of sai.d 

first component as BaO, c is the number of moles calculated for 

Ca of sai.d first component as cao, d is the number of mol.es 

calculated for Ti of said first component as Ti.Oz, e is the 

number of moles calculated for R of said second component as 

Y0312 , Ce02 , P:r01116 , Tb0714 and R0312 (other lanthanoids) 

respectively, f .is the number of moles calculated for M of said 

third component as Nb0512 and Ta0512 respectively, and g is the 

number of moles cal.culated for Si of said fourth component as 

Si02 • 

2. The voltage-dependent nonlinear resistor ceram1.c as 
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claimed in claim 1, wherein a composition of said first 

component is 0.30 s a/(a + b + c) s 0.40, 0.30 s b/(a + b + c) 

s 0.40, and 0.25 s c/(a + b + c) s 0.35. 

3. The voltage-dependent nonlinear resistor ceram:Lc as 

claimed in claim 1 or 2, wherein a composition of said first 
. 

component and of said at least one component of said second and 

third components is 0.96 s (a + b + c + e)/(d + f) s 1.01. 

4. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 1 to 3, wherein a composition of 

said at least one component of said second and third components 

is 1.0 s (e + f)/d x 100 s 4.0. 

5. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 1 to 4, wherein a composition of 

said fourth component is g/d x 100 s 0.3. 

6. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 1 to 5, wherein said ceramic 

further contains a fifth component consisting of at least one 

kind of oxide selected from oxides of Li, Na, Mn, Co, Ni, cu, 

Zn, Sc, Fe, Ga, In, Mo and W, and wherein a composition of said 

fifth component is o < h/d x 100 s 1.000, where h is the number 

of moles calculated for Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, 

In, Mo and W which are contents of said fifth component, as 
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Li0112 , Na0112 • MnO, Co0413 , NiO, CUO, ZnO, Sc0312 • Fe03/2• Ga03/2• 

In0312 , Mo03 and W03 • 

7. A voltage-dependent nonlinear resistor comprising said 

ceramic as claimed in any one of claims 1 to 6. 

B. The voltage-dependent nonlinear resistor as claimed in 

claim 7, wherein said resistor comprises electrodes fo:nned on 

at least one surface of said ceramic, and wherein said 

electrodes consist of Cu or material mainly made of Cu. 

9. The voltage-dependent nonlinear resistor as claimed 1n 

claim 8, wherein said electrodes consists of a CU alloy. 

10. The voltage-dependent nonlinear resistor as claimed in 

claim 8, wherein said electrodes consist of Cu containing glass 

fr:it. 

11. A voltage-dependent nonlinear resistor ceramic containing 

oxides consisting of at least one kind of Sr, Ba and ca. and T.i, 

sa.id ceramic comprising a surf ace provided with a compressive 

stress. 

12. The voltage-dependent nonlinear resistor ceramic as 

claimed in cl.aim 11, wherein said compressive stress is 15 MPa 

or more when an X-ray stress constant is -100 MPa/degree. 
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13. The voltage-dependent nonlinear resistor ceramic as 

claimed in claim 11, wherein said compressive stress is 25 MPa 

or more when an X-ray stress constant is -100 MPa/degree. 

14. The voltage-dependent nonlinear resistor ceramic as 

claimed in claim 11, wherein said compressive stress is 40 MPa 

or more when an X-ray stress constant is -100 MPa/degree. 

15. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 11 to 14, wherein said ceramic 

contains a first component consisting of oxides of Sr, Ba, ca 

and Ti, at least one component of a second component consisting 

of at least one kind of oxide selected from oxides of R (Y and 

lanthanoids) and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si, wherein values 

of a/(a + b + c}, b/(a + b + c) and c/(a + b + c) in trilinear 

coordinates exist on a line segment connecting a point (0.2. 

0.0, 0.8) and a point {O.O, 0.4, 0.6), or in a range where a/(a 

+ b + c) and b/(a + b + c) are l.arger than said l.ine segment, 

and wherein a composition of said ceramic is 0.84 s (a + b + c 

+ e)/(d + f) s 1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 

100 s 0.6, where a is the nmnber of moles calcul.ated for Sr of 

sai.d first component as SrO, b .is the number of moles 

calculated for Ba of said first component as BaO, c is the 
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number of moles calculated for ca of said first component as 

cao .. d is the number of moles calculated for Ti of said first 

component as Ti02 , e is the number of moles calculated for R of 

said second component as Y0312 , CeOz, Pr01116 , Tb0714 and R0312 (other 

lanthanoids) respectively, f is the number of moles calculated 

for M of said third component as Nb0512 and Ta0512 respectively. 

and g is the number of moles calculated for Si of said fourth 

component as SiOz. 

16. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 11 to 14, wherein said ceramic 

contains a first component consisting of oxides of Sr, Ba, Ca 

and Ti, at least one component of a second component consisting 

of at least one kind of oxide selected from oxides of R (Y and 

lanthanoids) and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si, wherein val.ues 

of a/(a + b + c), b/(a + b + c) and c/(a + b + c) in trilinear 

coordinates exist on a first line segment connecting a point 

(O.S, 0.0, 0.5) and a point (0.2, 0.2, 0.6), a second line 

segment connecting a point (0.2, 0.2, 0.6) and a point (O.l, 

0.4, 0.5), a third line segment connecting a point (O.l, 0.4. 

0.5)° and a point (0.1, o.s, 0.4), or a fourth line segment 

connecting a point {O.l, 0.5, 0.4) and a point (0.2, 0.8, 0.0), 

or a value of a/(a + b + c) exists in a range larger than said 

first to fourth line segments, and wherein a composition of 
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said ceramic is 0.84 s (a+ b + c + e)/(d + f) s 1.16. 0.75 

s (e + f)/d x 100 s 10.0. and g/d x 100 s 0.6. where a is the 

number of moles calculated for Sr of said first canponent as 

SI:O, b is the number of moles calculated for Ba of said first 

component as BaO, c is the number of moles calculated for ca of 

said first component as cao, d is the number of moles 

calculated for Ti of said first component as TiOa. e is the 

number of moles calculated for R of said second component as 

respectively. f is the number of moles calculated for M of said 

third component as Nb0512 and Ta0512 respect! vely, and g is the 

number of moles calculated for Si of said fourth component as 

Si02 • 

17. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 11 to 14, wherein said ceramic 

contains a first component consisting of oxides of Sr. Ba, ca 

and Ti. at least one component of a second component consisting 

of at least one kind of oxide selected from o:xides of R (Y and 

1anthanoids} and a third component consisting of at least one 

kind of oxide selected from oxides of M (Nb and Ta) , and a 

fourth component consisting of an oxide of Si, wherein values 

of a/(a + b + c), b/(a + b + c) and c/(a + b + c) in trilinear 

coordinates exist on a fifth line segment connecting a point 

(0.4, 0.2. 0.4) and a point (0.2, 0.4, 0.4), a sixth 1ine 

segment connecting a point (0.2, 0.4. 0.4) and a point (0.2, 
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o. 5, O • 3) , a seventh line segment connecting a point ( O·. 2, o. 5, 

0.3) and a point (0.3, 0.5, 0.2), an eighth line segment 

connecting a point (0.3, 0.5, 0.2) and a point (0.6, 0.2, 0.2), 

or a ninth line segment connecting a point (0.6, 0.2, 0.2) and 

a point ( O. 4, O. 2, O. 4) , or in a range surrounded by said. fifth 

to ninth line segments, and wherein a composition of said 

ceramic is 0.84 s (a+ b + c + e)/(d + f) ~ 1.16, 0.75 s (e + 

f)/d x 100 s 10.0, and g/d x 100 s 0.6, where a is the number 

of moles calculated for Sr of said first component as SJ:O, b is 

the number of moles calculated for Ba of said first component 

as Bao, c is the number of moles calculated for Ca of said 

first component as Cao, d is the number of moles calculated for 

Ti of said first component as Ti.Oa, e is the number of moles 

calculated for R of said second component as Y0312 • ce02 , Pl:01u,, 

Tb0714 and R0312 (other lanthanoids) respectively, f is the number 

of moles calculated for M of said third component as Nb0512 and 

Ta0512 respectively, and g 1.s the number of moles calculated for 

Si of said fourth component as Si02 • 

18. The voltage-dependent nonlinear resistor ceramic as 

cl.aimed in any one of claims 15 to 17, wherein a composition of 

said first component and said at least one component of said 

second and third components is 0.96 s (a + b + c + e)/(d + f) 

s 1.01. 

19. The voltage-dependent nonlinear res1.stor cerami.c as 
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claimed in any one of claims 15 to 18, wherein a composition of 

said at least one component of said second and third components 

is 0.75 ~ (e + f)/d x 100 ~ 4.0. 

20. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 15 to 19, wherein a composition of 

said fourth component is g/d x 100 ~ 0.3. 

21. The voltage-dependent nonlinear resistor ceramic as 

claimed in any one of claims 15 to 20, wherein said ceramic 

fUrther contains a fifth component consisting of at least one 

kind of oxide selected from oxides of Li, Na, Mn, Co, Ni., CU, 

Zn, Sc, Fe, Ga, In, Mo and W, and wherein a composi.ti.on of said 

fifth component i.s O < h/d x 100 ~ 1.000, where h is the number 

of moles calculated for Li, Na, Mn, Co, Ni, CU, Zn. Sc, Fe, Ga, 

In, Mo and W which a.re contents of said fifth component, as 

22. A manufacturing method of a voltage-dependent nonlinear 

resistor ceramic, comprising a step of perfonning reduction 

sintering to obtain a cerami.c containing oxides of at least one 

kind of Sr, Ba and ca, and Ti, and a step of performing 

reoxidation of said obtained ceramic to generate a compressive 

stress ~n a surface of said ceramic. 
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23. The manufacturing method as claimed in claim 22, wherein 

sai.d method further canprises a step of weighing rawmateri.al 

powder so that a weighed powder has a predetennined composi.tion, 

a step of mixing the weighed powder, a step of perfoDDing 

calcining of the mixed powder, a step of grinding a calcined 

object,, a step of forming the ground object, a step of 

performing the reduction sintering of the fo:aned object, and a 

step of performing the reoxidation of the reduction sintered 

object. 

2·4. The manufacturing method as claimed in any one of claims 

22 and 23, wherein said reducti.on sintering performing step and 

said reoxi.dation perfonning step generate a compressive stress 

of 15 MPa or more in the surface of said ceramic when an X-ray 

stress constant is -100 MPa/degree. 

25. The manufacturing method as claimed in any one of claims 

22 and 23, wherein said reduction sintering perfonning step and 

sai.d reoxidation perfonning step generate a compressive stress 

of 25 MPa or more in the surface of said ceramic when an X-ray 

stress constant is -100 MPa/degree. 

26. The manufacturing method as claimed in any one of claims 

22 and 23, wherein said reduction sintering perfonning step and 

said reoxidation perfo:aning step generate a compressi.ve stress 

of 40 MPa or more in the surface of said ceramic when an X-ray 
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stress constant is -100 MPa/degree. 

27. The manufacturing method as claimed 1n any one of claims 

22 to 26, wherein a temperature in said reoxidation performing 

step is between 850°C and 1050°C inclusive. 

28. The manufacturing method as claimed in any one of claims 

22 to 26, wherein a temperature in said reoxidation performing 

step is between 900°C and 1000°C inclusive. 

29. The manUfacturing method as cl.aimed in any one of claims 

22 to 28, wherein a time of said reoxidation perfonning step is 

32 hours or less. 

30. The manufacturing method as claimed in any one of claims 

22 to 28, wherein a time of said reoxidation perfonning step .is 

between 0.25 hour and 16 hours inclusive. 

31. The manufacturing method as claimed in any one of claims 

22 to 28, wherein a time of said reoxidation perfonning step is 

between 0.5 hour and 8 hours inclusive. 

32. The manufacturing method as claimed in any one of claims 

22 to 31, wherein a partial pressure of oxygen in said 

reoxidati.on perfo:aning step is 0.1 atmospheric pressure or more. 
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33. The manufacturing method as claimed in any one of claims 

22 to 32, wherein said ceramic contains a first component 

consisting of oxides of Sr, Ba, Ca and Ti, at least one 

component of a second component consisting of at least one kind 

of oxide selected from oxides of R (Y and lanthanoids) and a 

third component consisting of at least one kind of oxide 

selected from oxides of M (Nb and Ta), and a fourth component 

consisting of an oxide of Si, wherein values of a/ (a + b + c) , 

b/(a + b + c) and c/{a + b + c) in trilinear coordinates exist 

on a line segment connecting a point (0.2, o.o, 0.8) and a 

point (O.O, 0.4, 0.6), or in a range where a/{a + b + c) and 

b/{a + b + c) are larger than said line segment, and wherein a 

composition of said ceramic is 0.84 s (a + b + c + e)/(d + f) 

s 1.16, 0.75 s {e + f)/d x 100 s 10.0, and g/d x 100 s 0.6, 

where a is the number of moles calculated for Sr of said first 

component as SxO, b is the number of moles calculated for Ba of 

said first component as Bao, c 1.s the number of moles 

calculated for ca of said first component as cao, d is the 

number of moles calculated for Ti of said first component as 

Ti02 , e 1.s the number of moles calculated for R of said second 

component as ~12 , Ce02 , PrOi11,, Tb0,14 and R~12 (other 

1anthanoids) respectively, f is the number of moles calculated 

for M of said thi.rd component as Nb0512 and TaC>i;12 respectively, 

and g is the number of moles calculated for Si of said fourth 

component as Si02 • 
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34. The manufacturing method as claimed in any one of claims 

22 to 32, wherein said ceramic contains a first component 

consi.sting of oxides of Sr, Ba, Ca and Ti, at least one 

component Of a second component consisting of at least one kind 

of oxide selected from oxides of R (Y and lanthanoids) and a 

third component consisting of at least one kind of oxide 

se1ected from oxides of M (Nb and Ta) , and a fourth component 

consisting of an oxide of Si, wherein values of a/(a + b + c), 

b/(a + b + c) and c/(a + b + c) in trilinear coordinates exist 

on a fi.rst line segment connecting a point (0.5, 0.0, 0.5) and 

a point ( o. 2, o. 2, O. 6) , a second line segment connecting a 

point (0.2, 0.2, 0.6) and a point (O.l, 0.4, 0.5), a third line 

segment connecting a point (O.l, 0.4, 0.5) and a point (0.1, 

0.5, 0.4), or a fourth line segment connecting a point (O.l, 

0.5, 0.4) and a point (0.2, 0.8, 0.0), or a value of a/(a + b + 

c) exists in a range larger than said first to fourth line 

segments, and wherein a composition of said ceramic is 0.84 

s (a+ b + c + e)/(d + f) ~·1.16, 0.75 ~ (e + f)/d x 100 ~ 10.0, 

and g/d x 100 ~ 0.6, where a is the number of moles calculated 

for Sr of said first component as SrO, b is the number of moles 

calculated for Ba of said first component as BaO, c is the 

number of moles calculated for ca of said first component as 

ca.a, d is the number of moles calculated for Ti of said first 

component as Ti02 , e is the number of moles calculated for R of 

said second component as Y0312 , Ce02 , Pr01116 , Tb0,14 and R0312 (other 

lanthanoids) respectively. f is the number of moles calculated 
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for M of said third component as Nb0512 and Ta0512 respectively, 

and g is the number of moles calculated for Si of said fourth 

component as Si02 • 

35.. The manufacturing method as claimed in any one of claims 

22 to 32, wherein said ceramic contains a first component 

consisting of oxides of Sr, Ba, Ca and Ti, at least one 

component of a second component consisting of at least one kind 

of oxide selected from oxides of R (Y and lanthanoids) and a 

third component consisting of at least one kind of oxide 

selected from oxides of M (Nb and Ta) , and a fourth component 

consi.sting of an oxide of Si, wherein values of a/(a + b + c), 

b/(a + b + c) and c/(a + b + c) in trilinear coordinates exist 

on a fifth line segment connecting a point (0.4, 0.2, 0.4) and 

a point {0.2, 0.4, 0.4), a sixth line segment connecting a 

point (0.2, 0.4, 0.4) and a point (0.2, 0.5, 0.3), a seventh 

line segment connecting a point (0.2, 0.5, 0.3) and a point 

(0.3, 0.5, 0.2), an eighth line segment connecting a point (0.3, 

0.5, 0.2) and a point (0.6, 0.2, 0.2), or a ninth line segment 

connecting a point (0.6, 0.2, 0.2) and a point (0.4, 0.2, 0.4), 

or in a range surrounded by said fifth to ninth line segments, 

and wherein a composition of said ceramic is 0.84 :s: (a + b + c 

+ e}/(d + f) s 1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 

100 :s: 0.6, where a is the number of moles calculated for Sr of 

sai.d first component as SrO, b is the nmnber of moles 

calculated for Ba of said first component as BaO, c is the 
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number of moles calculated for ca of said first component as 

Cao, d is the number of moles calculated for Ti of said first 

component as Ti02 • e is the number of moles calculated for R of 

said second component as Y0312 , ceo2 • PrOu16 , Tb0,14 and R0312 (other 

lanthanoids) respectively, f is the number of moles calculated 

for M of said third component as Nb0512 and TaOs12 respectively, 

and g is the number of moles calculated for Si of said fourth 

component as Si02 • 

36. The manufacturing method as claimed in any one of claims 

33 to 35, wherein a composition of said first component and 

said at least one component of said second and third components 

is 0.96 s (a + b + c + e)/(d + f) s 1.01. 

37. The manufacturing method as claimed in any one of claims 

33 to 36, wherein a composition of said at least one component 

of said second and third components is 0.75 s (e + f)/d x 100 

s 4.0. 

38. The manufacturing method as c1a1med in any one of claims 

33 to 37, wherein a composition of said fourth component is g/d 

x 100 s 0.3. 

39. The manufacturing method as claimed in any one of claims 

33 to 38, wherein said cerami.c further contains a fifth 

component consisting of at least one kind of oxide selected 
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from oxides of Li, Na, Mn, co. Ni, cu. Zn, Sc, Fe, Ga, In, Mo 

and W, and wherein a composition of said fifth component is O < 

·h/d x 100 ~ 1.000. where h is the mnnber of moles calculated 

for Li, Na, Mn, Co, Ni, Cu, Zn. Sc, Fe, Ga, In, Mo and W which 

are contents of said fifth component. as L10112 • Na0112 , MnO, 

40. A manufacturing method of a voltage-dependent nonlinear 

resistor ceramic, comprising a step of perfo:nn1ng reduction 

sintering to obtain a ceramic containing oxides of at least one 

kind of Sr, Ba and Ca, and Ti, and a step of perfonning 

reox1.dation of said obtained ceram1.c, a temperature in said 

reoxi.dation perfo:nning step being between 850°C and 900°C 

inclusive and a time of said reoxidation perfo:nn1ng step being 

between 0.25 hour and 32 hours inclusive, or a temperature in 

said reoxidation perfonning step being between 900°C and l050°C 

inclusive and a time of said reoxi.d.ation perfo.nning step being 

between 0.1 hour and 32 hours inclusive. 

41. A manufacturing method of a voltage-dependent nonlinear 

resistor ceramic, comprising a step of perfo:nning reduction 

sintering to obtain a ceramic containing oxides of at least one 

kind of Sr, Ba and Ca, and Ti., and a step of perfo.nning 

reoxidation of said obtained ceramic, a temperature in said 

reox1.dation perfo:rming step being between 900°C and 950°C 

inclusive and a time of said reoxidation perf o:mdng step being 
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between 0.5 hour and 16 hours inclusive. or a temperature in 

sa1.d reoxidation perfolllling step being between 950°C and 1000°c 

inclusive and a time of said reoxidation perfo:aning step being 

between 0.25 hour and 16 hours inclusive. 

42. The manufacturing method as claimed in cla1m 40 or 41, 

wherein a time of said reoxidation perfonning step is adjusted 

to control a varistor voltage value. 

43. The manufacturing method as claimed in any one of claims 

40 to 42, wherein said method further comprises a step of 

wei.ghing raw material powder so that a weighed powder has a 

predetennined composition, a step of mixing the weighed powder. 

a step of perfo:aning calcining of the mixed powder, a step of 

grinding a calcined object, a step of fonning the ground object, 

a step of perf onning the reduction sintering of the foDned 

object, and a step of perfo:cming the reoxidation of the 

reduction sintered object. 

44. The manufacturing method as claimed in any one of cla:ims 

40 to 42, wherein said method further comprises a step of 

wei.ghing raw material powder,. a step of mixing the weighed 

powder. a step of perfolllling calcining of the mixed powder, a 

step of adding a part of contents so as to adjust a composi.tion 

of a calcined object to a predetermined component, a step of 

grinding the adjusted object, a step of fonning the ground 
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object, a step 0£ perfonning the reduction sintering of the 

fonned object, and a step of perfoming the reoxidation of the 

reduction sintered object. 

45. The manufacturing method as claimed in any one of claims 

40 to 44,, Wherein said reoxidation perfoming step canprises a 

single continuous heat treatment process. 

46. The manufacturing method as claimed in any one of claims 

40 to 44, wherein said reoxidation perfox:ming step comprises a 

plurality of separate heat treatment processes. 

4 7. The manufacturing method as claimed in any one of claims 

40 to 46,, wherein said ceram1.c contains a first canponent 

consisting of oxides of Sr, Ba, Ca and Ti, at least one 

component of a second canponent consisting of at least one kind 

of oxide selected from oxides of R (Y and lanthanoids) and a 

third component consisting of at least one kind of oxide 

selected from oxides of M (Nb and Ta.) , and a fourth component 

consisting of an oxide of Si, and wherein a canposition of said 

ceramic is 0.30 s a/(a + b + c) s 0.40, 0.30 s b/(a + b + c) 

s 0.40, 0.25 s c/(a + b + c) s 0.35, 0.84 s (a + b + c + e)/(d 

+ f} s 1.16, 0.75 s (e + f)/d x 100 s 10.0, and g/d x 100 s 0.6, 

where a is the number of moles calculated for Sr of said first 

component as SrO, b is the number of moles ca1cu1ated for Ba of 

said first component as Bao, c i.s the number of moles 
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calculated for ca of said first component as Cao, d is 't9e 

number of moles calculated for Ti of said first component as 

Ti02 , e is the number of moles calculated for R of said second 

component as Y0312 , Ce02 , P.r01116 , Tb0714 and R0312 (other 

lanthanoids) respectively, f is the number of moles calculated 

for M of said third component as Nb0512 and Ta0512 respectively, 

and g is the number of moles calculated for Si of said fourth 

component as Si<>z. 

48. The manufacturing method as claimed in claim 4 7, wherein 

a composition of said first component and said at least one 

component of said second and third components is 0.96 s (a + b 

+ c + e)/(d + f) s 1.01. 

49. The manufacturing method as claimed claim 47 or 48, 

wherein a composition of said at least one component of said 

second and third components is 0.75 s (e + f)/d x 100 s 4.0. 

50. The manufacturing method as claimed in any one of claims 

47 to 49, wherein a composition of said fourth component is g/d 

x 100 :s; 0.3. 

51. The manufacturing method as claimed in any one of claims 

47 to 50, wherein said ceramic further contains a fifth 

component consisting of at least one kind of oxide selected 

from oxides of Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, In, Mo 
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and W, and wherein a oomposition of said fifth component is O < 

h/d x 100 s 1.000, where h is the number of moles calculated 

for Li, Na. Mn, Co, Ni, CU, Zn, Sc, Fe, Ga, In, Mo and W which 

are contents of said fifth component, as Li0112 , Na0112 , MnO, 

Co0,13, N10, cuo, ZnO, s~/2, Feo3/2, Ga.03/2, In03/2, Mo03 and ~. 

52. A manufacturing method of a voltage-dependent nonlinear 

resistor ceramic, comprising a step of weighing raw material 

powder containing oxides of at least one kind of Sr, Ba and Ca, 

and Ti so that a weighed powder has a predetemined composition, 

a step of mixing the weighed powder, a step of perfonning 

calcining of the mixed powder, a step of grinding a calcined 

object, a step of forming the ground object, a step of 

perfor.ming reduction sintering of the fonned object, and a step 

of perfoming reoxidation of the reduction sintered object, 

said grinding step being perfonned so that a specific surface 

area of each grain after the grinding becomes between 0.5 and 

5.0 m2/g inclusive, said foming step being perfo.:aned so that a 

density of the fonned object becomes between 2.80 and 3.40 g/crre 

inclusive. 

53. A manUfacturing method of a voltage-dependent nonlinear 

resistor ceramic, comprising a step of weighing raw material 

powder containing oxides of at least one kind of Sr, Ba and Ca. 

and Ti. so that a weighed powder has a predetenni.ned compositi.on, 

a step of mixing the weighed powder, a step of perfonning 
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cal.cining of the mixed powder, a step of adding a part of 

contents so as to adjust a composition of a calcined object to 

a predetennined component, a step of grinding the adjusted 

object, a step of fonning the ground object, a step of 

perfo:oning reduction sintering of the for.med object, and a step 

of perfo:cming reoxidation of the reduction sintered object. 

said grinding step being perf or.med so that a specif i.c surface 

area of each grain after the grinding becomes between 0.5 and 

5.0 n?'/g inclusive, said fo:aning step being perfo:nned so that a 

density of the fonned object becomes between 2.80 and 3.40 g/cm.3 

inclusive. 

54. The manufacturing method as claimed in claim 52 or 53, 

wherein said ceramic contains a f i.rst component consisting of 

oxides of Sr, Ba, Ca and Ti, at least one component of a second 

component consisting of at least one kind of oxide selected 

from oxides of R (Y and lanthanoids) and a third component 

consisting of at least one kind of oxide selected from oxides 

of M (Nb and Ta) , and a fourth component consisting of an oxide 

of Si, and wherein a composition of said ceramic is 0.10 s a/(a 

+ b + c) s 0.40, 0.30 ~ b/(a + b + c) ~ 0.50, 0.20 < c/(a + b + 

c) s 0.50, 0.84 ~ (a+ b + c + e)/{d + f) ~ 1.16, 0.75 ~ (e + 

f)/d x 100 ~ 10.0, and g/d x 100 ~ 0.6, where a is the nmnber 

of moles calculated for Sr of said first component as sro, b is 

the number of moles calculated for Ba of said first component 

as BaO, c is the nmnber of moles calculated for Ca of said 

196 



I lllllll llllll lllll llltl ti 1111 ' 
* C L M S * 

first component as Cao, d is the number of moles calculated for 

Ti of said first component as Ti.02 • e is the number of moles 

ca1culated for R of said second component as Y0312 , Ce02 , PI:01116 • 

Tt>0.,14 and R0312 (other lanthanoi.ds) respectively. f is the number 

of moles calculated for M of said third component as Nb0512 and 

Ta<>s12 respectively, and g is the number of moles calculated for 

Si of said fourth component as Si02 • 

55. The manufacturing method as claimed 1.n claim 54, wherein 

a composition of said first component is 0.30 s a/(a + b + c) 

s 0.40, 0.30 :s:; b/{a + b + c) s 0.40. and 0.25 s c/(a + b + c) 

:s:; 0.35. 

56. The manufacturing method as claimed in claim 54 or 55, 

wherein a composition of said first component and said at least 

one component of sai.d second and third components is 0.96 s (a 

+ b + c + e)/(d + f) s 1.01. 

57. The manufacturing method as claimed in any one of claims 

54 to 56, wherein a composition of said at least one component 

of said second and third components is 0.75 s (e + f)/d x 100 

:s:; 4.0. 

58. The manufacturing method as c1a1med in any one of claims 

54 to 57, wherein a composition of said fourth component is g/d 

x 100 :s:; 0.3. 
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59. The manufacturing method as claimed in any one of claims 

54 to 58, wherein said ceramic further contains a fifth 

canponent consisting of at least one kind of oxide selected 

from oxides of Li, Na, Mn, Co, Ni, Cu, Zn, Sc, Fe, Ga, In, Mo 

and W, and wherein a composition of said fifth component is O < 

h/d x 100 :s: 1.000, where h is the number of moles calculated 

for Li, Na, Mn, Co, Ni, CU, Zn, Sc, Fe, Ga, In, Mo and W which 

are contents of said fifth component, as LiOl/2, Nao1, 2 , MnO, 
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