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DIELECTRIC CERAMIC COMPOSITION AND MONOLITHIC CERAMIC 

CAPACITOR USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a dielectric ceramic 

compos~tion and monolithic ceramic capacitor using the same. 

2. Description of the Related Art 

The conventional ceramic capacitor is usually produced 

by the following process. 

First, a sheet of a dielectric· material coated with an 

electrode material to serve as inner electrodes on its 

surface is prepared. A material essentially composed of 

BaTi03 is used for .the dielectric material. Then, the sheet 

of the dielectric material coated with this electrode 

material is laminated with heat-pressing to a monolithic 

body followed by firing at 1250 to 1350 °C in an atmospheric 

environment to obtain a ceramic monolithic body having inner 

electrodes. A monolithic ceramic capacitor is obtained by 

glazing outer electrodes electrically connected to inner 

electrodes. 

Noble metals such as platinum, gold, palladium or 

silver have been conventionally used for the material of the 

inner electrode of this monolithic ceramic capacitor. 

---·----~-···--
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However, these electrode materials are expensive while 

having excellent characteristics, rendering the production 

cost to be increased. Therefore, a monolithic capacitor 

using base metals such as Ni in the inner electrode is 

currently proposed to reduce the production cost, its 

application in the market being steadily increasing. 

SUMMARY OF THE INVENTION 

In the trend to make electronic appliances compact, 

high performance and low price, the monolithic capacitor is 

strongly required to be low price, to be improved in 

insulation durability, insulating property and reliability, 

and to have a large capacitance." Although it is 

advantageous for reducing the price of the electronic 

appliances to use an inexpensive monolithic ceramic 

capacitor in which nickel is used for the inner electrode, a 

problem that the insulation resistance, insulation 

durability and reliability are extremely deteriorated when 

the electronic appliances are used under a high electric 

field strength because conventional dielectric ceramic 

materials are designed on the premise that they are used 

under a low electric field strength. In other words, there 

has been no monolithic ceramic capacitor being able to use 

under a high electric field strength along with using nickel 

ili1l1i1l1Hii 
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for the inner electrode. 

For example, while the dielectric materials disclosed 

in Japanese Examined Patent Publication No. 57-42588 and 

Japanese Unexamined Patent Publication No. 61-101459 can 

display a large dielectric constant, the grain size of the 

dielectric ceramic is large, thereby exhibiting deficiencies 

such that the insulation durability of the monolithic 

ceramic capacitor becomes low when it is used under a high 

electric field strength or the mean life span under the high 

temperature load test becomes short. 

In the dielectric material disclosed in Japanese 

Examined Patent Publication No. 61-14611, there was a 

deficiency that the dielectric constant, or the 

electrostatic capacitance, is extremely lowered when the 

capacitor is used under a high electric field strength, 

although its dielectric constant.obtained under a low 

electric field strength is as high as 2000 to 2800. It was 

also· a deficiency that the insulation resistance is low. 

The object of the present invention is to provide a 

dielectric ceramic composition capable of forming, for 

example, di~lectric ceramic layers of a monolithic ceramic 

capacitor, wherein the insulation resistance represented by 

a product with the electrostatic capacitance (a product CR) 

is as high as 4900 to 5000 Q·F or more and 200 C·F or more 
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at room temperature and 150 °C, respectively, when the 

capacitor is used under a high electric field strength of, 

for example, as high as about 10 kV/mm, along with having a 

small voltage dependence of the insulation resistance, being 

excellent in stability of the electrostatic capacitance 

against DC vias voltage, being high in the insulation 

durability besides the temperature characteristics of the 

electrostatic capacitance satisfying both of B-level 

characteristic standard stipulated in the JIS Standard and 

X7R-level characteristic standard stipulated in the EIA 

standard and being excellent in weather resistance 

performance shown by a high temperature load test and high 

humidity load test. Another object of the present invention 

is to provide a monolithic ceramic capacitor whose inner 

electrode is constructed of Ni or Ni alloys along with using 

such dielectric ceramic composition as a dielectric ceramic 

layer. 

In a first aspect, the present invention provides a 

dielectric ceramic composition comprising barium titanate 

containing 0.02% by weight or less of alkali metal oxides, 

at least one of either scandium oxide or yttrium oxide, at 

least one kind of compound selected from europium oxide, 

gadolinium oxide, terbium oxide and dysprosium oxide, and 

barium zirconate and manganese oxide, and containing an 
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essential component represented by the following composition 

formula; 

(wherein M203 represents at least one of either Sc203 or Y203 

and ~03 represents at· least one of the compound selected 

from Eu203 , Gd2031 Tb203 and Dy2031 a, f3, y and g. representing 

mole ratio in the range of O.OOls a s 0.05, 0.001 s f3 s 

0.05, 0.005 s y s 0.06, 0.001 < g s 0.13 and a + f3 s 0.06 

with 1.000 <ms 1.035), 

along with containing 0.2 to 3.0 parts by weight of 

either the first or second side component relative to 100 

parts by weight of the essential component, wherein the 

first side component is an oxide represented by Li20 - {Si, 

Ti)02 - MO {wherein MO is at least one of Al203 or Zr02 ) and 

the second side component is an oxide represented by Si02 -

Ti02 - XO (wherein XO is at least one of the compound 

selected from Bao, cao, sro, MgO, zno and MnO). 

In the dielectric ceramic composition described above, 

the essential_ component may further contain h mole ratio of 

magnesium oxide, where 0.001 < g s 0.12, 0.001 < h s 0.12 

and g + h s 0.13 

In the dielectric ceramic composition according to 

· another aspect of the present invention, the essential 

component may be represented by the following composition 



T00462VO.DOC 

- 6 -

formula; 

(BaO).Ti02 + aM203 + f3Bazro, + yMnO 

TH\S SHEET HAS BEEN 
REPLACED 

\ \11\I\\ \Ill\\ \\\\\I\ \II\ 

(wherein M20:i. represents at least one Of either Sc203 or Y20u 

where a, ~ and v representing mole ratio in the range of 

0.001 s a :c_0.06, 0.005 =- fJ :c 0.06 and 0.001 < y s 0.13 with 
~ 

1 • 0 0 0 < $,.:C 1 • 0 3 s ) . 
The essential component may further contain g mole 

ratio of magnesium oxide, where 0.001 < y s 0.12, 0.001 < q 

~ 0.12 and y + q s 0.13 

According to a different aspect of the present 

invention, the essential component may be represented by the 

following composition formula; 

(Bao) .Ti02 + aRzO, + f3BaZrO.s + yMnO 

(wherein R20, represents at least one kind of compound 

selected from Eu2031 Gd20u Tb20:t1 Dy20H Bo2031 Er20,, ~03 and 

Yb203 , where a, ~ and y representing mole ratio in the range 

of 0.001 s a s 0.06, o.oos s ~ s 0.06 and 0.001 < y s 0.13 

with 1.000 <ms 1.025}. 

The essential component may further contain g mole 

ratio of magnesium oxide, where 0.001 s ~ s 0.06, 0.001 < y 

s 0.12, 0.001 < q s 0.12 and y + q s 0.13. 

In the dielectric ceramic composition described above, 

it is preferable that the first side component, when its 

composition is. represented by xLi20-y( Si,,Ti1_v) 02-zMO (wherein 
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x, y and z represent mol% and w is in the range of 0.30 ~ w 

~ 1.00), falls within or on the boundary lines of the area 

surrounded by straight lines connecting each point indicated 

by A {X = 20, y = 80, z = 0), B (x = 10, y = 80, z = 10), C 

(X = 10, y = 70, Z = 20), D (X = 35, y = 45, Z = 20), E (X = 
45, y = 45, z = 10) and F (x = 45, y = 55, z = 0) 

(when the composition falls on the straight line of A - F, w 

is within the area of 0.3 ~ w < 1.0) in the three component 

diagram defined by the apexes corresponding to each 

component. 

In the dielectric ceramic composition described above, 

it is preferable that the second side component, when its 

composition is represented by xSi02-yTi02-zXO (wherein x, y 

and z represent mol%), falls within or on the boundary lines 

of the area surrounded by straight lines connecting each 

point indicated by A (x = 85, y = 1, z = 14), B (x = 35, y = 
51, z = 14), c (x = 30, y = 20, z = 50) and D (x = 39, y = 
1, z = 60) 

in the three component diagram defined by the apexes 

corresponding to each component. 

The second side component contains in total of 15 

parts by weight of at least one of Al203 and zro2 (the 

content of Zr02 is 5 parts by weight or less) relative to 

100 parts by weight of the oxide represented by Si02-Ti02-
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The present invention according to a different aspect 

provides a monolithic ceramic capacitor provided with a 

plurality of dielectric ceramic layers, inner electrodes 
.. 

formed between the ceramic layers and outer electrodes being 

electrically connected to the inner electrodes, wherein the 

dielectric ceramic layers are constructed by the dielectric 

ceramic composition described above and the inner electrodes 

are composed of nickel or a nickel alloy. 

The outer electrode may be provided with a sintered 

iayer of an electroconductive metal powder or an 

electroconductive metal powder supplemented with glass 

frits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing the 

monolithic ceramic capacitor according to one embodiment of 

the present invention. 

FIG. 2 is a plane view showing the dielectric ceramic 

layer portion having inner electrodes of the monolithic 

ceramic capacitor shown in FIG. 1. 

FIG. 3 ~s a disassembled perspective view showing the 

ceramic monolithic portion of the monolithic ceramic 

capacitor shown in FIG. 1. 
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FIG. 4 is a three component phase diagram of Li20-(Si.,, 

T}.01. 
FIG. 5 is a three comP,onent phase diagram of Si02~ 

XO oxides. 

DESCRIPTION OF TBE PREFERRED EMBODIMENT 

The basic construction of the monolithic ceramic 

capacitor according to the first embodiment of the present 

invention will be described hereinafter referring to the 

drawings. FIG. l·is a cross section showing one example of 

the monolithic ceramic capacitor, FIG. 2 is a plane view 

showing the dielectric ceramic portion having inner 

electrodes of the monolithic ceramic capacitor in FIG. 1, 

and FIG. 3 is a disassembled perspective view showing the 

dielectric ceramic portion having inner electrodes of the 

monolithic ceramic capacitor in FIG. 1. 

As shown in FIG. 1, the monolithic ceramic capacitor 1 

ac~ording to the present embodiment is provided with a 

rectangular shaped monolithic ceramic body 3 obtained by 

laminating a plurality of dielectric ceramic layers 2a and 

2b via the inner electrodes 4. An outer electrode S is 

formed on the both side faces of the monolithic ceramic body 

3 so that the outer electrodes are electrically connected to 

each of the specified inner electrodes 4, on which a first 
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plating layer 6 comprising nickel or copper is plated, a 

second plating layer 7 comprising a solder or tin being 

further formed on the first plating layer. 

The method for producing the monolithic ceramic 

capacitor 1 will be next described in the order of 

production steps. 

At first, a raw material powder of barium titanate 

prepared by weighing and mixing in a given composition ratio 

is prepared as an essential component of the dielectric 

ceramic layers 2a and 2b. 

Then, a slurry is prepared by adding an organic binder 

in this raw material powder and, after forming this slurry 

into a sheet, a green sheet for use in the dielectric 

ceramic layers 2a and·2b is obtained. 

Next, an inner electrode 4 comprising nickel or a 

nickel alloy is formed on one principal face of the green 

sheet to serve as the dielectric ceramic layers 2b. Nickel 

or nickel alloys as base metals may be used for the material 

of the inner electrode 4 when the dielectric ceramic layers . 

2a and 2b are formed using the dielectric ceramic 

composition as described above. The inner electrode 4 may 

be formed by a screen printing method, a deposition method 

or a plating method. 

After laminating a required number of the green sheets 
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for use in the dielectric ceramic layers 2b having the inner 

electrodes 4, the green sheets are inserted between the 

green sheets for use in the dielectric ceramic layer 2a 

having no inner electrode, thus obtaining a raw monolithic 

body by press-adhering these green sheets. 

Then, this raw monolithic body is fired at a given 

temperature to obtain a ceramic monolithic body 3. 

The outer electrodes 5 are formed at the both side 

faces of the ceramic monolithic body 3 so as to be 

electrically connected to the inner electrodes 4. The same 

material as used in the inner electrodes 4 can be used for 

the outer electrodes s. While silver, palladium, a silver­

palladium alloy, copper and a copper alloy is available 

besides a composition prepared by adding a glass frit such 

as a B203-Si02-BaO glass or Li20-Si02-BaO glass into these 

metal powders, an appropriate material should be selected by 

taking the application object and application site of the 

monolithic capacitor into consideration. While the outer 

electrodes 5 is formed by coating the ceramic monolithic 

body 3 obtained by firing with a metal powder paste as a raw 

material followed by heat-adhering, it may be formed by 

heat-adhering the metal powder paste simultaneously with the 

ceramic monolithic body 3• 

The first plating layer 6 is then formed by applying a 

iiiii1i11nr 



T00462VO.DOC 

- 12 -

THIS SHEET HAS BEEN 
REPLACED 

I !II/Ill llll/////l /I/ 1111 

plating with nickel or copper on the outer electrode s. 

Finally, the second plating layer 7 comprising a solder or 

tin is formed on the first plating layer 6, thereby 

completing the monolithic capacitor 1. Such process for 

further forming a conductive layer on the outer electrode 5 

may be omitted depending on the application field of the 

monolithic ceramic capacitor. 

By using the dielectric ceramic composition as 

described previously for constructing the dielectric ceramic 

layers 2a and 2b, the characteristic of the dielectric 

ceramic layers is not deteriorated even when it is fired in 

a reducing atmosphere. In other words, such characteristics 

are obtained in which the product between the insulation 

resistance and the electro.static capacitance (a product CR) 

is as high as 4900 to 5000 Q·F or more and 200 Q·F or more 

at room temperature and 150 °C, respectively, wh~n the 

capacitor is used under an electric field strength as high 

as about 10 kV/mm, along with having a small voltage 

dependence of the insulation resistance, the absolute value 

of the capacitance decreasing ratio at an impressed DC 

voltage of 5 kV/mm being as small as 40% to 45%, the 

insulation durability being as high as 12 kV/mm or more 

under an AC voltage and 14 kV/mm under a DC voltage, besides 

its temperature characteristics of the electrostatic 
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capacitance satisfying the B-level characteristic standard 

stipulated in the JIS Standar~ in the temperature range ·of -

25 °c to +85 °C and X7R-level characteristic standard 

stipulated in the EIA standard in the temperature range of -

55 °C to +125 °C and being excellent in weather resistance 

performance shown by a high temperature load test at 150 °C 

and at DC 25 kV/mm and high humidity load test. 

It has been confirmed that, among alkali earth metal 

oxides such as sro and cao existing in barium titanate as 

impurities, alkali metal oxides such as Na20 and K20 and 

other oxides such as Al203 and Si02 , especially the content 

of tQe alkali metal oxides largely influences on the 

electric characteristics. While the specific dielectric 

constant is decreased when the amounts of addition of rare 

specific dielectric constant can be kept to a practically 

acceptable range of 900 to 1600 by keeping the content of 

the alkali metal oxides contained in barium titanate as 

impurities to 0.02% by weight or less. 

Adding an oxide represented by Li20-(Si, Ti)02-MO 

. {wherein MO is at least one of Al203 and Zr02 ) in the 

dielectric ceramic composition allows the composition to be 

sintered at a relatively low temperature of 1300 °C or less, 
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further improving the high temperature load characteristic. 

Adding an oxide represented by Si20-Ti02-xo (wherein XO 

is at least one kind of compound selected from Bao, Cao, 

sro, MgO, zno and MnO) in the dielectric ceramic composition 

allows the composition to be improved in sintering property 

as well as in high temperature load characteristic and 

humidity resistance load characteristic. A higher 

insulation resistance can be obtained by adding Al203 and/or 

Zr02 in the oxide represented by Si20-Ti02-XO. 

(Examples) 

The present invention will now be described in more 

detail by way of examples.. However, the embodiment within 

the scope of the present invention is not limited to these 

examples. 

(Example 1) 

After preparing and weighing TiC14 and Ba(N03 ) 2 having 

a variety of purity as starting materials, the compounds 

were precipitated as titanyl barium oxalate 

(BaTiO(C204 )·4H20) by adding oxalic acid. This precipitate 

was decomposed by heating at a temperature of 1000 °C or 

more to synthesize four kinds of barium titanate listed in 

TABLE 1. 

·-------·--
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Oxides, carbonates or hydroxides· as each component of 

the first side component were weighed so as to be a 

composition ratio (mole ratio) of 0.25Li20-

0 .65 (0.30Ti02·0. 70Si02)-0.10Al20-3 to obtain a powder by 

crushing and mixing. 

Likewise, oxides, carbonates or hydroxides as each 

component of the second side component were weighed so as to 

be a composition ratio (mole ratio) of 0.66Sio2-0.17Ti02-

0.15Ba0-0.02MnO to obtain a powder by crushing and mixing. 

Oxide powders of the first and second side components 

were placed in separate platinum crucibles, respectively, 

and heated at 1500 °C. After quenching and crushing the 

mixture, each oxide powder with a mean particle size of 1 µm 

or less was obtained~ 

In the next step, BaC03 for adjusting the mole ratio 

and Dy203 , and BaZr03 , MgO and MnO, each having a purity of 

99% or more, were prepared. These raw material powders and 

the oxides described above to be either one of the side 

components were weighted so as to form compositions shown in 

TABLE 2 and TABLE 3. The amounts of addition of the first 
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and second side components are indicated by parts by weight 

relative to 100 parts by weight of the essential component 

(Bao).Ti02 + ~o .. + p~o, + yBazro, + 9HBQ.. + hMnO. 

'}fl\~6 

TABLE 2 

TABLE 3 

Organic solvents such as polyvinyl butyral binder and 

ethanol were added to the weighed compounds and the mixture 

was mixed in a ball mill in an wet state to prepare a 

ceramic slurry. This ceramic slurry was formed into a sheet 

by a doctor blade method to obtain a rectangular shaped 

green sheet-with a thickness of 35 µm, followed by printing 

an electroconductive paste mainly composed of Ni on the 

ceramic green sheet to form an electroconductive paste layer 

for forming inner electrodes. 

Then, a plurality of the ceramic green sheets on which 

the electroconductive layer is formed were laminated so that 

the sides where the eiectroconductive paste is projected out 

are alternately placed with each other, thus obtaining a 

monolithic body. This monolithic body was heated at 350 °c 

in a N2 atmosphere and, after allowing the binder to 

decompose, the monolithic body was fired at the temperatures 
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shown in TABLE 4 and TABLE 5 in a reducing atmosphere 

comprising H2-N2-H20 gases under an oxygen partial pressure 

of 10-9 to 10-12 MPa, thereby obtaining a ceramic sintered 

body. 

The both side faces of the ceramic sintered body were 

coated with a silver paste containing B203-Li20-Si02-BaO 

glass frits and fired at a temperature of 600 °C in a N2 

atmosphere, thereby obtaining outer electrodes electrically 

.connected to the inner electrodes. 

The overall dimensions of the monolithic ceramic 

capacitor thus obtained were s.o mm in width, 5.7 mm in 

length and 2.4 mm in thickness while the thickness of the 

dielectric ceramic layer was 30 µm. Total number of the 

effective dielectric ceramic layers were 57, the area of the 

confronting electrode per one layer being 8 • 2 x 1 o-6m2
• 

Electric characteristics of these monolithic ceramic 

capacitors were measured. The electrostatic capacitance (C) 

and dielectric loss (tan 6) were measured using an automatic 

bridge type measuring instrument at 1 kHz, 1 Vrms and 25 °C 

and the dielectric constant (e) was calculated from the 

electrostatic capacitance·. Next, the insulation resistance 

was measured using an insulation resistance tester at 25 °C 

and 150 °C by impressing direct current voltages of 315 v 

(or 10 kV/mm) and 945 V (or 30 kV/mm) for 2 minutes, 
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obtaining a product of the electrostatic capacitance and 

insulation resistance, or a product CR. 

The rate of change of the electrostatic capacitance 

against temperature changes was also measured. The rate of 

change at -25 °C and 85 °C by taking the electrostatic 

. capacitance at 20 °C as a standard (AC/C20), the rate of 

change at -55 °C and 125 °C by taking the electrostatic 

capacitance at 25 °C as a standard (AC/C25) and the maximum 

value of the rate of change <IAClmax) as an absolute value 

were measured as the electrostatic capacitances against 

temperature changes. 

The DC vias characteristic was also evaluated. First, 

the electrostatic capacitance when an AC_voltage of 1 kHz 

and 1 vrms was impressed was measured. Then, the 

electrostatic capacitance when a DC voltage of 150 V and an 

AC voltage of 1 kHz and 1 Vrms were simultaneously impressed 

was measured, thereby the rate of reduction of the 

electrostatic capacitance (AC/C) due to loading the DC 

voltage was calculated. 

In the high temperature load test, a direct current 

voltage of 750 v (or 25 kV/mm) was impressed at 150 °C on.36 

pieces of each sample to measure the time dependent changes 

of the insulation resistance. The time when the insulation 

resistance of each sample was reduced below lO'Q was defined 
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evaluated. 

In the humidity resistance test, the number of the 

test pieces having an insulation resistance of l06Q or less 

among the 72 test pieces were counted after impressing a DC 

voltage of 315 v under an atmospheric pressure of 2 atm 

(relative humidity 100%) at 120 °C for 250 hours. 

Insulation breakdown voltages under AC and DC voltages 

were measured by impressing AC and DC voltages at ·a voltage 

increase rate of 100 V/sec. 

The results described above are listed in TABLE 4 and 

TABLE 5. 

TABLE 4 

TABLE 5 

It is evident from Table 1 to TABLE 5 that the 

monolithic ceramic capacitor according to the present 

invention has a capacitance decreasing ratio of as small as 

within -45% at an impressed voltage of 5 kV/mm and a 

dielectric loss of less than 1.0 %, wherein the rate of 

change of the electrostatic capacitance against temperature 

changes satisfies both the B-level characteristic standard 

--··----------
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stipulated in the JIS standard in the temperature range of -

25 °C to +85 °c and X7R-level characteristic standard 

stipulated in the EIA standard in the temperatu;-e range of -

55 °C to +125 °c. 

Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 C·F or more and 200 C·P or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/nun. The insulation breakdown· v6lta9e also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (BaO).Ti02 + aM20s + f}R20s + 
l).M•O ~~ yBaZrOl + "4JMftO + hMnO (wherein represents at least one 

of either Sc2ol or Y20s and R20 3 represents at least one of 

the compound selected from Eu20,, Gd20H Tb20 1 and Dy20,, a, fi, 
MJ..01 

y, q and h representing mole ratio, respectively), the~ 

content a of less than 0.001 as shown in the sample No. 1 is 

not preferable because the temperature characteristic does 

not satisfy the B-level characteristic I X7R characteristic. 
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tt\.1.0.s On the other hand, the MB,e-3 content a of more than o.os as V 

.. 
shown in the sample No. 2 is also not preferable because the 

specific dielectric constant is reduced to less than 1000. 

Accordingly, the preferable range of the Mn20 3 content .a. is 

0.001 ~ a ~ 0.05. · 

It is not pref arable that the R20, content ~ is less 

than 0.001 as in the sample No. 3 since the insulation 

resistance is so low that the product CR becomes small. It 

is also not preferable that the R20 3 content ~ is more than 

o.os as in the sample No. 4 because the temperature 

characteristic does not satisfy the B-level characteristic I 

X7R characteristic, reducing the reliability. Accordingly, 

the preferable range of the ~ol content f3 is O. 001 ~ f3 :s: 

o.os. 

When the comb,i.ned amount of M20 1 and R20 3 ( ~ + p) is 

more than 0.06, the dielectric loss is increased up to 2.0\ 

while the mean life span is shortened, beinq not. preferable 

since the number of rejects in the humidity resistance load 

test is i~creased. Accordingly, the combined amount of ~03 

and RzOJ (a + ~) is preferably in the ranqe of a + ~ ~ 0.06. 

It is not preferable that, as seen in the sample No. 

6, the BaZr03 content y is zero since the insulation 

resistance becomes low while having a larger voltage 

dependency of the insulation resistance than in the system 
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containing BaZr0.1• on the other hand, when the BaZr0.1 

content y exceeds 0.06 as in the sample No. 7, the 

temperature characteristic does not satisfy the B-level 

characteristic I X7R characteristic, beinq not preferable 

since the mean life span is shortened. Accordingly, the 

preferable ranqe of the BaZr03 content y is 0.005 ~ y ~ 0.06. 

It is not.preferable that, as seen in the sample No. 

e, the MgO content g is 0.001 since the insulation 

resistance becomes low besides th~ temperature 

characteristics noes not satisfy the B-level characteristic 

I X7R characteristic. on the other hand, when the MGO 

content 9 exceeds 0.12 as seen in the. sample No. 9, the 

sintering temperature becomes hiqh and the dielectric loss 

·exceeds 2.0\, which is not preferable because rejections in 

the humidity resistance test are extremely increased while 

shortening the mean life span. According~y, the preferable 
. < range of the MgO content q is O. 001 • q =' O .12. \/ 

It is not preferable that, 'Jts saeA iii tbe sample HQ.. ~ 

~ the MnO content h is 0.001 as seen in the samp1e No. 10 

since the sample becomes not measurable due to semiconductor 

formation. It is not preferable that the MnO content h 

exceeds 0.12, on the other hand, because the temperature 

characteristic X7R is not satisfied along with the 

insulation resistance becomes low and the mean life span 
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becomes short. Accordingly, the preferable MnO content h is 

in the range of 0.001 < h s 0.12. 

It is not preferable that,· as seen in the sample No. 

12, the combined content of MgO and MnO (g + h) exceeds 0.13 

because the dielectric loss is increased to 2.0%, the mean 

life span is shortened and the number of rejects in the 

humidity resistance load test is increased. Accordingly, 

the combined content of MgO and MnO (g + h) is preferably in 

the range of g + h s 0.13. 

It ··is not preferable that the Ba0/Ti02 ratio m is less 

than 1.000 as in the sample No. 13 because measurements are 

impossible due to formation of semiconductors. It is also 

not preferable that, as seen in the sample No. 14, that the 

BaO/Ti02 ratio m is 1.000 since the insulation resistance as 

well as the AC and DC breakdown voltage becomes low along 

with shortening the mean life span. It is not preferable, 

on the other hand, that the Ba0/Ti02 ratio m is over 1.035 

since measurements becomes impossible due to insufficient 

sintering. Accordingly, the BaO/Ti02 · ratio m in the range 

of 1.000 < m $ 1~035 is preferable. 

It is not preferable that the amount of addition of 

the first or second side component is zero as in the samples 

No. 17 and 19 because measurements are impossible due to 

insufficient sintering. When the amount of addition of the 



THIS SHEET HAS BEEN 
REPLACED 

T00462VO.DOC 1111111111111111111111111 
- 24 -

.. 
first or second side component exceeds 3.0 parts by weight 

as seen in the samples No. 18 and 20, the dielectric loss 

exceeds 1.0, and the insulation resistance and insulation 

breakdown voltage are lowered along with shortening the mean 

life span, which are not preferable. Accordingly, the 

preferable content of either the first or the second 

components is 0.2 to 3.0 parts by weight. 

The contents of the alkali')-ar~l(metal oxides 

contained in barium titanate as impurities are suppressed 

below 0.02t by weight because, when the contents of the 

alkali earth metal oxides exceeds o.02% by weight, the 

dielectric constant is decreaseQ. 

(Example 2) 

A starting material Ba01•810·Ti02 + O.Ol0Y20J + 0.02Gd203 + 

O.OlBazro, + O.OSMgO + O.OlMnO (mole ratio) was prepared 

usin~ barium titanat~in TABLE· 1)<.as a·dielectric powder, in 

which Li20-(Si, Ti)02-MO oxide with a mean particle size of 

1 JJ11l or less shown in TABLE 6 prepared by heating at 1200 to 

1500 °C was added as· a first side component. A monolithic 

ceramic capacitor was prepared by the same method as in 

Example 1, except that the starting material as described 

above was used. The overall dimensions of the monolithic 

ceramic capacitor produced are the same as in Example 1. 

-------·---------

·/ 
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TABLE 6 

Then, the electric characteristics were measured by 
· -e~""tt~ L 

the same method as described in)!a~le 1,· The results are 

shown in TABLE 7. 

TABLE 7 

.As is evident from TABLE 6 and TABLE 7, preferable 

results are obtained in the samples No. 101 to 112, 118 and 

120, in which oxides with compositions within or on the 

boundary lines of the area surrounded by the ·straight lines 

connecting each spot indicated by A (X = 20, y = 80, z = O), 

B (X = 10, y = 80, z = 10), C (X = 10, y = 70, z = 20), D (X 

= 35, y = 45, z = 20), E (X =·4s, y = 45, z = 10) and F (X = 

45, y • SS, z = O) in the three component phase diagram of 

the oxides .represented by Li20-(Si.,, Ti1_)02 -MO shown in PIG. 

• are added, wherein the samples have a capacitance 

decreasing ratio of as small as within -4Sa at an impress~d 

voltage of 5 kV/nun and a dielectric loss of 1.0\ or less, 

along with the rate of change of the electrostatic 

capacitance aqainst temperature changes satisfying the B~ 

level characteristic standard stipulated in the JIS standard 

--·-·----··-·--···----

i111u11ur·· 
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in the temperature range of -2S °C to +8S °C and X7R-level 

characteristic standard stipulated in the -EIA standard in 

the temperature range of -SS °C to +12S °C. 

The insulation resistance represented by the product 

CR at 2S °C and lSO °C shows as high values as SOOO C·F or 

more and 200 C·F or more, respectively, when the capacitor 

used under a electric field strength of 10 kV/mm. The 

insulation breakdown voltages are as high as 12 kV/mm or 

more under AC voltage and 14 kV/mm or more under a DC 

voltage. The mean life span is as long as 800 hours or more 

in the acceleration test at lSO °C and DC 2S kV/mm while 

enabling a relatively low firing temperature of 1300 °C or 

less. 

On the contrary, when the Li20-(Si,,, Ti1_w)02-MO oxides 

is outside of the composition range described above, the 

sintering becomes insufficient or many samples are rejected 

in the humidity resistance load test even after sintering in 

the-samples No. 113 to 117 and 119. The samples with the 

composition falling on the line A-F and w = 1.0 as in the 

samples No. 119 ·and 121, the sintering temperature becomes 

high along with causing many rejects in the humidity 

resistance load test. When the value of w is less than 0.30 

as shown in the sample No. 122, the sintering temperature 

becomes high along with causing many rejects in the humidity 
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A starting material Bao1 •010·Ti02 + 0. 01DY203 + 0. 01Eu203 + 

0.01Gd203 + 0.01BaZr03 + O.OSMgO + O.OlMnO (mole ratio) was 

prepared using barium titanate in TABLE lA as a dielectric 

powder, in which oxides represented by Si02-Ti02-XO with a 

mean particle size of 1 µm or less shown in TABLE 8_ prepared 

by heating at 1200 to 1500 °C was added as a second side 

component. A monolithic ceramic capacitor was produced by 

the same method as in Example 1, except that the starting 

material as described above was used. The amounts of 

addition of Al203 and zro2 correspond to the amounts of 

addition relative to 100 parts by weight of the second side 

component ( xsio2-yTi02-zXO) • The overall dimensions of the 

monolithic capacitor produced is the same as in Example 1. 

TABLE 8 

Then, the electric characteristics were measured as in 

Example 1. The results are shown in TABLE 9. 

TABLE 9 

------------



T00462VO.DOC 

·29 -

THIS SHEET HAS BEEN 
REPLACED 

I !II/Ill lllll/ ll/111//11/ 

As is evident from TABLE 8 and TABLE 9, preferable 

results are obtained in the samples No. 201 to 212, in which 

oxides with compositions within or on the boundary lines of . 

the area surrounded by the straight lines connecting each 

spot indicated by A (X = 85, y = 1, z = 14), B (X = 35, y = 
51, z = 14), c (X = 30, y = 20, z = 50) and D (X = 39, y = 
1, z = 60), wherein x, y and z represent mole %, in the 

three component phase diagram of the Si02-Ti02-XO oxides 

shown in FIG. 5 are added, wherein the samples have a 

capacitance decreasing ratio of as small as within -45% at 

an impressed voltage of 5 kV/nun and a dielectric loss of 

1.0% or less, along with·the rate of change of the 

electrostatic capacitance against temperature changes 

satisfying the B-level characteristic standard stipulated in 

the JIS Standard in the temperature range of -25 °C to +85 

°C and X7R-level characteristic standard stipulated in the 

EIA standard in the temperature range of -55 °C to +125 °C. 

When the capacitor is used under a high electric· field 

strength _of 10 kV/mm, the insulation resistance represented 

by the product CR at 25 °C and 150 °C show a high value of 

5000 Q·F or more and 200 Q·F or more, respectively. The 

insulation breakdown voltage also shows high values of 12 

kV/nun or more under the AC voltage and ~4 kV/mm or more 

under the DC voltage •. The mean life span in the 

·-.. 
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800 hours alonq with being free from rejects in t~e humidity 

resistance load test and being possible to sinter at a 

relatively low sintering temperature of 1300 °C. 

In the Si02-Ti02-XO oxide, on the other hand, sinterinq 

becomes insufficient as in samples No. 213 to 219 or rejects 

QCcur in the humidity resistance load test even after 

sinterinq. 

Although a monolithic capacitor having 5400 C·F or 

more and 300 C·F or more of the insulation resistances at 25 

°C and 150 °C, respectively, under the electric field 

strength of 10 kV/mm, the sintering property is extremely 

deteriorated when the amounts of addition of Al20J and· zro2 

exceed 15 parts by weight and 5 parts by weight, 

respectively. 

(Example 4) 

Four kinds of barium titanate (BaTiO)) in TABLE 1, an 

oxide powder as a first side component and an oxide powder 

as a second side component were obtained by the same method 

as in Examp1e l. 

Next, Baco, for adjusting the Ba/Ti mole ratio m of 
. 'b .. \)) barium titanate, and sc20,, "fA, Eu203 , Gd.203 , 'l'b203 and oy203 , 

and BaZrO) and MnO, each havinq a purity of 99% or more, 
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were prepared. These raw material powders and the foregoing 

oxide powder as one of the si~e component of either the 

first.or the second component were weighed to be the 

compositions shown in TABLE 10 and TABLE 11. The amounts of 

addition of the first and second side components correspond 

to the amount of addition relative to 100 parts by weight of 

the essential component (BaO).Ti02 + aM203 + P~03 + yBaZr03 + 

gMnO). A monolithic ceramic capacitor was produced using 

this weighed materials by the same method as in Example 1. 

Overall dimensions of the monolithic ceramic capacitor 

produced is the same as in Example 1. 

TABLE 10 

TABLE 11 

The electric characteristics we~e measured by the same 

method as in Example 1. The results are shown in TABLE 12 

and TABLE 13. 

TABLE 12 

TABLE 13 
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As is evident from TABLE 10 to TABLE 13, the 

monolithic capacitor according to the present invention has 

a capacitance decreasing ratio of as small as within -45% at 

an impressed voltage of 5 kV/mm and a dielectric loss of 

1.0% or less, along with the rate of change of the 

electrostatic capacitance against.temperature changes 

satisfying the B-level characteristic standard stipulated in 

the JIS Standard in the temperature range of -25 °C to +85 

°C and X7R-level characteristic standard stipulated in the 

EIA standard in the temperature range of -55 °C to +125 °C. 

Moreover; when the capacitor is used under a high 

electric field strength of 10 kV/mm, the insulation 

resistance represented by the product CR at 25°C and 150°C 

shows a high value of 4900 '2·F or more and 200 C·F or more, 

respectively. The insulation breakdown voltage also shows 

high values of 12 kV/mm or more under the AC voltage and 14 

kV/mm under the DC voltage. The mean life span in the 

acceleration test at 150°C and DC 25 kV/mm is as long as 800 

hours along with being possible to sinter at a relatively. 

low sintering temperature of 1300°C. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (Ba0) 111Ti02 + aM203 + fi~03 + 

yBaZr03 + gMnO (wherein ~03 represents at least 01fe of 
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either Sc203 or Y203 and Rt03 represents at least one of the 

compound selected from Eu20 31 Gd2031 ~b20.s and Dy20s,. a, fJ, y 
Mt.~ ~ and g representing mole ratio, respectively), the Mft.,03 . 

content a ot less than 0.001 as shown in the sample No. 301 

is not preferable because the temperature characteristic 

does not satisfy the B-level characteristic I X7R 
f'\U>J 

characteristic. On the other hand, the MRz9j content a of 

more than 0.05 as shown in the sample No. 302 is also not 

preferable because the specific dielectric const4nt is 

reduced to less than 900. Accordingly, the preferable range 

of the~ content a is 0.001 s as o.os. 
It is not preferable that the RaO.s content fJ of less 

than 0.001 as in the sample No. 303 since the insulation 

resistance is so low that the product CR becomes small. It 

is also not pr.ef er able that the ~01 content fl is more than 

0.05 as in the sample No. 304 because the temperature 

characteristic does not satisfy the B-level characteristic I 

X7R characteristic, reducing the reliability. Accordin9ly, 

the preferable range of the Rz03 content I! is o • O o 1 :s: ~ :s: 

o.os. 
When the combined amount of M203 and R203 (a + IS) is 

more than 0.06 as in the sample No. 305, the d~electric loss 

is increased up to 2.0, while the mean life span is 

shortened, being not preferable since the number of rejects 
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in the humidity resistance load test is increased. 

Accordinqly, the combined amount of M201 and Rz01 (a + fl) is 

preferably in the range of a + p $ 0.06. 

It is not preferable that, as seen in the sample Ro. 

306, the BaZr03 content y is zero since the.insulation 

resistance becomes low while havinq a larger voltage 

dependency of the insulation resist~nce than in the system 

containing Bazro,. On the other hand, when the BaZrO, 

content y exceeds 0.06 as.in the sampl~ No. 307, the 

temperature characteristic does not sat.isfy the B-level 

characteristic I X7R characteristic, beinq not preferable 

since the mean life span is shortened. Accordingly, the 

preferable range of the BaZr01 content y is ·o.oos s y $ 0.06. 

It is not preferable that, as seen in the sample No. 
~'ft\l 

308, the H90-content g is 0.001 since measurements are 

impossible due to semiconductor formation. On the other 
"""' C;) • hand, it is not preferable that th~ HgQ. content.9 exceeds , 

0.13 as seen in the sample No. 309 because the t~perature 

characteristic X7R is not satisfied besides the insulating 

resistance is low and the mean life span becomes short. 
f"\"'O / Accordingly, the preferable range of the...KgO content g is .r 

<.. 
0.001 ~ g ~ 0.13. \../" 

It is not preferable that the BaO/Ti02 ratio m is less 

than l.000 as in the sample No. 310 because measurements are 
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impossible due to formation of semiconductors. It is also 

not preferable that, as seen in the sample No. 311, the 

BaO/Ti02 ratio m is 1.000 since the insulation resistance as 

well as the AC and DC breakdown voltage becomes low along 

with shortening the mean life span. It is not preferable, 

on the other hand, that the BaO/Ti02 ratio m is over 1.035 

as in the samples No. 312 and 313 since measurements becomes 

impossible due to insufficient sintering. Accordingly, the 

BaO/Ti02 ratio m in the range of 1.000 < m ~ 1.035 is 

preferable. 

It is not preferable that the amount of addition of 

the first or second side component is zero as in the samples 

No. 314 and 316 because measurements are impossible due to 

insufficient sintering. It is not preferable that the 

amount of addition of the first or second side component 

exceeds 3.0 parts by weight as seen in the samples No. 315 

and 317, the ·dielectric loss exceeds 1.0% and.the insulation 

resistance and insulation breakdown voltage are lowered 

along with shortening the mean life span. Accordingly, the 

preferable content of either the first or the second 

components is 0.2 to 3.0 parts by weight. 

The contents of the alkali earth metal oxides 

contained in barium titanate as impurities are suppressed 

below 0.02% by weight because, when the contents of the 

--···-·-------~···----
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alkali earth metal oxides exceeds 0.02% by weight as in the 

sample No. 318, the dielectric constant is decreased. 

{Example 5) 

A starting material of the composition of Bao1 •010·Ti02 + 

0.01Y203 + 0.02Dy203 + 0.01BaZr03 + 0.06Mn0 {mole ration) was 

prepared using barium titanate in TABLE lA as a dielectric 

powder, in which oxides represented by LI20-(Si, Ti)02-MO 

with a mean particle size of 1 µm or less shown in TABLE 6 

prepared by heating at 1200 to 1500 °C was added as a first 

side component. A monolithic ceramic capacitor was produced 

by the same method as in Example 1, except that the starting 

material as described above was used. The overall 

dimensions of the monolithic capacitor is the same as in 

Example 1. The electric characteristics were measured by 

the same method as in Example 1. The results are shown in 

TABLE 14. The samples No. 401 to 422 in TABLE 14 correspond 

to the samples No. 101 to 122 in TABLE 6, respectively, 

wherein, for example, the side component in the sample No. 

101 in TABLE 6 is added to the sample No. 401 in TABLE 14. 

TABLE 14 

As is evident from TABLE 14, preferable ·results are 

obtained in the samples ·No. 401 to 412, 418 and 420, in 
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which oxides in the samples Ho. 101 to 112, 118 and 120 in 

TABLE 6 with compositions within or on the boundary line of 

the area surrounded by the straight lines connecting each 

spot indicated by A (X = 20, y = 80, z = O), B (X = 10, y = 
80, z = 10), C (X = 10, y = 70, z = 20), D. (X = 35, y = 45, 

z = 20), E (X = 45, y = 45, z = 10) and F (X = 45, y = 55, z 

= 0), wherein x, y and z represent mole% and w is mole 

ratio, in the three component phase diagram of the Li20-

( Si.,, Ti1_,,) 0 2-MO oxides shown in FIG. 4 are added, wherein 

the samples have a capacitance decreasing ratio of as small 

as within -40% at an impressed voltage of 5 kV/mm and a 

dielectric loss of 1.0% or less, along with the rate of 

change of the electrostatic capacitance against temperature 

changes satisfying the B-level characteristic standard 

stipulated in the JIS Standard in the temperature range of -

25 °C to +85 °C and X7R-level characteristic standard 

stipulated in the EIA standard in the temperature range of -

55 °C to +125 °C. 

When the capacitor is used under a high electric field 

strength of 10 kV/mm, the insulation resistance represented 

by the product CR at 25 °C and 150 °C show a high value of 

4900 Q·F or more and 200 Q·F or more, respectively. The 

insulation breakdown voltage also shows high values of 12 

kV/mm or more under the AC voltage and 14 kV/mm under the DC 

111m1i111~r 
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vo'itage. The mean life span in the acceleration test at 150 

°C and DC 25 kV/mm is as long as 800 hours along with being 

possible to sinter at a relatively low sintering temperature 

of 1300 °C. 

on the contrary, when the oxides represented by Li20-

(Si_, Ti1_)02-MO is outside of the composition range 

described above as in the samples No. 113 to 117 and 119 in 

TABLE 6, the sintering becomes insufficient or many samples 

are rejected in the humidity resistance load test even after 

sintering as seen in the samples No. 413 to 417 and 419. 

The samples with the composition falling on the line A-F and 

W = 1.0 have high sintering temperature along with causing 

many rejects in the humidity resistance load test as seen in.· 

the samples No. 119 and 121 in TABLE 14. When the value of 

w is less than 0.30 as shown in the sample No. 122 in TABLE 

6, the sintering temperature becomes high along with causing 

many rejects in the humidity resistance load test as seen in 

the sample NO. 433 in TABLE 14. 

(Example 6) 

A starting material with a composition of Ba01 •010•Ti02 + 

O.OlY203 + O.OlEU203 + O.OlTb203 + 0.015BaZr03 + 0.06Mn0 (mole 

ration) was prepared using barium titanate in TABLE lA as a 

dielectric powder, in which the oxide represented by Si02-
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Ti02-XO with a mean particle size of 1 µm or less as shown 

in TABLE 8 prepared by heating at 1200 to 1500 °C was added 

as a second side component. A monolithic ceramic capacitor 

was produced by the same method as in Example 1, except that 

the starting material as described above was used. The 

overall dimensions of the monolithic capacitor produced is 

the same as in Example 1. The electric characteristics were 

measured by the same method as in Example 1. The results 

are shown in TABLE 15. The samples No. 501 to 519 in TABLE 

15 correspond to the samples No. 201 to 219 in TABLE 8, 

respectively, wherein, for example, the sample No. 501 in 

TABLE 15 was obtained by adding the side component in the 

sample No. 201 in TABLE 8. 

TABLE 15 

As is evident from. the samples No. 501 to 512 in TABLE 

15,· preferable results are obtained in the samples in which 

the oxides of the samples No. 201 to 212 in TABLE 8 with 

compositions within or on the boundary lines of the area 

surrounded by the straight lines connecting each spot. 

indicated by A (X = 85,·y ~ 1, z = 14), B (X = 35, y = 51, z 

= 14), c (X = 30, y = 20, z = 50) and D (X = 39, y = 1, z = 

60), wherein x, y and z represent mole.%, in the three 
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component phase diagram of the oxides represented by Si02-

Ti02-XO shown in FIG. 5 are added, wherein the samples have 

a capacitance decreasing ratio of as small as within -40% at 

an impressed voltage of 5 kV/mm and a dielectric loss of 

1.0% or less, along with the rate of change of the 

electrostatic capacitance against temperature changes 

satisfying the B-level characteristic standard stipulated in 

the JIS Standard in the temperature range of -25 °C to +85 
-- . 

°C and X7R-level characteristic standard stipulated in the 

EIA standard in the temperature range of -55 °C to +125 °C. 

When the capacitor is used under a high electric field 

strength of 10 kV/mm, the insulation resistance represented 

by the product CR at 25 °C and 150 °C show a high value of 

4900 O·F or more and 200 O·F or more, respectively. The 

insulation breakdown voltage also shows high values of 12 

kV/mm or more under the AC voltage and 14 kV/mm under the DC 

voltage. The mean life span in the acceleration test at 150 

°C and DC 25 kV/mm is as long as 800 hours along with being 

free from rejections in the humidity resistance load test 

and being possible to sinter at a relatively low sintering 

temperature of 1300 °C. 

on the contrary, when the Si02-Ti02-XO oxides is 

outside of the composition range described above as in the 

samples No. 213 to 219 in TABLE 8, the sintering becomes 

·- .. 
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insufficient or many samples are rejected in the humidity 

resistance load test even after sintering as seen in the 

samples No. 513 to 519 in TABLE 15. 

When Al203 and/or Zr02 is allowed to contain in the 

oxides represented by Si02-Ti02-XO as in the samples No. 211 

and 212 in TABLE 8, a monolithic capacitor having the 

insulation resistances of 5300 Q·F or more and 300 Q·F or 

more at 25 °C and 150 °c, respectively, under an electric 

field strength of 10 kV/mm as the samples No. 511 and 512 in 

TABLE 15 can be obtained. However, when the amounts of 

addition of Al203 and Zr02 exceed 15 parts by weight and 5 

parts by weight, respectively, as in the samples No. 217 and 

218 in TABLE 8, the sintering property is extremely 

deteriorated as in the samples· No. 217 and 218 in TABLE 8. 

(Example 7) 

After preparing and weighing TiC14 and Ba(N03 ) 2 having 

a variety of purity as starting materials, the compounds 

were precipitated as titanyl barium oxalate 

(BaTiO(C204 )·4H20) by adding oxalic acid. This precipitate 

was decomposed by heating- at a temperature of 1000 °C or 

more to synthesize four kinds of ·barium titanate listed in 

TABLE 1. 

Oxides, carbonates or hydroxides as .each component of 

1ii1i1rnH1r · 
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the first side component were weighed so as to be a 

composition ratio (mole ratio) of 0.25Li20-

0. 65 ( O. 30Ti02·0. 70Si02 )-0 .10Al203 to obtain a powder by 

crushing and mixing. 

Likewise, oxides, carbonates or hydroxides as each 

component of the second side component were weighed so as to 

be a composition ratio (mole ratio) of 0.66Si02-0.17Ti02-

0.15Ba0-0.02MnO to obtain a powder by crushing and mixing. 

Oxide powders of the first and second side components 

were placed in separate platinum crucibies, respectively, 

and heated· at 1500 °C. After quenching and crushing the 

mixture, each oxide powder with a mean particle size of 1 µm 

or less was obtained. 

In the next step, BaC03 for adjusting the mole ratio 

Ba/Ti (m) in barium titanate, Sc2031 Y2031 BaZr031 MgO and 

Mno, each having a purity of 99% or more, were prepared. 

These raw material powders and the oxides described above to 

be either the first or second side component were weighted 

so as to form the compositions shown in TABLE 1002 and TABLE 

1003. The amounts of addition of the first and second side 

components are indicated by parts by weight relative to 100 

parts by weight of the essential component represented by 

( (BaO).Ti02 + aM203 + (3BaZr03 + yMgO + gMnO). 

··, 
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Organic solvents such as polyvinyl butyral binder and 

ethanol were added to the weighed-compounds and the mixture 

was mixed in a ball mill in an wet state to prepare a 

ceramic slurry. This ceramic slurry was formed into a sheet 

by a doctor blade method to obtain a rectangular shaped 

green sheet with a thickness of 35 µm, followed by printing 

an electroconductive paste mainly composed of Ni on the 

ceramic green sheet to form an electroconductive paste layer 

for forming inner· electrodes. 

Then,. a plurality of the ceramic green sheets on which 

the electroconductive layer is formed were laminated so that 

the sides where the electroconductive paste is projected out 

are alternately placed with each other, thus obtaining a 

monolithic body. This monolithic body was heated at 350 °C 

in a N2 atmosphere and, after allowing the binder to 

decompose, the monolithic body was fired at the temperatures 

shown in TABLE 1004 and TABLE 1005 in a reducing atmosphere 

comprising H2-N2-H20 gases under an oxygen partial pressure 

of 10-11 to 10-12 MPa for two hours, thereby obtaining a 

ceramic sintered body •. 
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The both sid~ faces of the ceramic sintered body were 

coated with a silver paste containing B203-Li20-sio2-BaO 

glass frits and fired at a temperature of 600 °C in a N2 

atmosphere, thereby obtaining outer electrodes electrically 

connected to the inner electrodes. 

The overall dimensions of the monolithic ceramic 

capacitor thus obtained were s.o mm in width, 5.7 mm in 

length and 2.4 mm in thickness while the thickness of the 

dielectric ceramic layer was 30 J.llll•. Total number of the 

effective dielectric ceramic layers were 57, the area of the 

conf renting electrode per one layer being 8 • 2 x 1 o-6m2
• 

Electric characteristics of these monolithic ceramic 

capacitors were measured. The electrostatic capacitance (C) 

and dielectric loss (tan ~) were measured using an automatic 

bridge type measuring instrument at 1 kHz, 1 vrms and 25 °C 

and the dielectric constant (e} was calculated from the . 

electrostatic capacitance. Next, the insulation resistance 

·was measured using an insulation resistance tester at 25 °C 

and 150 °c by impressing direct current voltages of 315 v 

(or 10 kV/mm) and 945 V (or 30 kV/mm) for 2 minutes, 

obtaining a product of the electrostatic capacitance and 

insulation resistance, or a product CR. 

The rate of change of the electrostatic capacitance 

against temperature changes was also measured. The rate of 
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change at -25 °C and 85 °C by taking the electrostatic 

capacitance at 20 °C as a standard (AC/C20), the rate of 

change at -55 °C and 125 °C by taking the electrostatic 

capacitance at 20 °C as a standard (AC/C25) and the maximum 

value of the rate of change <IAClmax) as an absolute value 

were measured as the electrostatic capacitances against 

temperature changes. 

The DC vias · characteristic was also evaluated. First,· 

the electrostatic capacitance when an AC voltage of 1 kHz 

and 1 Vrms was impressed was measured. Then, the 

electrostatic capacitance when a DC voltage of 150 V and an 

AC voltage of 1 kHz and 1 Vrms were simultaneously impressed 

was measured, thereby the rate of reduction of the 

electrostatic capacitance (AC/C) due to loading the DC 

voltage was calculated. 

In the high temperature load test, a direct current 

voltage of 750 v (or 25 kV/mm) was impressed at 150 °C on 36 

pieces of each sample to measure the time dependent changes 

of the insulation resistance. The time when the insulation 

resistance of each sample was reduced below l06Q was defined 

to be a life span time and mean life span time was 

evaluated. 

In the humidity resistance test, the number of the 

test pieces having an insulation resistance of 106Q or-less 
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among the 72 test pieces were counted after impressing a DC 

voltage of 315 v under an atmospheric pressure of 2 atm 

(relative humidity 100%) at 120 °C for 250 hours. 

Insulation breakdown voltages under AC and DC voltages 

were measured by impressing AC and DC voltages at a voltage 

increase rate of 100 V/sec. 

The results described above are listed in TABLE 1004 

and TABLE 1005. 

TABLE 1004 

TABLE 1005 

It is evident from Table 1002 to TABLE 1005 that the 

monolithic ceramic capacitor according to the present 

invention has a capacitance decreasing ratio of as small as 

within -45% at an impressed voltag.e of 5 kV/mm and a 

dielectric loss of less than·1.o %, wherein the rate of 

change against temperature changes sa.tisfies. both the B­

level characteristic standard stipulated in the JIS Standard 

in the temperature range of -25 °C to +85 °C and X7R-level 

characteristic standard stipulated in the EIA standard in 

the temperature range of -55 °C to +125 °C. 

Moreover, the insulati~n resistances at 25 °C and 150 
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•c as expressed by the product CR show as high values as 

5000 Q·P or more and 200 Q•F or more, respectively, when the 

cermti.c capacitor is used under a high electric field 

streaqth of 10 kV/mm. The insulation breakdown voltage also 

sho11m• high values of 12 kV/mm or more under the AC voltage 

and 14· kV/mm or more under the DC voltage. In addition,, an 

acceleration test at 150 °c and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relat:ively low firing temperature of 1300 °C or less. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (BaO).Ti02 + ~03 + (3Bazro, + 

yMgO + gMnO (wherein ~03 represents at least one of either 

Sc20s or Y20,, a, p, y, and q representing mole ratio, 
~1..0.) respectively), the~ content a of less than 0.001 as 

sho11ft in the sample No. 1001 is not preferable because the 

temperature characteristic does not satisfy the B-level 

characteristic I X7R characteristic. on the other hand, the 
~l.a_) . 
~content a of more.than 0.06 as shown in.the sample No. 

1002 is also not preferable because the specific dielectric 

constant is reduced to less than 1000. Accordinqly, the 
~'2.0). 

preferable range of the~, content a is 0.001 $ a $ 0.06. 

It is not pref e~able that the BaZr03 content ~ of zero 

as iAi the sample No. 1003 is not preferable since the 

./ 
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insulation resistance is low and the voltage dependency of 

the insulating resistance is larger than that of the 

composition system containing BaZr03 • It is also not 

preferable that the BaZr03 content p is more than 0.06 as in 

the sample No. 1004 because the temperature characteristic 

_does not satisfy the B-level characteristic I X7R 

characteristic, along with shortening the mean life span. 

Accordingly, the preferable range of the BaZr03 content p is 

0.005 $ p $ 0.06. 

It is not preferable that, as seen in the sample No. 

1005, the MgO content y is 0.001 since the insulation 

resistance becomes low and the temperature c~aracteristic 

does not satisfy the B-level characteristic I X7R 

characteristic. It is not preferable, on the other hand, 

that the MgO content y exceeds 0.12 as in the sample No. · 

1006, because the sintering temperature becomes high, the 

dielectric loss exceeds 2.0%, the number of rejections in 

the humidity resistance load test is extremely increased 

along with shortening the mean life sp~n. Accordingly, the 

preferable range of the MgO content y is in the range of 

0.001 < y $ 0.12. 

It is not preferable that, as seen in the sample No. 

1007, the MnO content g is 0.001 since measurement becomes 

impossible due to formation of semiconductors. It is not 

··, 
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preferable, on the other hand, that the MnO content g 

exceeds 0.12 as seen in the sample No. 1008 because the 

temperature characteristic X7R is not satisfied and the 

insulation resistance is lowered besides the mean life span 

becomes short. Accordingly, the preferable range of the MnO 

content g is in the range of 0.001 < g ::s: 0.12. 

It is not preferable that, as in the sample No. 1009, 

the combined amount of y + g of the ~go content y and MnO 

content g exceeds 0.13 because the dielectric loss is 

increased to 2.0% and the mean life span is shortened 

besides the rejection number in the humidity resistance load 

tes-t increases. Accordingly, the combined amount of y + g 

of the MgO content y and MnO content g is preferably in the 

range of y + g ::s: 0.13. 

It is not preferable that the BaO/Ti02 ratio m is less 

than 1.000 as in the sample No. 1010 because measurements 

are impossible due to formation of semiconductors. It is 

also not preferable that, as seen in the sample No. 1011, 

the BaO/Ti02 ratio m is 1.000 since the insulation 

resistance as well as the AC and DC breakdown voltage are 

lowered along with shortening the mean life span. It is not 

preferable, on the other han~, that the BaO/Ti02 ratio m is 

over 1.035 as in the samples No. 1012 and 1013 since 

measurements becomes impossible due to insufficient 
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sintering. Accordingly, the BaO/Ti02 ratio m in the range 

of 1.000 < m ~ 1.035 is preferable. 

It is not preferable that the amount of addition of 

the first or second side component is zero as in the samples 

No. 1014 and 1016 because measurements are impossible due to . 

insufficient sintering. It is not preferable that the 

amount of addition of the first or second side component 

.exceeds 3.0 parts by weight as seen in the samples No. 1015 

and 1017, because the dielectric loss exceeds 1.0% and the 

insulation resistance and insulation breakdown voltage are 

lowered along with shortening the mean life span. 

Accordingly, the preferable content of either the first or 

the second components is 0.2 to 3.0 parts by weight. 

The contents of the alkali earth metal oxides 

contained in barium titanate as impurities are suppressed 

below 0.02% by weight because, when the contents of the 

alkali earth metal oxides exceeds 0.02% by weight as in the· 

sample No. 1018, the dielectric constant is decreased. 

(Example 8) 

A material with a composition of Bao1• 010·Ti02 + 0. 03Y203 

+ 0.02BaZr03 + O.OSMgO + 0.01 MnO (mole ratio) was prepared 

using barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 

, . 
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as· in Example 1, except that an oxide represented by Li20-
\0o4 

(Si, Ti)02-MO shown in Table ~' having a mean particle \./' 

size of 1 µm or less produced by heating the mat~rial 

described above at 1200 to 1500 °c, was added as the first 

side component. The overall dimensions of the monolithic 

ceramic capacitor produced is the same as in Example 1. 

TABLE 1006 

1'he electric characteristics were then measured by the 

sa~e method as in Example 1. The results are shown in TABLE 

1007. 

TABLE 1007 

As is evident from TABLE 1006 and TABLE 1007, 

preferable results are obtained in the samples No. 1101 to 

1112, 1118 and 1120, in which oxides with compositions 

within or on the boundary lines of the area surrounded by 

the straight lines connectinq each spot indicated by A (X = 

20, y = 80, Z = 0), B (X = 10, y = 80, z = 10), C (X = 10, y 

• 10 1 z = 20) 1 D {X • 35, y = 45, z = 20) 1 E (X = 45, y = 
45, z = 10) and F (x = 45, y = 55, z = O), (wherein x, y and 

z represent mole ' and w represents mole ratio, which is in 
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the range of 0.3 s w < 1.0 in the composition on the line A 

- F) of the three component phase diagram of the oxides 

represented by Li20-(Si,,, Ti1_)02-MO shown in FIG. 4 are 

added, wherein the samples have a capacitance decreasing 

ratio of as small as within -45% at an impressed voltage of 

5 kV/mm and a dielectric loss of 1.0% or less, along with 

the rate of change of the electrostatic capacitance against 

temperature changes satisfying the B-level characteristic 

standard stipulated in th~ JIS Standard in the temperature 

range of -25 °C to +85 °C and X7R-level characteristic 

standard stipulated in the EIA standard in the temperature 

range of -55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °C and 150 
0c as expressed by the product CR show as high values as 

5000 Q·F or more and 200 Q·F or more, respectively, when the 

ceramic capacitor is used under a high electric fieid 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage_ 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

On the contrary, when the Li20-(Si,,, Ti1_.)02-MO oxides 

is outside of the composition range described above as shown 
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in the samples No. 1113 to 1117, and 1119, the sintering 

becomes insufficient or many samples are rejected in the 

humidity resistance load test even after sintering. The 

samples with ~he composition falling on the line A-F and W = 
1.0 as in the samples No. 1119 and 1121 have high sintering 

temperature along with causing many rejects in the humidity 

resistance load test. When the value of w is less than 0.30 

as shoWn in the sample No. 1122, the sintering temperature 

becomes high along with causing many rejects in the humidity 

resistance load test. 

(Example 9) 

A material with a composition of Bao1• 010·~io2 + O. 03Sc20J 

+ O.OlSBaZrOJ + O.OSMgO + 0.01 MnO (mole ratio) was prepared 

using barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 

as in Example 1, except that an.oxide Li20-Ti02-XO shown in 

Table 1008, having a mean particle size of 1 µm or less 

produced by heating the material described above at 1200 to 

1500 °c, wa~ added as the second side component. The 

amounts of addition of Al203 and Zr02 correspond to parts by - . -wight relative to 100 parts by weight of {xSi03 '41 yTi02 .if/ 

zXO). The overall dimensions of the monolithic ceramic 

capacitor produced is the same as in Example 1. 
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The electric characteristics were then measured by the 

same method as in Example 1. The results are shown in TABLE 

1009. 

TABLE 1009 

As is evident from TABLE 1008 and TABLE 1009, 

preferable results are obtained in the samples No. 1201 to 

1212 in which oxides with compositions within or on the 

boundary lines of the area surrounded by the straight lines 

connecting each spot indicated by A (X = 85, y = 1, z = 14), 

B (X = 35, y = 51, z = 14), c (X = 30, y = 20, z = 50) and D 

(X = 39, ·y = 1, z = 60), (wherein x, y and z represent mole 

%) of the three component phase diagram of the oxides 

represented by Si02-Ti02-XO shown in FIG. 5 are added, 

wherein the samples have a capacitance decreasing ratio of 

as small as -45% at an impressed voltage of 5 kV/mm and a 

dielectric loss of 1.0% or less, along with the rate of 

change of the electrostatic capacitance against temperature 

changes satisfying the B-level characteristic standard 

stipulated in the JIS Standard in the temperature range of -
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25· 0 c to +85 °c and X7R-level characteristic standard 

stipulated in the EIA standard in the temperature range of 

55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 '2·F or more and 200 C·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °c and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

When the compositi.on of the oxide represented by Si02-

Ti02-xo is out of the composition range described above, on 

the other hands, sintering becomes insufficient as seen in 

the samples No. 1213 to 1219 or many rejects occur in the 

humidity resistance load test even after the sintering. 

When Al203 and/or Zr02 is allowed to contain in the· 

oxides represented by Si02-Ti02-XO as in the samp·les No. 

1211 and 1212, a monolithic capacitor having the insulation 

resistances of 5400 C·F or more and 300 C·F or more at 25 °C 

and 150 °C, respectively, under an electric field strength 

of 10 kV/mm can be obtained. However, when the amounts of 
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addition of Al203 an4 zro2 exceed 15 parts by weight and 5 

parts by weight, respectively, the sintering property is 

extremely deteriorated as in the samples No. 1217 and 1218. 

(Example 10) 

Four kind~ of barium titanate (BaTi03 ) in TABLE 1, an 

oxide powder as a first side component and an oxide powder 

as a second side component were obtained by the same method 

as in Example 1. 

Then, BaC03 for adjusting the Ba/Ti mole ratio m in 

barium titanate, and Sc203 , Y2031 BaZr03 and MnO with purity 

of 99% or more were prepared. These raw material powder and 

oxide powder to be either the first or second side component 

were weighed so as to be the composition shown in TABLE 1010 

and TABLE 1011. The amount of addition of the first or 

second side component corresponds to the amount relative to 

100 parts of the essential component of ((BaO).Ti02 + aM:z03 + 

~BaZr03 + yMnO) • A monolithic ceramic capacitor was produced 

using this weighed compounds by the same method as in 

Example 1. The overall dimensions of the monolithic ceramic 

capacitor produced are the same as in Example 1. 

TABLE 1010 
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The electric characteristics were measured by the same 

method as in Example 1. The results are shown in TABLE 1012 

and TABLE 1013. 

TABLE 1012 

TABLE 1013 

As evident from TABLE 1012 and TABLE 1013, the ceramic 

capacitor according to the present invention has a 

capacitance decreasing ratio of as small as within -40% at 

an impressed DC voltage of 5 kV/mm and a dielectric loss of 

1.0% or less, along with the rate of change of the 

electrostatic capacitance against temperature changes 

satisfying the B-level characteristic standard stipulated in 

the JIS Standard in the temperature range of ~25 °C to +85 

°C and X7R-level characteristic. standard stipulated in the 

EIA standard in the temperature range of -55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °C and 150 
0 c as expressed by the product CR show as high values as 

4900 O·F or more and 190 O·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 
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strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (Bao).Ti02 + aMiO, + flBazro, + 

yMnO (wherein M301 represents at least one of.either Sc203 and 

Y203 , a, ~' and y representing mole ratio, respectively), the 
f'\~C} 
Mn1g,. content a of less than 0.001 as shown iR the sample 

No. 1301 is not preferable because the temperature 

characteristic does not satisfy the B-level characteristic I 

~~ X7R characteristic. on the other hand, the content a 

of .more than 0.06 as shown in the sample No. 1302 is also 

not preferable because the specific dielectric constant is 

reduced to less than 900. Accordingly, the preferable range 

of the ft~~ content a is 0.001 s as 0.06. J 
It is not preferable that the Bazrol content p of zero 

as in the sample No. 1303 is not preferable since the 

insulation resistance is low·and the voltage dependency of 

the insulatinq resistance is larqer than that of the 

composition system containing Bazrol. It is also not 
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preferable that the BaZr03 content ~ is more than 0.06 as in 

the sample No. 1304 because the temperature characteristic 

does not satisfy the B-level characteristic I X7R 

characteristic, along with shortening the mean life span. 

Accordingly, the preferable range of the BaZr03 content p is 

0.005 $ p $ 0.06. 

It is not preferable that, as seen in the sample No. 

1305, the MgO content y is 0.001 since measurements becomes 

impossible due to semiconductor formation. It is not 

preferable that the MgO content y exceeds 0.13 as in the 

sample No. 1306, because the temperature characteristic does 

not satisfy the X7R characteristic besides the insulation 

resistance is low and mean life span is shortened. 

Accordingly, the preferable range of the MgO content y is in 

the range of 0.001 < y $ 0.13. 

It is not preferable that the BaO/Ti02 ratio m is less 

than 1.000 as in the sample No. 1307 because measurements 

are impossible due to formation of semiconductors. It is . 

also not preferable that, as seen in the sample No. 1308, 

the Ba0/Ti02 ratio m is 1.000 since the insulation 

resistance as well as the AC and DC breakdown voltage 

becomes low along with shortening the mean life.span. It is 

not preferable, on the other hand, that the BaO/Ti02 ratio m 

is over 1.035 as in the samples No. 1309 and 1310 since 

iii~ii1r111nr 
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measurements becomes impossible due to insufficient 

sintering. Accordingly, the Ba0/Ti02 ratio m in the range 

of 1.000 < m ~ 1.035 is preferable. 

It is not preferable that the amount of addition of 

the first or second side component is zero as in the samples 

No. 1311 and 1313 because measurements are impossible due to . 

insufficient sintering. It is not preferable that the 

amount of addition of the first or second side component 

exceeds 3.0 parts by weight as seen in the samples No. 1312 

and 1314, on the other hand, because the dielectric loss 

exceeds 1.0% and the insulation resistance and insulation 

breakdown voltage are lowered along with shortening the mean 

life span. Accordingly, the preferable content of either 

the first or the second components is in the-range of 0.2 to 

3.0 parts by weight. 

The contents of the alkali earth metal oxides 

contained in barium titanate as impurities are suppressed 
. . 

below 0.02% by weight because, as in the sample No. 1315, 

when the contents of the alkali earth metal oxides exceeds 

0.02% by weight, the dielectric constant is decreased. 

(Example 11) 

A material with a composition of Bao1 •010·Ti02 + 0. 02Y203 

+ 0.01BaZr03 + 0.04 MnO (mole ratio) was prepared using 
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barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the sa~e method 

as in Example 1, except that an oxide represented by Li,O­

(Si,Ti)02-MO as shown in Table 1006, having a mean particle 

size of 1 µm or less produced by heating the material 

described above at 1200 to 1500 °c, was added as the first 

side component. The overall dimensions of the monolithic 

ceramic capacitor produced is the same as in Example 1. The 

electric characteristics were then measured by the same 

method as in Example 1. The results are shown in TABLE 

1014. The sample No. 1401 to 1422 in TABLE 1014 correspond 

to the samples NO. 1101 to 1122 in TABLE 1006, respectively. 
\()\':\" ~ 

For example, the sample No: 1401 in TABLE~was obtained V" 

by adding the side component of the sample No. 1101 in TABLE 

1006. 

TABLE 1014 

As is evident from the samples NO. 1401 to 1412, 1418 

and 1420 in TABLE 1014, preferable results are obtained in 

the samples in which oxides of the samples No. 1101 to 1112, 

1118 and 1120 in TABLE 1006 with compositions within or on 

the boundary lines of the area surrounded by the straiqht 

lines connecting each spot indicated by A (X = 20, y = 80,.z 
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= 0), B (X = 10, y = 80, z = 10),. C (X = 10, y = 70, z = 
20), D (X = 3S, y = 4S, z = 20), E (x = 4S, y = 4S, z = 10) 

and F (x = 4S, y = SS, z = 0) (wherein x, y and z represent 

mole %, w represent mole ratio and w is in the range of 0.3 

~ w < 1.0 in the composition on the line A - F) inside of 

the three component phase diagram of the oxides represented 

by Li20-(Sj,,, Ti1...,)02-MO shown in FIG. 4 are added as side 

components, wherein the samples have a capacitance 

decreasing ratio of as small as within -40% at an impressed 

voltage of 5 kV/mm and a dielectric loss of 1.0% or less,. 

along with the rate of change of the electrostatic 

capacitance against temperature changes satisfying the B­

level characteristic standard stipulated in ~he JIS Standard 

in the temperature range of -2S 0 c to +85 °c and X7R-level 

characteristic standard stipulated in the EIA standard in 

the temperature range of -5S °C to +125 °C. 

Moreover, the insulation resistances at 2S °C and lSO 

°C as expressed by the product CR show as high values as 

4900 C·F or more and 200 C·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at lSO °C and DC 25 kV/mm gave a mean life 
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span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

On the contrary, when the oxides represented by Li10-

(Siv, T11-)02-MO is outside of the composition range 

described above as shown in the samples No. 1113 to 1117~ 

and 1119 in TABLE 1006, the sintering becomes insufficient 

or many samples are rejected in the humidity resistance load 

test even after sintering as seen in the samples No •. 1413 to 

1417 and 1419 in TASLE 1014. The samples with the 

composition falling on the line A-F and w = 1.0 as in the 

samples No. 1119 and 1121 in.TABLE 1006 have high sintering 

temperature along with causing many rejects in the humidity 

resistance load test as seen in the samples No. 1419 and 

1421 in TABLE 1014. When the value of w is less than 0.30 

as shown in the samples No. 1122 in TABLE 1.006 ~ the 

sinterinq temperature becomes high along with causing many 

rejects in the humidity resistance load test as seen in the 

sample No. 1422 in TABLE 1014. 

(Example 12) 

A material with a composition of Ba01• 010·Ti02 + o.02sc2ol 

+ o.01sazro, + 0.04 MnO (mole ratio) was prepared using 

barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 
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as in Example 1, except that an oxide represented by Si02-

Ti02-xo shown in Table 1008, having a mean particle size of 

1 µm or less produced by heating the material described 

above at 1200 to 1500 °c, was added as the second side 

component. The overall dimensions of the monolithic ceramic 

capacitor produced is the same as in Example 1. The 

electric characteristics were then measured by the same 

method as in Example 1. The results are shown in TABLE 

1015. In TABLE 1015, the samples NO. 1501 to 1519 

corresponds to the samples NO. 1201 to 1219 in TABLE 1008. 

For example, the sample No. 1501 in TABLE 1015 was obtained 

by adding the side component of the sample No. 1201 in TABLE 

1008. 

TABLE 1015 

As is evident from Samples NO. 1501 to 1512 in TABLE 

1015, preferable results are obtained in the samples, in 

which oxides of the.samples NO. 1201 to 1212 in TABLE 1008 

with compositions within or on the boundary lines of the 

area surrounded by the straight lines connecting each spot 

indicated by A (X = 85, y = 1, z = 14), B (X = 35, y = 51, z 

= 14), c (X = 30, y = 20, z = 50) and D (X = 39, y = 1, z = 
60), (wherein x, y and z represent mole %), of the three 
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component phase diagram of the oxides represented by Si02-

Ti02-XO shown in FIG. 5 are added as a side component, 

wherein the samples have a capacitance decreasing ratio of 

as small as within -40% at an impressed voltage of 5 kV/mm 

and a dielectric loss of 1.0% or less, along with the rate 

of change of the electrostatic capacitance against 

temperature chang_es satisfying the B-level characteristic 

standard stipulated in the JIS Standard in the temperature 

range of -25 °C to +85 °C and X7R-level characteristic 

standard stipulated in the EIA standard in the temperature 

range of -55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °C and 150 
0c as expressed by the product CR show as high values as 

4900 O·F or more and 190 O·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more and no rejections were 

found in the humidity resistance load test besides enabling 

a relatively low firing temperature of ·1300 °C or less. 

When the oxide Si02-Ti02-xo has a composition outside 

of the composition described above as in the samples_ No. 
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, 
12i3 to 1219 in TABLE 1008, on the contrary, sintering 

becomes insufficient or many rejection·appear in the 

humidity resistance load test even after sintering as seen 

in the samples No. ·1513 to 1519 in TABLE 1015. 

While a monolithic capacitor having an insulation 

resistance of 5290 '2·F or more and 310 '2·F or more at 25 °C 

and 150 °C, respectively, under a strong electric field of 

10 kV/mm can be obtained as shown in the samples No. 1511 

and 1512 in TABLE 1015 by allowing Al203 and/or Zr02 to 

contain in the Si02-Ti02-XO oxides as in the sample No. 1211 

and 1212 in Table 1008, sintering property is extremely 

decreased.when Al203 and Zr02 are added in an amounts of 15 

parts by weight or more and 5 parts by weight or more, 

respectively, as in the samples No. 1217 and 1218 in TABLE 

1008. 

{Example 13) 

After preparing and weighing TiCl, and Ba(N03 ) 2 having 

a variety of purity as starting materials, the compounds 

were precipitated as titanyl barium oxalate 

(BaTiO(C204 )"4H20) by adding oxalic acid. This precipitate 

was decomposed by heating at a temperature of 1000 °C or 

more to synthesize four kinds of barium titanate listed in 

TABLE 1. 
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Oxides, carbonates or hydroxides as each component of .. 
the first side component were weighed so ~~ to be a 

composition ratio (mole ratio) of 0. 2°5Li20-

0. 65 ( 0. 30Ti02·0. 70Si02 )-0 .10Al20~ to obtain a powder by 

crushing and mixing. 

Likewise, oxides, carbonates or hydroxides as each 

component of the second side component were weighed so as to 

be a composition ratio (mole ratio) of 0.66Si02-0.17Ti02-

0.15Ba0-0.02MnO (mole ratio) to obtain a powder by crushing 

and mixing. 

Oxide powders of the first and second side components 

were placed in separate platinum crucibles and heated at 

15 O o °C. After quenching and crushing the mixture, each 

oxide powder with a mean particle size of 1 µm or less was 

obtained. 

In the next step, BaC03 for adjusting the mole ratio 

Ba/Ti (m) in barium titanate, Eu2031 Gd2031 Tb2031 Dy2031 Ho2031 

Er203 , Tmz03 and Yb203 , and BaZr031 MgO and MnO, each having a 

purity of 99% or more, were prepared. These raw material. 

powders and the oxides described above to be either one of 

the first or second side component were weighted so as to 

form compositions shown in TABLE 2002 and TABLE 2003. The 

amounts of addition of the first and second side components 

are indicated by parts by weight relative to 100 parts by· 

·---.. -·--------
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weight of the essential component (Ba~)111Ti02 + aR:z03 + f3BaZr03 

+ yMgO + gMnO. 

TABLE 2002 

TABLE 2003 

Organic solvents such as polyvinyl butyral binder and 

ethanol were added to the weighed compounds, which were 

mixed in a ball mill in an wet state to prepare a ceramic 

slurry. This ceramic slurry was formed into a sheet by a 

doctor blade method to obtain a rectangular shaped green 

sheet with a thickness of 35 µm, followed by printing an 

electroconductive paste mainly composed of Ni on the ceramic 

green sheet to form an electroconductive paste layer for 

forming inner electrodes. · 

Then, a plurality of the ceramic green sheets on which 

the electroconductive layer is formed were laminated so that 

the sides where the electroconductive paste is projected out 

are alternately placed with each other, thus obtaining a 

monolithic body. This monolithic body was heated at 350 °c 

in a N2 atmosphere and, after allowing the binder to 

decompose, the monolithic body was fired at the temperatures 

shown in TABLE 2004 and TABLE 2005 in a reducing atmosphere 
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comprising H2-N2-H20 gases under an oxygen partial pressure 

of 10-11 to 10-12 MPa for two hours, thereby obtaining a 

ceramic sintered body. 

The both side faces of the ce~amic sintered body were 
.. 

coated with a silver paste containing B203-Li20-Si02-BaO 

glass frits and fired at a temperature of. 600 °C in a N2 

atmosphere, thereby obtaining outer electrodes electrically 

connected to the inner electrodes. 

The overall dimensions of the monolithic ceramic 

capacitor thus obtained were 5.0 mm in width, 5.7 mm in 

length and 2.4 mm in thickness while the thickness of the 

dielectric ceramic layer was 30 µm. Total number of the 

effective dielectric ceramic layers were 57, the area of the 

conf ranting electrode pez: one layer being 8 • 2 x 1 o-'m2
• 

Electric characteristics of these monolithic ceramic 

capacitors were measured. The electrostatic capacitance (C) 

and dielectric loss (tan 6) were measured using an automatic 

bridge type measuring instrument at l kHz, 1 Vrms and 25 °C 

and the dielectric constant (e) was calculated from the 

electrostatic capacitance. Next, the insulation resistance 

was measured using an insulation resistance tester at 25 °C 

and 150 °C by impressing direct current voltages of 315 V 

(or 10 kV/mm) and 945 V (or 30 kV/mm) for 2 minutes, 

obtaining a product of the electrostatic capacitance and 
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The rate of change of the electrostatic capacitance 

against temperature changes was also measured. The rate of 

change at -25 °C and 85 °C by taking the electrostatic 

capacitance at 20 °C as a standard (AC/C20), the rate of 

change at -55 °C and 125 °C by taking t~e electrostatic 

capacitance at 20 °C as a standard (AC/C25) and the maximum 

value of the rate of change <IAClmax) as an absolute value 

in the temperature range of -55 °C to 125 °C were measured 

as the electrostatic capacitances against temperature 

changes. 

The DC vias characteristic was also evaluated. First, 

the electrostatic capacitance when an AC voltage of 1 kHz 

and 1 Vrms was impressed was measured. Then, the 

electrostatic capacitance when a DC voltage of 150 V and an 

AC voltage of 1 kHz and 1 Vrms were simultaneously impressed 

was measured, thereby the rate of reduction of the 

electrostatic capacitance (AC/C) due to loading the DC 

voltage was calculated. 

In the high temperature load test, a direct current 

voltage of 750 v (or 25 kV/nnn) was impressed at 150 °C on 36 

pieces of each sample to measure the time dependent changes 

of the insulation resistance. The time when the insulation 

resistance of each sample was reduced below lO'C was defined 

.. 
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to be a life span time and mean life span.time was 

evaluated. 

In the humidity resistance test, the number of the 

test pieces having an insulation resistance of lO'Q or less 

among the 72 test pieces were counted after impressing a DC 

voltage of 315 V under an atmospheric pressure of 2 atm 

(relative humidity 100%) at 120 °C for 250 hours. 

Insulation breakdown voltages under AC and DC voltages 

were measured by impressing AC and DC voltages at a voltage 

increase rate of 100 V/sec. 

The results described above are listed in TABLE 2004 

and TABLE 2005. 

TABLE 2004 

TABLE 2005 

It is evident from Table 2002 to TABLE 2005 that the 

monolithic ceramic cap~citor according to the present 

invention has a capacitance decreasing ratio of as small as 

within -45% at an· impressed voltage of 5 kV/mm and .a 

dielectric loss .of less than 1.0 %, wherein the rate of 

change against temperature changes satisfies both the B­

level characteristic standard stipulated in the JIS Standard 
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in the temperature range of -25 ·c· to +85 •c and X7R-level 

characteristic standard stipul~ted in the EIA standard in 

the temperature range of -55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 Q·F or more and 200 '2·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation_ breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (BaO) .. Ti02 + aR20 3 + ~Ba.Zr031 + 

yMgO + gMnO {wherein Rz03 represents at least one compound 

selected from Eu20 3 , Gd20,, Tb20,, Dy20 3 , 8020 31 · Er20 3 , ~o, and 

Yb203 , a, ~' y, and 9 representing mole ratio, respectively), 
ll'l.0) 

the K0 z't,:content a of less than 0.001 as shown in the \./"' 

sample No. 2001 is not preferable because the insulation 

resistance is low and the product CR becomes small. on the 

h 
. p....GJ 

ot er hand, the KAzU, content a of more than 0.06 as shown 

in the sample No. 2002 is also not preferable because the 
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temperature characteristic does not satisfy the B-level 

characteristic I X7R characteristic, being poor in 
. . [2i,OJ 

reliability. Accordingly, the preferable range of the J1ft28i v 
content a is 0.001 $ a s 0.06. 

The BaZr03 content ~ of zero as in the sample No. 2003 

is not preferable since the insulation resistance is low and 

the voltage dependency of the insulating resistance is 

larger than that of the composition system containing 

BaZr03 • It is also ·not preferable that the BaZr03 content p 
.. 

is more than 0.06 as in the sample No. 2004 because the 

temperature characteristic does not satisfy the B-level 

characteristic I X7R characteristic, along with shortening 

the mean life span. Accordingly, the prefe~~ble range of 

the BaZr03 content p is 0.005 s p $ 0.06. 

It is not preferable that, as seen in the sample No. 

2005, the MqO content y is 0.001 since the insulation 

resistance becomes low.and the temperature characteristic 

does not satisfy the B-level characteristic I X7R 

characteristic. On the o.ther hand, it is not preferable 

that the MgO content y exceeds. 0.12 as in the sample No. 

2006, because the sinterinq temperature becomes high, the 

dielectric loss exceeds 2.0\, the number of rejections in 

the hUl\\idity resistance load test is extremely increased 

along with the mean life span beinq short. Accordingly, the 
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preferable range of the MgO content y is in the range of 

0.001 < y s 0.12. 

It is not preferable that, as seen in the sample No. 

2007, the MnO content g is 0.001 since measurement becomes 

impossible due to formation of semiconductors. It is not 

preferable, on the other hand, that the MnO content g 

exceeds 0.12 as seen in the sample No. 2008 because the 

temperature ch~racteristic X7R is not satisfied and the 

insulation resistance is lowe~ed besides the mean life sp~n 

becomes short. Accordingly, the preferable range of the MnO 

content g is in the range of 0.001 < g s 0.12. 

It is not preferable that, as in the sample No. 2009, 

the combined amount of y + g of the MgO content and MnO 

content exceeds 0.13 because the dielectric loss is 

increased to 2.0% and the mean life span is shortened 

besides the rejection number in the humidity resistance load 

test increases. Accordingly, the combined amount of y + g 

of the MgO content and MnO content is preferably in the 

range of y + g s 0.13. 

It is not preferabie that the BaO/Ti02 ratio m is less 

than 1.000 as in the sample No. 2010 because measurements 

are impossible due to formation of semiconductors. It is 

also not preferable that, as seen in the sample No. 2011, 

the BaO/Ti02 ratio m is 1.000 since the insulation 
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resistance as well as the AC and DC breakdown voltage 

becomes low along with shortening the mean life span. It is 

not preferable, on the other hand, that the BaO/Ti02 ratio m 

is over 1.035 as in the samples No. 2012 and 2013 since 

measurements becomes impossible due to insufficient 

sintering. Accordingly, the BaO/Ti02 ratio m in the range 

of 1. 000 < m $ 1.·035 is preferable. 

It is not preferable that the amount of addition of 

the first or second side component is zero as in the samples 

No. 2014 and 2016 because measurements are impossible due to 

insufficient sintering. It is not preferable that the 

amount of addition of the first or second side component 

exceeds 3.0 parts by wei.ght as seen in the samples No. 2015 

and 2017, on the other hand, because the dielectric loss 

exceeds 1.0% and the insulation resistance and insulation 

breakdown voltage are lowered along with shortening the mean 

life span. Accordingly, the preferable content of either. 

the first or the second components is 0.2 to 3.0 parts by 

weight. 

The contents of· the alkali earth metal oxides 

contained in barium titanate as impurities are suppressed 

below 0.02% ·by weight because, when the contents of the 

alkali earth metal oxides exceeds 0.02% by weight as in the 

sample No. 2018, the dielectric constant is decreased. 
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A material with a . composition of Bao1 •010·Ti02 + O. 03Gd203 

+ 0.025BaZr03 + 0.05Mg0 + 0.01 MnO (mole ratio) was prepared 

using barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 

as in Example 1, except that an oxide represented by Li20-

(Si, Ti)02-MO shown in Table 2006, having a mean particle 

size of 1 µm or less produced by heating the material 

described above at 1200 to 1500 °C, was added as the first 

side component. The overall dimensions of the monolithic 

ceramic capacitor produced is the same as in Example 1. 

TABLE 2006 

The electric characteristics were then measured by the 

same method as in Example 1. The results are shown in TABLE 

2007. 

TABLE 2007 

As is evident from TABLE 2006 and TABLE 2007, 

preferable results are obtained in the samples No. 2101 to 

2112, 2118 and 2120 in which the oxides with compositions 
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within or on the boundary lines of the area surrounded by 

the straight lines connecting ~acb spot indi~ated by A (X • 

20, y .= 80, z = O), Bex= io,.y = eo, z = 10), c (X = 10, y 

= 10 1 z = 20), D (X = 35, y = 4S, z = 20), E (x.= 45, y • 

45, z = 10) and F (x = 45; y = SS, z = O) (wherein x, y and 

z represent mole ' and w represents mole ratio, w qei.n.g in 

the range of 0.3 $ w < 1.0 when iu falls on the line A - F) 

of the three component phase diagram of the oxides 

represented by Li20-(SJ...,, Ti1_)~MO shown in PIG. 4 are 

added, wherein the samples have a capacitance decreasing 

ratio of as small as within -45\ at an impressed voltage of 

S kV/mm and a dielectric loss of l.Ot or less, along with 

the rate of change of the electrostatic capacitance against 

temperature changes satisfying the B-level characteristic 

standard stipulated in the JIS Standard in the temperature 

range of -25 °C to +85 °C and X7R-level characteristic 

standard stipulated in the EIA standard in the temperature 

range of -55 °C to +125 °c. 

Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 Q·F or more and 200 C·F or more, respectively, when the 

ceramic capacitor is used under a high electric field · 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

·--·-·-----·-~-----

iiifli ii1i1i1Mr 
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and 14 kV/mm or more under the DC voltage. In additi~n, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

When the oxide represented by Li20-(Si,,Ti1_.)02-MO has a 

composition outside of the composition described above as in 

the samples No. 2113 to 2117 and 2119, on the other hand, 

sintering becomes insufficient or many rejection appear in 

the humidity resistance load test even after sintering. 

When the composition falls on the line A - F and w = 1.0, 

the sintering temperature becomes high, giving a lot of 

rejections in the humidity resistance load test as shown in 

the samples No. 2119 and 2121. When the value of w is less 

than 3.0, the sintering temperature becomes so high that 

many rejections appear in the humidity resistance test as 

shown in Sample No. 2122. 

(Example 15) 

A material with a composi~ion of Bao1 • 0 ~·0·Ti02 + 0. 03Dy203 

+ 0.02BaZr03 +-o.os MgO + 0.01 MnO (mole ratio) was prepared 

using barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 

as in Example 1, except that an oxide represented by Si02-

Ti02-XO shown in Table 2008, having a mean particle size of 

11l1fii1i1ilii ! 
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1 µm or less produced by heating the material described 

above at 1200 to 1500 °C, was added as the second side 

component. The amounts of addition of Al203 and Zr03 are 

indicated by-parts by weight relative to 100 parts by weight 

of the second side component (xSi02-yTi02-zXO). The overall 

dimensions of the monolithic ceramic capacitor produced is 

the same as in Example 1. 

TABLE 2008 

The electric characteristics were then measured by the 

same method as in Example 1. The results are shown in TABLE 

2009. 

TABLE 2009 

As is evident from TABLE 2008 and TABLE 2009, 

preferable results are obtained in the samples No. 2201 to 

2212, in which oxides with compositions within or on the 

boundary lines of the area surrounded by the straight lines 

connecting each.spot indicated by A (x = 85, y = 1, z = 14), 

B (X = 35, y = 51, z = 14), c (X = 30, y = 20, z = 50) and D 

(X = 39, y = 1, z = 60), (wherein x, y and z represent mole 

%), of the three component phase diagram of the oxides 

iii1i1i1riinr 1 

• 
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represented by Si02-Ti02-XO shown in FIG. 5 are added, 

wherein the samples have a capacitance decreasing ratio of 

as small as within -45t at an impressed voltage of 5 kV/mm 

and a dielectric loss of 1.0t or less, along with the rate 

of change of the electrostatic capacitance against 

temperature changes satisfying the B-level characteristic 

standard stipulated in the JIS Standard in the temperature 

range of -25 °C to +BS °C and X7R-level characteristic 

standard stipulated in the EIA standard in the temperature 

range of -55 °c to +125 °c. 
Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 C·F or more and 200 C·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more and no rejections were 

found in the humidity resistance load test besides enabling 

a relatively low firinq temperature of 1300 °C or less. 

·When the oxide represented by Si02-TiOZ'-xo has a 

composition outside of the composition described above as in 

the samples No.~ to ~"i~ on the contrary, sintering v ,/ 
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becomes insufficient or many rejection appear in the 

humidity resistance load test even after sintering. 

While a monolithic capacitor having an insulation 

resistance of 5400 C·F or more and 300 O·F or more at 25 °C 

and 150 °C, respectively,_ under a strong electric field of 

10 kV/mm can be obtained by allowing Al203 and/or zro2 to 

contain in the Si02-Ti02-XO oxides as in the SaJl!.ple No. 2211 

and 2212, sintering property is extremely decreased when 

Al203 and Zr02 are added in an amounts of 15 parts by weight 

or more and 5 parts by weight or more, respectively, as in 

the samples No. 2217 and 2218. 

(Example 16) 

Four kinds of barium titanate (BaTi03 ), an oxide 

powder as a first side component and an oxide powder as a 

second side component were obtained by the same method as in 

Example 1. 

Then, BaC03 for adjusting the mole ratio Ba/Ti in 

barium titanate, Eu203 , Gd203 , Tb203 , Dy2031 Ho2031 Er2031 ~03 

and Yb203 , and MnO, each having a purity of 99% or more, 

were prepared. These raw material powders and the oxides 

described above to be either the first or the second 

component were weighed so as to be the composition in TABLE 

2010 and TABLE 2011. The amounts of addition of the first 
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and second side components are defined by the amount of 

addition relative to 100 parts by weight of (BaO).Ti02 + 

aR203 + f}BaZr03 + yMnO. A monolithic ceramic capacitor was 

produced by the same method as in Example 1 using these 

weighed materials. The overall dimensions of the monolithic 

ceramic capacitor are the same as in Example 1. 

TABLE 2010 

TABLE 2011 

The electric characteristics were measured by the same 

method as in Example 1. The results are shown in TABLE 2012 

and TABLE 2013. 

TABLE 2012 

TABLE 2013 

It is evident from Table 2010 to TABLE 2013 that the 

monolithic ceramic capacitor according to the present 

invention has a capacitance decreasing ratio of as small as 

within -40% or less at an impressed voltage of 5 kV/mm and a 

dielectric loss of ·less than 1.0 %, wherein the rate of ..... 

·-, 
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change against temperature changes satisfies both the 

B-level characteristic standard stipulated in the JIS 

Standard in the temperature range of -25 °C to +85 °C and 

X7R-level characteristic standard stipulated in the EIA 

standard in the temperature range of -55 °C to +125 °C. 

Moreover, the insulation resistances at 25 °c and 150 

°C as expressed by the product CR show as high values as 

5000 '2·F or more and 200 '2·F or more, respectively, when the 

ceramic capacitor- is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °c or less. 

The reason why the composition was limited in the 

present invention will be described hereinafter. 

In the composition of (BaO).Ti02 + aR203 + paazr03 + 

yMgO (wherein ~03 represents at least one compound selected 

p and y representing mole ratio, respectively), the Mn203 

content a of less than 0.001 as shown in the sample No. 2301 

is not preferable because the temperature characteristics 

does not satisfy the B-level characteristics I X7R 
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characteristics. on the other hand, the Mn203 content a of 

more than 0.06 as shown in the sample No. 2302 is also not 

preferable because the specific dielectric constant becomes 

as small as less than 900. Accordingly, the preferable 

range of the Mn203 content a is 0.001 ~ a ~ 0.06. 

The BaZr03 content p of zero as in the sample No. 2303 

is not preferable since the insulation resistance is low and 

the voltage dependency of the insulating resistance is 

larger than that of the composition system containing 

BaZr03 • It is also not preferable that the BaZr03 content p 
is more than 0.06 as in the sample No. 2304 because the 

temperature characteristic does not satisfy the B-level 

characteristic I X7R characteristic, along with shortening 

the mean life span. Accordingly, the preferable range of 

the BaZr03 content p is 0.005 ~ p s 0.06. 

It is not preferable that, as seen in the sample No. 

2305, the MgO content y is 0.001 since measuring is 

impossible due to formation of semiconductors. on the other 

hand, it is not preferable that the MgO content y exceeds 

0.13 as in the sample No. 2306, because the temperature 

characteristic X7R is not satisfied and the insulation 

capacitance is low along with the mean life span being 

short. Accordingly, tbe Mn content y is preferably in the 

range of 0.001 s y < 0.13. 

----·--------
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It is not preferable that the Ba0/Ti02 ratio m is less 

than 1.000 as in the sample No. 2307 because measurements· 

are impossible due to formation of semiconductors. It is 

also not preferable that, as seen in the sample No. 2308, 

the BaO/~i02 ratio m is 1.000 since the insulation 

resistance as well as the AC and DC breakdown voltage 

becomes low along with shortening the mean life span. It is 

not preferable, on the other hand, that the BaO/Ti02 ratio m 

is over 1.035 as in the samples No. 2309 and 2310 since 

measurements becomes impossible due to insufficient 

sintering. Accordingly, the BaO/Ti02 ratio m in the range 

of 1.000 < m $ 1.035 is preferable. 

It is not preferable that the.amount of addition of 

the first or second side component is zero as in the samples 

No. 2311 and 2313· because measurements are impossible due to 

insufficient sinterin9. It is not pre~erable that the 

amount of addition ~f the first or second side component 

exceeds 3.0 parts by·weight as seen in the samples No. 2312 

and lIL':t·on the other hand, because the dielectric loss \./" 

exceeds 1.0% and the insulation resistance and insulation 

breakdown voltage are lowered along with shortening the mean 

life span. Accordingly, the preferable content of either 

the first or the second components is 0.2 to 3.0 parts by 

weight. 
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The contents of the alkali earth metal oxides 

contained in barium titanate as impurities are suppressed 

below 0.02% by weight because, when the contents of the 

alkali earth metal oxides exceeds 0.02% by weight as in the 

sample No. 2315, the dielectric constant is decreased. 

(Example 17) 

A material with a composition of Bao1 •010·Ti02 + 

O.OlSH0203 + 0.01BaZr03 + 0.03 MnO (mole ratio) was prepared 

using barium titanate in TABLE lA as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 

as in Example 1, except that an oxide represented by Li20-

(Si, Ti)02-MO shown in Table 2006, having a mean particle 

size of 1 µm or less produced by heating the material 

described above at 1200 to 1500 °C, was added as the first 

side component. The overall dimensions of the monolithic 

ceramic capacitor produced is the same. as in Example 1. The 

electric characteristics were measured by ~he same method as 

in Example 1. The results are shown in TABLE 2014. In 

Table 2014, the samples No. 2401 to 2422 correspond to the 

samples No. 2101 to 2122 in TABLE 2006. For example, the 

sample No. 2401 in TABLE 2014 was obtained by adding the 

side component of the sample No. 2101 in TABLE 2006. 
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As is evident from the samples No. 2401 to 2412, 2418 

and 2420, preferable results are obtained in the samples in 

which oxides of the samples No. 2101 to 2112, 2118 and 2120 

in TABLE 2006 with compositions within or on the boundary 

lines of the area surrounded by the straight lines 

connecting each spot indicated by A ( x = 2·0, y = 8 O, z = O) , 

B (X = 10, y = 80, z = 10), C (X = 10, y = 70, z = 20), D (X 

= 35, y = 45, z = 20), E (x = 45, y = 45, z =10) and F (x = 

45, y = 55, z = 0) (wherein x, y and z represent mole %, w 

represents mole ratio, w being within the range of 0.3 ~ w < 

1.0 when it falls on the line A - F) in the three component 

phase diagram of the oxides represented by Li20- (Si,,, Ti1_ 

w)02-MO in FIG. 4 are added, wherein the samples have a 

capacitance decreasing ratio of as small as within -40% at 

an impressed voltage of 5 kV/mm and a dielectric loss of 

1.0% or less, along with the rate of change of the 

electrostatic capacitance ·against temperature changes 

satisfying the B~level characteristic standard stipulated in 

the JIS standard in the temperature range of -25 °c to +85 

°C and X7R-level characteristic standard stipulated in the 

EIA standard in the temperature range of -55 °c to +125 °C. 

Moreover, th~ insulation resistances at 25 °C and 150 
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0 c·as expressed by the product CR show as high values as 

5000 C·F or more and 190 C·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 

When the oxide represented by Li20-(Sj,,, Ti1-w)02-MO has 

a composition outside of the composition described above as 

in the samples No. 2113 to 2117 and 2119, on the other hand, 

sintering becomes insufficient or many rejection appear in 

the humidity resistance load test even after sintering as 

seen in the samples No. 2413 to 2417 and 2419 in TABLE 2014. 

When the composition falls on the line A - F and w = 1.0 as 

in the samples No. 2119 and 2121 in TABLE 2006, the 

sintering temperature becomes high and many rejects appear 

in the humidity resistance load test. When the value of w 

is less than 0.30 as in the sample No. 2122 in TABLE 2006, 

he sintering temperature becomes high and many rejects 

appear in the humidity resistance load test as seen in the 

sample No. 2422 in TABLE 2014. 
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A material with a composition of Ba01 •010·Ti02 + 

0.025Eu20 3 + O.OlBazro, + o.os MnO (mole ratio) was prepared 

using barium titanat~n TABLE 1).{as a dielectric powder. A 

monolithic ceramic capacitor was produced by the same method 
gl e,__ T)o:i. -'"lttJ 

as in Example 1, except that an oxide !d;e (Sl:, 'i'i)02 MO-

shown in Table~- having a mean particle size of 1 J1Jf1 or 

less produced by heating the material described above at 

1200 to 1500 •c, was added as the second side component. 

The overall dimensions of the monolithic ceramic capacitor 

produced is the same as in Example 1. The electric 

c~aracteristics were measured by the same method as ih 

Example l • The results are shown in TABLE 2 o ls. In Table 

2015, the samples No. 2501 to 2519 in TABLE 2015 correspond 

to the samples No. 2201 to 2219 in TABLE 2008. For example, 

the sample No. 2501 in TABLE 2015 was obtained by adding the 

side component of the sample No. 2201 in TABLE 2008. 

'?ABLE 2015 

U-11,... J 
As is evident from the samples No·. 2501 to ~in 

TABLE 2015 , preferable results are obtained in the samples 

in which oxides ot the samples ~o. 2201 to 2212 in TABLE 

2008 with compositions within or on the boundary lines of 

Vv' 

v 
J 
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the area surrounded by the straight lines connecting each 

spot indicated by A (x = 85, y = 1, z = 14), B (X = 35, y = 
51, z = 14), c (X = 30, y = 20, z = 50) and D (X = 39, y = 
1, z = 60) (wherein x, y and z represent mole %) in the 

three component phase diagram of the Si02-Ti02-XO oxides 

shown in FIG. 5 are added, wherein the samples have a 

capacitance decreasing ratio of as small as within -40% at 

an impressed voltage of 5 kV/mm and a dielectric loss of 

1.0% or less, along with the rate of change of the 

electrostatic capacitance against temperature changes 

satisfying the B-level characteristic standard stipulated in 

the JIS Standard in the temperature range of -25 °C to +85 

°C and X7R-level.characteristic standard stipulated in the 

EIA standard in the temperature range of -55 °C to +125 °c. 

Moreover, the insulation resistances at 25 °C and 150 

°C as expressed by the product CR show as high values as 

5000 Q·F or more and 200 Q·F or more, respectively, when the 

ceramic capacitor is used under a high electric field 

strength of 10 kV/mm. The insulation breakdown voltage also 

shows high values of 12 kV/mm or more under the AC voltage 

and 14 kV/mm or more under the DC voltage. In addition, an 

acceleration test at 150 °C and DC 25 kV/mm gave a mean life 

span as long as 800 hours or more besides enabling a 

relatively low firing temperature of 1300 °C or less. 
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When the oxide Si02-Ti02-XO has a composition outside 

of the composition described above as in the samples No. . . 

2213 to 2119 in TABLE 2008, on the other hand, sintering 

becomes insufficient or many rejection appear in the 
. 

humidity resistance load test even ~fter sintering as seen 

in the samples No. 2513 to 2519 in TABLE 20l5. 

While a monolithic capacitor having an insulation 

resistance of 5400 Q•F or more and 330 Q·F or more at 25 •c 

and 150 °c, respectively, under a strong electric field of 

10 kV/mm can be obtained by allowing Al203 and/or Zr02 to 

contain in the SiC>i-Ti02-XO oxides as in the sample No. 2211 

and 2212 in TABLE 2008, sintering property is extremely J. 
decreased as shown in the samples NO. 2Sl7 and~ in TABLE 

2015 when Al20, and zro, are added in an amounts of 15 parts 

by weight or more and 5 parts by weight or more, 

respectively, as in the samples No. 2517 and 2518 in TABLE 

~ ./ 
Although powders prepared by the oxalic acid method 

are used in the foregoing examples, the methods are not 

limited thereto but a powder of barium titanate prepared by 

an alkoxide method or hydrothermal synthesis method may be 

used. It may happen that the characteristics of the 

monolithic ceramic capacitor are more improved than those 

shown in the foregoing examples by using these powders. 

"-911 P.25 
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The oxide powders as starting materials are not 

limited to those hitherto described, but the resulting 

characteristics are not affected in any sense by using a 

solution of an alkoxide or organometallic compound, provided 

that the starting materials are formulated so as to 

construct the dielectric ceramic layers within the scope of 

the present invention. 

It can be made clear from the foregoing descriptions 

that the dielectric ceramic composition according to the 

present invention is not reduced by firing in the reducing 

atmosphere along with not being formed into semiconductors, 

besides sintering is possible at a relatively low 

temperature of 1300 °C or less. 

Accordingly, when a monolithic ceramic capacitor is · 

constructed by using this dielectric ceramic composition as 

dielectric ceramic layers, the production cost of the 

monolithic ceramic capacitor can be reduced since base 

metals such as nickel or nickel alloys may be used for the 

electrode materials. 

When the monolithic ceramic capacitor using this 

dielectric ceramic composition is used under a high electric 

field of 10 kV/mm where reliability can not be ensured due 

to low insulation resist~nce in the monolithic ceramic 

capacitor using nickel or nickel alloys for the conventional 



T00462VO.DOC 

- - - 92 -

THIS SHEET HAS BEEN 
REPLACED 

\ \11\1\\ \Ill\\ \\\I \I\ \II\ 

inner electrodes, a monolithic ceramic capacitor being 

excellent in weather resistance properties such as high 

temperature load at an impressed voltage of DC 25 kV/mm at 

150 °C and humidity resistance load can be obtained, wherein 

the insulation resistances at room temperature and at 150 °C 

represented by a product of the insulation resistance and 

electrostatic capacitance (a CR product) becomes as high as 

4900 to 5000 r.l·F and 190 to 200 r.l·F, respectively, the 

voltage dependency of the insulation resistance is low, the 

capacitance decrease ratio at an impressed voltage of 5 

kV/mm is as small as 40 to 45% and the insulation durability 
-' 

is high, besides the temperature characteristics of the 

electrostatic capacitance satisfies the B-level 

characteristic standard stipulated in the JIS Standard and 

X7R-level characteristic standard stipulated in the EIA 

standard. 
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~ 
•"l Ba TIO' a 
d) O)flll Sc20a Y20a 

•1 A 0 0.0008 

•2 A 0.03 0.03 

•3 A 0.01 0.01 

•4 A· 0 0.001 

•5 A 0.01 0.02 

•6 A 0.01 0.01 

•7 A . 0 0.01 

•8 ,. A 0.01 0.02 

•9 A 0.01 0 

•10 . A. 0.01 0.01 

•11 ·A 0.01 0 

•12 A 0.01 0.02 

•13 A 0.005 0.005 

•14 A 0.01 0 

•15 A 0.005 0.005 

•16 A 0.01 . 0 

•17 A 0 0.01 

•18 A 0 0.01 

•19 A 0. 0.01 

•20 A 0.01 0.01 

*21 D 0 0.01 

22 A 0 0.001 

23 B 0.01 0.01 

(1) s~~ptc No. 
@ /<.~"''- of B~Tt o 3 

(l) !Otal o.J J. 

@ Iota( of f' 

a(I)' 8 /HD' er+ /J 
'€tit Eu20~ Gd20:i Tb20a Oy;O~ . -att 

·0.0008 0 0.05 0 0 . 0.05 0.0508 

0.06 0 0 0.001 0 0.001 0.061 

0.02 0 0 0.0008 0 0.0008 0.0208 

0.001 0 0.03 0.02 0.02 0.07 0.071 

0.03 0.02 0 0 0.02 . 0.04 0.07 

0.02 0 0.02 0.02 0 . 0.04 0.06 

0.01 .0 0 o· 0.02 0.02 0.03 

0.03 0 0 0.01 0.01 . 0.02 0.05 

0.01 0.01 0 0 . 0 . : 0.01 0.02 

0.02 0.01 0.01 0 . 0 • 0.02 0.04 

0.01 0 0.01 0 0.01 . 0.02. 0.03 

0.03 0.02 0 0 0.02 ! 0.04" 0.07 

0.01 0 0.01 0.01 . 0 .~ : 0.02: 0.03 

0.01 0.01. 0.005 0.005 0.01"" ·i·0.03· 0.04 

0.01 0 0 0.01 o··· •. 0.01 0.02 

0.01 0.01 0 0 0.01 ~ 0.02· ·0.03. 

0.01 0 0 0.01 0.01 I 0.02. 0.03 

0.01 0 0.01 0.01 0.01 : 0.03 0.04 .. 

0.01 0.01 0.01 0 o· . . l 0.02 0.03 

. 0.02 0 0 0.01 . 0 .. ! 0.01 0.03. 

0.01 0 0.01 0.02 0 I 0.03 0.04' 

0.001 0.02 0 0.009 0 .0.029 0.03 

0.02. 0 . 0.01 0 0 ., 0.01 0.03 

T g h 1+h 
........ ......... . .. .. 

0.02 ·o.os 0.07 0.12 

0.03 ·o.04 0.08 0.12 

0.03 0.02 0.03 0.05 

0.03 0.03 0.1 0.13 

0.03 0.12 0.01 0.13 

0 0.07 0.06 0.13. 

0.08 0.03 0.04 0.07 
0.02 0.001 0.069 0.07' 

0.02 0.125 0.005 0.13 
·0.02· 0.079 0.001 0.08 

0.02 ·o.oos 0.13 0,13 

0.03· ··o.os 0.08 0.14•! 
0.03• ·0.03 0.025 o.o5s= 

·0.04• ··0.04 . 0.03 0.07 . 
··0.04· -0.02 0.03 0.05. 

0.02· 0.03 0.02 0.05 
0.02 0.03 0.04 0.07. 

0.02. ·0.04 0.03 0.07 
0.02· ·.0.02 0.04 0.06' 

0.02" -o.oo 0.02 0.05 . 

0.03' -0.04 0.05 0.09 

0.02 ·0.0'4 0.01 0.05 

0.03 ··0.03· 0.02 0.05 

m st0•m• 
c•••> 

1.005 1 
1.005 1 
1.005 1 
1:01 1 
1.01 1 
1.01 1.5 
1.01 1.5 
1.01 1 
1.01 1 
1.01 1 
1.01 1 
·1.01 . 1 

0.99 1 
1.00 1 
1.038 1 
1.05 0 
1.01 .. 0 

1.01 5 . 

1.01 .0 
. 1.01 .. 0 

1.01 2 
1.015 1 • 

1.02 1 
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24 c 0.01 0.02 0.03 0 0 0 0.01 0.01 0.04 0.03 0.12 0.002 0.122 1.03 

25 A 0.01 0.03 0.04 0 0 0.01 0 0.01 0.05 0.03 0.07 0.06 0.13 1.02 

26 A 0.01 0.04 0.05 0 0.01 0 0 0.01 0.06 0.03 0.002 0.12 0.122 1.01 

27 A 0.005 0.005 0.01 0 0 0 0.001 0.001 0.011 0.02 0.01 0.02 0.03 1.01 

28 A 0 0.01 0.01 0.01 0.01 0 0 0.02 0,03 0.02 0.03 0.02 0.05 1.01 

29 A 0 0.01 0.01 0.02 0 0.01 0 0.03 0.04 0.02 . 0.05 0.03 0.08 1.015 

30 A 0 0.01 0.01 0 0.04 0 0 0.04 0.05 0.02 0.06 0.03 0.09 t.Ot 

31 A 0 0.01 0.01 0 0.03 0 0.02 0.05 ·o.o& 0.02 0.05 0.08 O.t 1 1.01 

32 A 0.01 0.02 0.03 0 0 0.02 0 0.02 0.05 0.02 0.05 0.04 0.09 1.01 
33 . A 0.01 0.02 0.03 0 0 0 0.03 0.03 0.06 0.03 0.06 0.04 . 0.1 1.0f 

34 A 0 0.01 0.01 0 0.02 0 0 0.02 0.03 0.01 0.03 0.02 0.05 1.01 

35 A 0.01 0.01 0.02 0.02 0 0: • 0 0.02 0.04 0.04 0.05 ·.0.03 0.08 1.01 

36 A 0.01 0.01 0.02 0 0.01 0.01. 0 0.02 0.04 0.06 0.05 0.02 0.07 1.01 

37 A 0.01 0.01 0.02 0 0 0.01 0.01 0.02 0.04. 0.03 ·0.04 0.03 0.07 1.01 

38 A 0.01 0.01 0.02 0.01 0 0 0 0.01 0.03 0.03 0.04 0.015 0.055 1.01 

39 A 0.01 0.01 0.02 0 . 0.01 0 0 0.01 0.03 0.02 0.03 0.04 0.07 t.01 

40 A 0 0.02 0.02 0 0 0.01 o: 0.01 0.03 0.02 0.03· 0.02 0.05 1.01 

41 A 0 0.02 0.02 ·. 0 0 O· 0.01 0.01 0.03 0.02 .0.03 0.03 0.06 1.001 

42 A 0.02 0 . 0.02 0.01 0.01 0 ; 0 0.02 0.04 0.03 0.04 0.03 0.07 1.01 

43 A 0.01 0.01 0.02 0 0 0.01 0.01 0.02 0.04 0.03 0.03 0.05 0.08 1.035 

44 A 0.01 0.01 0.02 0 0.02 0 . 0 0.02 0.04 0.03 0.04 0.03 0.07 1.015 

45 A 0.01 0.01 0.02 0 0 o· 0.01 ·.0.01 0.03 0.03 0.03 0.02 o.os 1.01 

46 A. 0 0.02 0.02 0 0 0 .' 0.01 0.01 0.03 0.03 0.02 0.04 o:os 1.01 

47 A 0 0.02 0.02 0.01 ·O 0.01 0: :0.02 0.04 '0.03 0.05 0.02 0.07 . 1.01 

(f) s ~ft'4.I' le. No. 
· (j) Klu of ~Ti O 3 

® Total of J.. 
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(J2 Sa~ple. No. ® o:~{e.e:t1i(..I C.Oft\S l.aft\f @ Maximu~~ v~(~e,, ~ proJ.ud: CR. 
(!) Ba/<l.tA.a fe~. @ Diet~ct.r~v los.5 (/) i>C vlas vftq1ade;istlc · 
~ Ra);.'o oi J ~"6 aiP-re Joftmtl• t= ~.u._rl.~ e.0-fo..ub,r ~~ 
~ ....... ,,,.... ........ ' - .. -·-· - . -- ... -- .... _ ... .~ , 

bC.f:J !Ill .... •• 8 • :.I II ~ it • (%) I 0Cn°.t7'. CRaCo•F.). •••••tt ltilft.tli ·-•II- :arr ti~ AC/C20 AC/C2s ·~ .. 1!(96) 31,~9_4, a=1,~94sv (kV/mm) Im •• 
c-C> tan8 -25"C 85"C -55"C 125"C • .AC/C QJ QJ . ·QI .. QJ~ AC DC ~lHHt 8'111 

(96) SkV/nim . .. 25'C·· ... •· ~ ..... ·160'C . 
(h) . ····· .. .. 

•1 1300 . 1210 0.7 5.6 -12 6.4 -17.5 21 -21 5110 4860 220 210 12 14 0/72 960 

•2 1300 960 0.7 2.3 -7.8 4.7 -6.9 8.7 ·-16 . 8520 8090 ··200· 190 12 14 0/72 910 
•3 1300 1550 0.7 3 -7.9 5 -6.8 8.5 -42 3020 ·2870 ·· 120 110 13 . 14 0/72 930 
•4 1300 920 0.7 6 -12.9 7.5 -19 25.3 -14 .. 5060 ·4810 -250· .. 240 · 12 14 0/72 120 
•5 1280 960 2 2.1 -8 4.2 -7.1 ·8.5 ... ··-14 .. 5070 ·4820 ""260- ·: 250 12 14 10/7~ 180 
•6 1280 1070 0.7 1.9 -8.2 3 -7.5 8.9 ..... ·-18 . 3120 2180 .... 140 .. ... 100 12· 14 0/72 870 
•7 1300 1440 0.7. 2.2 -14.3 4.5 -31.5 36.2 . -36 5160 4900 .. 240 ... 230 12. . 14 0/72 180 
•8 1280 1280 0.8 2.2 -12.5 4.6 -16.3 21.3 ··-26 3090 2940 .... 130 . . ··120 13 14 0/72 950 
•9 1360 1530 2.6 ·2.3 -7.7 5 -7.5 ·e.5 .. -43. 5110 .. 4950 -230 . 220 12 14 53/7:2 120 
•10 * iJ f* it (/) t:: N> : IQ · ~ :·: ·~ · -fl /HJ .... . . 

...:,;.:..~. I·· . : 

•11 1280 1460 0.7 3 -8.5 . 5.1 -17.9 23.6 ... -38 3160 2990 -·150 140 12 14 0/72 150 
•12 1280 940 2.1 2.3 -8.2 4.5 -8.5 :8.7 . ·-14. 5060 4800 ··240 230 12 14 9/72 100 
•13 * • f* i~ .. (/) t: N>. m•· ·~. ~~ .. a ·l[i/.) . -........ ••· • . ··•· I· . . ..... • •' I 

•14 1300 1360 0.7 3.4 -8.4. 5.3 -8 9.3 ·-30 3200 3040 •· 160 .. 150 10 11 0/72 130 
•15 ti • ~ ~ (/) t::. II> ·. :Aq ~ ~ ···ft tf.. '17 .• ... t .. I' . . 
•16 • M ~ .IE (/) t::. II> jJlq . ~ ~ • • lfji) 

. . . 
• i' 

•17 ti f.a ~ .IE (/) t::. II> j.l··~·~ • (J ~· 
. ... 

•18 1300 1320 2.6 3.3 -8.3 5.1 -8.2 9.2 ... ~.-25 . 3250 3090 · 170 160 11 12 0/72 150 
•19 JI· M ~ JE. (/)· t: ~ 1 >M 2 .'· ~ .. RI (!SJ '. ..• :· ·. ":" . ~·· .. . . . 11 ; 

•20 1300 1470 2.6 1.9 -8.7 4 -8 i9,3 ······-41. 3300 3140 ··180 170 12 12 0/72 110 
•21 1300 1140 0.6 2.2 -8.9 7 ·-8.3 :9,5 .. -26 .. 5180 4920 ·280 270 12 14 0/.72 860 
22 1280 1480 0.7 5.2 -7.2 6.5 ·-7 . ;8,7 .. --39. 5090 ·4840 "270 260 . 12 15 0/72 920 
23 1280 1460 0.7 1.6 . -7.6 7 . . -7.2· ·a.a . ..... -39. 5020 4770 ··250· 240 12 14 0/72 940 
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CD Safi1vfk· No. <1J 0 te le-c. tt~ v co,nst*ft't t 
~ ba k.lt+ta f.e~. @ o i."' le-cf::ri (/ lo -;5 

\J.J ~ ~/ \;]./ V" 

&(ff •• • •• •• 3 • =. •• it * (%) 

•.JJ ;&If •* AC/Czo AC/Czs •* ("C) tan8 -25°C 85°C -55~ 125°C I (%) . 

24 1280 1350 0.6 1.7 -8.5 5.9 -7.8 8.9 
25 1300 1260 0.6 2 -8.7 5.1 -8.2 9.5 
26 1300 1080 0.7 2.1 -8.8 5.5 -8.3 9.2 
27 1300 1650 0.6 2.1 -7.5 6.1 -7.5 8.7 
28 1300 1410 0.7 3 -7.9 6.7 -7.3 8.8 
29 1280 1370 0.6 3.1 -8.2 6 -7.8 8.8 
30 1280 1230 0.6 2.1 -8.5 5.8 -7.9 9.5 
31 1300· 1Q30 0.6 2 -8.9 5 -8.2 9.2 
32 1300 1260 0.6 1.9 -7.9 4.8 -7.5 8.7 
33 1300 1060 0.6 2 -8 4.9 -7.8 8.6 
34 1280 1420 0.6 2 -8.2 5.3 -7.9 8.9 
35 1280 1360 0.6 2 -7.8 5.7 -8 8.6 
36 1300 1370 0.7 2.5 -7.9 6 -7.6 8 
37 1300 1350 0.6 2 -8 6.1 -7.7 8.5 
38 1300 1470 0.6. 2 -8.1 5.8 -8 8.6 
39 1280 1440 0.7 2.6 -8.1 5.9 -7.9 8.7 
40 1280 1480 0.7 2.5 -8.5 6 -8.2 9.2 
41 1280 1460 0.6 2 -7.8 6.7 -8 8.6 
42 1300 1380 0.6 2.7 -7.9 6 -8.2 8.7 
43 1300 1350 0.6 2 -8.1 5.8 -8 8.5 

R,d;.'o 1 i'1!1Af>.Ua.futL- dif~ ~ei.l-e~ ~ 
<ff) Retls vf le;acpc 1 ilt"n r:A4'1fJ eA 

("ft &-.c &ta:#~a 4-~-· 1·f1it,, 11.«e. -to- {..;:~er:rfu:re. <i~e. 

@~@@ ! \..!./ .... .,.. ••...,..~-FJ v, ~Kii-, r UCIJ 

DCl\"4'7.1. (1{ CRfl( g •F.) . aean•a 
ftit(%) 

311:ll ~9~ 31,~94~ (kV/mm) 

AC/C ffJ I at QJ1JJ' AC DC 
SkV/mm 25"C· 1 SO'"C 

-31 5280 5020 ·:290 280 12 15 
-23 5130 4870 270 260 12 14 
-17 5200 4940 . 220 210 ·12 15 
-45 5210 4950 .230 220 12 14 
-36 5290 5030 .'-280. 270 12 14 
-33 5200 4940 : 290 280 13 14 
-22 5260 5000 . 250 240 12 14 

. -15 6240 4980 j.210. 200 12 14 
-21 5010 4760 :~200 \ 190 12 · 14 
-16 5230 4970 b260' 260 '12 14 

:. -36 . 5060 .4810 11:290·1 270 12 14 
-30 5260 5000 ".230 .· 220 12 15 
-32 5100 4850 ·220. 210 12 14. 

. -32 5070 4820 --250. 240 ·12 14 

. -39 5090 4840 -230.· 220 13 14 
-39 5100 4850 :240 230 . 13 14 
~40 5210 4950 1:210 200 12 14 
-40 5220 4960 . 260 250 12 14 
-30 5160 4900 ·230 220 12 14 
-30 5360 5090 250 240 12 ·14 

iCill..Jr 
JG 

'FAile 

0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 

lll!SJ 

•• ltM 
(h) 

990 
890 
950 
820 
850 
900 
870 
920 
920 
870 
850 
820 
850 
890 
900 
870 ··-

910 ~ 
890 ~ 
920 liiiiiiiiiii 
900 ~ 

>-1 
""" (\" 

~ 1~ 
1: 

~-
(j) 

:;o U> 
m:c -om 
~~ 

44 1300 1320 0.6 2.5 -B.2 5.9 -7.7 8.9 . -25 5180 ·4920 2.30 220 · 12 14 0/72 880: ():C 
m> 
OU> 45 1300 1450 0.7. 2.3 -8.3 7.2 -7.8 8.8 . -38 5190 4930 290 280 . 12 

46 1280 1430 0.7 2.3 -8 6.8 -7.9 ·8.8 .. -38 5230 4970 .\270 260 12 
47 1300 1440 0.6 2.2 -7.9 6.5 -7.5 8 -38 5260 5000 . 260 250 12 

@ Mqxittt~I"' '(~ lu.e,, ©pc vi:is Clhci-T~cteri:si<e,.. © P-r.odM.e"t cR. · · 
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14 0/72 
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~8'.j ~ble 6 
THIS SHEET HAS BEEN 
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1111111111111111111111111 . 
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(i) 

flim:1: 
('3} .. , (/) an 6'. it 

-~ r.s. • Iii: ( .:CJS..% .. 4Bt...W~B.t<> <•••> Li20 (Si., Ti1.,.)02 w Al20s Zr02 
101 1 20 

. . 
80 -·· .. 0.3 0 0 

102 1 10 80 0.6 5 5 
103 0.8 10 70 0.5 20 ·, 0 
104 o.s·· - 35 .. 45. . 1 10 10 
105 1.5 45 45 0,5 10 0 
106 1.5 45 .. 55 o.a 0 ·o 
107. ... 

1 · :·, 20 ·- 70. .. 
·-i 0.6 5 5· 

-108 . 1 . ,, 20 _: - . · 70: .::, -: . 0.4 10 o .. · 
. 109--· __ :_1 2-.J . . ~ ~-30-+ --·- 60 !. • . .: ~0.1 .. 5 L . • 5 . --- -·l!" .. 

:·110- .. 1.2 ·1 '. "·30 :;_; : 60 :: ; 0.8 10 . : :: 0 ~~: -

111. - 2. _: . 40 :.· .50 .. .: 0.6 5 . ... 5 
. 1-12 - 2· ;.:, ~- 40 .. : ,: 50. ' . -- 0:9 0 ·10 -·. 

113 1.5 ... ' 10 85 .. ·. ···.OA 5 0 
114 ·2 5 75: • .·0.6 10 ; ; 10 
115 .. 1.2. :.' - 20 ;·.; .•. 55 . ~~. "().5 ·.;. ;·:··25 ;i ;l~O~;. ' .. 
116 1 ! 45 40; . ' 'O.B,. ; ;~o i+-1- I 15 . • : ' ! -:- l 

117. .· ·0,8 ··-· --.-50·:. --- . 45-;-:1 ~; 0.1-.... · ·-;: .5 : .. ;!'" -r::o.-• 
118 -· 1.2 . .. -25:. .. 75 ... .:. : 0.9 .. 0 _.: '4::0 ..•. . ! . •. = 

119 .1,5 25 75 """1 .. 0 -~t .1 . .-0 .... ; ~ . i - .. . . .. 
. - . 

120 1 35 65 0.9 0 ~-. ·-. :··. 0 

121 1.5 35 65 1 0.: ," · i-·o···: 

122 1.2 20 70 0.2 0 .. :, 10. 

•!,• ·• I •• 
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CD 5af'\'.p(e. No. ® Bakift'.0 tct>'f· 6) Dte(ectr1'c- cotttsf-;tJrtt. @ Dlele..-ef.rt'c.. {0$, 

~~'!cih~~· Net; U ~af.u'ff-j4~'1_ .. <tJ rvf.axlf"-11.fl". P'V~lue....-
o of_ ~·~Yi _"fe.. tM. C4-f r;_ ~ce ~ . · 

- - "'' 
_, ..._- "'- <I - , "'-• •I 

littt •lit Rt$ •• 8 :I: = 11 Jl it * (%) OC/\'.(71. l "JCRUI( g •F) tellMfltlf if:t:iur; 

•.JJ ii.ti jl~ AC/C20 AC/C2s •* MH:C%) 311~ 9~~ 31,~945)t {kV/mm) ~-("C) tancS -25"C 85"C -SS"C 125"C r! AC/C QJ ' QJ ~ QJ ~ qJfJILI AC DC 

~-·· (%) 5kV/mm 25"C .1 so"C 
101 1280 1480 0.6 2.1 -8.5 5.2 -8 8.3 -39 5090 4840 230 220 12 15 0/72 
102 1280 1490 0.6 2.3 . -8 5.6 -8.5 8.9 -40 5080 4830 240 230 12 14 0/72 
103 1280 1420 0.6 3 -8.1 4.9 -8.9 9.5 -38 5070 4820 250" 240 12 14 0/72 
1.04 1300 1400 0.6 2.4 -8.3 5 -9.2 9.5· -36 5100 4850 230 220 12 15 0/72 
105 1300 1460 0.6 2.6 -8 5.2 -9.6 9.7 -37 5120 4860 1220 210 13 14 0/72 
106 1280 1440 .Q.7 2.1 -8.9 4.8 -8.2 8.8 -37 5100 4850 . 230 220 12 14 0/72 
107 1280 1500 0.6 2 -7.9 4.9 -9.1 9.5 ~40 5230 4970 250 240 13 14 0/72 
108 1280 1480 0.6 3.1 -7.8 5.2 -9.4 '9.6 ~ -40 . 5130 4870 240 230 12 14 0/72 
109 1280 1480 0.8 2.8 -8.2 5.4 .-9 9.2 . ":'40 ·. ·5090 4840 ·:230 220 12 14 . 0/72 

110 1300 1490 0.6 2.5 -8.2 5.5 -9.5 ·=s.8· '.~ .:.JO .. .5080 4830 .220 220 12 14 0/72 
111 1300 1460 0.8 2 -8.5 5.7 -9.1 -.9.6 '.~ . ..:.3.9 . .5070 4820 220 210 12 14 0/72 
112 1280 1470 0.8 2.8 -8 5 -9 ·9.2 . -739 . 5130 4870 220 210 12 14 0/72 
113 1350 • t.a ~ Ji! (}) t: lb mt ~·.:::t' ·'fl · Oa.J r 

114 1350 M M ~ ~ (}) t:. ·N> m• ~;.:::t' '·'R ; 03) .. 
115 1350 1450 1.4 2.2 -8.9 4.8 -8.7 .: 9 .. -39. " 5..160 4900 250 240 11 13 20/72 
116 1350 f! t.a ::t' ~ (/) t: N) l• ~ ; ::t' • , .~ .. 

-
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, 

•BJ I •• 8'111 
(h) 

~ 
"' .._ 

880 ~ 

850 'J 
900 
910 
820 
820 
910 
930 
880 
860 
880 
870 

-
120 ~ ---== 117 1350 • t.a 1' ~ (}) t::. ·t) l•· ~ ~ ·fl /f3) -· 

118 1300 1450 0.6 2.3 -8.8 5.3 ..;8.9 ·'9.2 ' -739 5200 4940 ·.240 230 12 14 0/72 820 -
119 1350 1490 1.3 1.9 -8.5 4.5 -8.6 8.9. .• -:40 5190 4930 260 250 11 13 11/72 190 -
120 1300 1440 0.6 2.4 -9.2 5 -9.2' '9.3 ..... -:37 ' 51"80 4920 . '250 240 . 12 14 0/72 860 
121 1350 1460 1.3 2.1 .~a.a 4.2 ~s.1 .. ..:19 ·. r-··~37.' 5170 4910 240. 230 11. 13 22/72 120 
122 1350 1450 1.2 2.2 '-8.1 4.5 . ~8.8. ·9.2'. 7·.:-37 ,. 5200 4940 230 220 11 13 19/72 170 

<JJ oc v'i~ s et{4rae-~ei{$.f'lc.-. rt; Pra:~·~ .. . crJ r.111re.4Sj~ ::volf~b­
<l§J Iff\stA.lat~oft'l b1~~d.ot.J,x_ volt~0e...- (jj) .H1J."-LJlt;_ reslstqM.c~ loqJ tes6; Nu}"-1~ ~I r~'e..d­
@ /J1ectr- Uf ~ .Sf'"IV'- @ U/A(l4A.e-:istJ. r:i .. /J le,, JtU f> ~;.A., tkff l(./i e~ si!Ate·n',1<.d' 
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(j) c~mn Si02 Ti02 . · · · XO ... ., : ,. . .. t • : . , 

BaO Cao . SrO M1tO 

201 1 . 85 1 1 . . ! o ... 0 ..... , 
I ~.t• !O !Orn:·: 

202 1 35 51· 0 I I l 10 : .. : 0 ·.• ~n -o:~t: 

203 1 30 20 0 . . 30 .. :. 0 · .. ·i: 15.·:· .. 

204 1 39 1 20 .: . 20 .. . 2 . 0. 

205 1 70 10 5· ; 5 . 0 . O···· 

206 1 45 10 0 .. 0. ' 0 ··. ·o· . .:· 
. 201· 1 50 20 10 . • 

0

i 10 . .. 3 .. i7! t• 

208 1 50 30 0 .. 16 ·: .i 0 .. ·o 
209 1 35 30 25 : 10 : 0 0 

210 1 40 40 10 : 0 . . 0 . 0 

211 1 45 22 ·3 : '130 .. : ! 0 0 

212 1 45 . 22 3 .. . '30 .. - J 0 0 ! . 

213 1 65 . 25 • h5' I; ~ ~ 5 ··~ L 0-. .· 0 ... 

214 1 25 . . 40 . 15• i~ O:'- t·10 0 

215 1 30 :· . 10 '•30' ·:.' 25: '.' 0 0 

216 1 50 : 0 36 1' . i 15 ··: I 0 . . . Qi 

217 1 : .' 45 :: ·. 22 · .. : 30.! .. ·!=. p·:. .. 0 
··~ . 3 

218 .1 • 45 •.: .. ·· .. .(. ·22~ I~ 30.'L 1t£ 0'" . :.... . .. 1?-..... 3. . 0. 

219 .. 1 . ··30;•. ,, ao· -~i .10~ •. it:.. 0;'. :r-.... 0 0. . . '· '• -. . - .... ..... ···-

(j) Ss ~p le.. ·No. · ·. .. :· ·.'. · . . 
(j} Ar--oWd° 1 QJf i (.' O/A- (frtb '/ij 'NG ~u-) 
(j) :1 he.- $<!co l"'-J S lfj.e,, eo fJ"'f o i'/'-f!.~ 
@ "fE-sS'ctM-·U~ l- eo~fotAe~ ( /14-0le }: ) 

iZnO ·MnO 
) I 4}C1 · ; . 9· 

! I O,~,, ; '. .. 4. 

. ' 4 ~t"; ""1 

. : 13 .. -. 
• 'I 5 

'! 10 I ' 0 
'i 15 I I 30 
I! 0 ·i 0 
. 0. . . . 4 
·o 0 
'5 5 

'i 0 :· 0 
:Io· :0 
· t O'·i·I : .o 

5 . 5 
5 0 

I 0 ··,, 0 
0 0 

. o. 0 
0 0 

. I 
~1Qfi!i ,., -~iml 

Al203 Zr02 .. 

*It 
. ·14 .o 0 
l4. .o . . ·O 

·50 ·o ·o 
60 0 0 

·20 0 0 ; 

45 0 0 
.30 0 0 

. 20 0 0 
35 0 0 
20 0 o. 
33. 15 0 
33 10 5 

· 10 0 0 
35 0 0 
60 0 0 

. 50 0 0 
33 25 0 
33 0 15 

. 10 0 .. 0 

' .\;'/ 
~ lea 
"' ~ 

...... 

= -f . ;E 
en 
U> 

- :;:o:c mm ..... ~~ 
.f; :c 

- m> -m O(J) 
- OJ 
-- m "" m 
- z 



·- T .• ~=-~:· ~-·'·"·._, .. :. .. . , ... _;·:· 

;1 
---;;;· 
iiiiiiii~J 
-::r a 
-i 
=o:i -§ 
iiiiiiii :ic 
-<1> 

-'E.. 
!!!!!!!!!!!!! ~ .. ('; 

Q. 

,.... 
c::::i 

c::::i 

U'I 

to ..... 

~l'f ............ .,,._.,.;to~,,,,._V°I.•• 1• • .; •+•I•' o •• • o • •' • •' • ... . . ............ ,. ..... ., .. -~~ ..................... ~,..... ~-

(j) 5q~pl(.I r/o. © 13~ ~lft'b -le1"f · ® Diele-c-lrl u C.Oft\-~t~/IJ-' <!fJ Oie{~etrt'c,, los;) 

@ Caf~el h,tiee &i~ ~~·bee -~t~ -(;; f;6,.~~f$1"e ?iA:fl;~'~t,.c @ /Vl,e'tV/.~flwQ-1. y;i l£Lt--

--(f) Pv vi~s di-arfJc:.:terlyf;lv <$) P1"0olv..ei- vP. <JJ 1~p;e55eJ._ v()ltaqe. . 
© /~o of t~ltJ..f:ure.., ~dvef-~a..c!.ljf.Mce__. ~~ 

~ - I 
~. I 

liU-4 flllit 
··~ 

&1• 8 • ;a !f 11! (t .Ill (96) ocn·-<1.;a. ( CR:er Q•F> •If itlUUii .... =· -~ AC/Cao AC/C211 :ft1' ftf!(CK) 316 I-Ii:~ 31,2lj 946'\t (kV/mm> Mlt 

0 ~) @) tancS - 25"C 85"C -55"C 125"C rl' -AC/C mftl .' l!IJ ElJDK AC DC 

~-·· (%) 5kV/mm 25"C 150"C 

201 1300 ·1460 0.6. 3.2 -8.2 6.8 -7.9 8.5 -39 5080 4830 220 210 12 14 0/72 

202 1280 1490 0.6 3.5 -8.4 7 -8.1 8.6 -40 5080 4830 230 220 12. 14 0/72 

203 1280 1470 0.6 4 -8.6 7.2 -8.3 8.7 . -39 5120 4860 220 210 .12 14 0/72 

204 1300 1450 0.6 3.8 -8.5 6.9 -8.2 8.6 . -39 5150 4890 240 230 12 14 0/72 

205 1300 1460 0.6 3.9 -8.5 7.1 -8.2 8.8 . -39 5070 4820 220 210 12 14 0/72 

206 1280 1430 0.6 3.7 -8.5 6.8 -8.3 8.7 . -38 5080 4830 220 210 13 15 0/72 

207 1280 1450 0.6 3.5 -8.4 7 -8.1 8.7 1: -39 5030 4780 230 220 12 14 0/72 

208 1300 1470 0.6 3.t -8 6.7 -7.9 8.3 ., -39 . 5040 4790 200 190 12 14 0/72 

209 1300 1460 0.6 3.5 -8.4 6.9 -8 8.7 ~ -39 . 5080 4830 220 210 12 14 0/72 

210 1300 1450 0.6 3.9 ... 8.6 7.2 -8.2 -8.8 ., -39 5100 4850 210 200 12 14 0/72 

211 1280 1430 0.6 4 -8.7 7.3 -8.5 ·8.9 .., -38 5410 5140 300 290 12 14. 0/72 

212 1300 1440 0.6 3.8 -8.4 6.9 -8 8.7· :f.. -39 5420 5150 310 300 12 14 0/72 
213 1350 1420 1.2 ·a.1 -8.1 6.6 -7.6 ·a.a· ~ .. -38 . 5120 4860 230 220 · 11 13 38/72 

214 1350 JI M ~ Ji!. © t:. lb :JM '1!:~.::f' ~tm @). .. ... , 

215 1350 ~1t M ::f' .IE. © t: lb m.: m'l:--=F ·fl .. G-Y 
216 1350 1420 1.3 3.3 -8.2 6.8 -7.8. 8.5. _;tl -38 . 5030 4780 220 210 11 13 70/72 

217 1350 tl fa ~ ~ O'J t:. lb JM:· )! '=1' ·n ·([~ 

218 1350. • • . =I' ~ (/) t: lb 1' . ~1!i::t'. • . @) 

219 1350 11 ta ::t' Ji! O'J t: lb I.. ~~;:::t' · ft @) . 

-
.iflj$J ..... 
8'111 
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800 
920 
860 
820 
900 
890 
930 
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860 
870 
880 -
160 ' -

iiiiiiii --120 = = --
t." "'• ~ .. :.J~liiim· ........,..___ _____________ ...J 

@ I!Y'-sr,t(:itlo~ bre~l<.kwtf'..- vcJlt~ae. ~- q~L~t.tj. ·-resbfQt>tee..; load. t~-st ~ NrA-N\heV r:>f 071·eef · 
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ICM I 880 J ... • Ti02+ a M20a+ IP R20a+ T BaZrOa+ gMnO I . .10.)lfJl M20.)lfJl 

~ft BaTiOa a • at/) /J I /J fJJ a+/J r g m S)0.)11111• 9-o.>11111• 

62 
~En" 
iiiiiiiiiiiii; Cf.I -:r 

R 
iiiiiiiiiiiii; ::r:: 
==~ =IJ:J 
===a -::s 
iiiiiiiiiiiii; :ii:! 
--8 ---= -o 

ft 

O>flll Sc,03 Yp03 flit Eu,O!I Gd20a Tb,Os Oyll!Oa *It <•••> 
•301 A 0 0.0007 0.0007 0.04. 0 0 o·· ! . 0.04 0.0407 ·0.03 0.09 0.01 1.5 

•302 A 0.05 0.02 0.07 0 0.001 0.001 ~ 0 . 0.002 0.072 0.02 . 0.14 1.005 1.2 

•303 A 0.02 0 0.02 0 0 .0 0.0008 0.0008 0.0208 .0.03· 0.04 ·1.015 1 

•304 A 0 0.001 0.001 0.04 0 0.03 :o . ·O.Ol'' 0.071. ·0.04' 0.14 1.005 1 

•305 A 0 .0.04 0.04 0 0.02 0.02 ·o": ·o.04· 0.08' :_0.03 0.16 1.005 1 

•306 A 0.01 0 0.01 0.01 0 0 0.02·· ·0.03 .. . 0.04. I .0 1 
o~os 1.01 1.5 

•307 A 0 0.01 0.01 0 0 0.02 ; Q! :· ;0.02.' ; 0.03 .0.08 0.06 1.01 1.5 

•308 A 0.01 0.01 0.02 0 0.02 0 :o .. 0.02 ·. : 0.04 =0.01 0.001 1.005 1 

•309 A 0 0.01 0.01 0.01 0 . 0 .o ·o.or. : 0.02. ·0.02 0.14 1.01 1 

•310 A 0.01 0 0.01 0 0 0 0.02·' . .. ;0.02 . : .. 0.03' :_0.03 0.06 0.9.9 1.2 

•311 A 0 0.02 0.02 ' 0 0.01 0.01'.' .. 0.01 :1
• . 10.00·~··. 0.05·.' .;0.03' . . 0.1 1.00 1 . 

•312 A 0.005 0.005 0.01 0 0.03 0 •; . !O:;y. Jo.03:1 i 0.04 ·0.04. 0.08 ·1.038 1 

•313 A 0 0.01 0.01 0 0 0 _;. . 0,03\? 10.03:.-. i .. 0.04-;: J0.03. 0.08 1.05 0 

•314 A 0.02 0 0.02 0.01 0.01 0 '·' .. .. 1.0·i .. \~ .:0.02··. ; 0.04 ~ .:0.03· 0.09 1.005 0 

•315 A 0 0.01 0.01 0.01 0 0 ,. .. 0.02·'. 10.03:. ·. 0:04.: Jo.02· 0.08 1.01 5 

•316 A 0.01 0 0.01 0 o· ··0.01 _t. ... 0.01:;~ . i0.02: . 0.03 '· :0.02 0.06 1.01 0 

•317 A 0.02 o. 0.02 0.02 0 i 0 •):. i ... J. o:_.~.IJ. ~0.02" 1 ! 0.04·: .. 0.03 0.08 1.015 0 

•318 0 0.01 0 ' 0.01 0 0 0 ,. 0.031J· 10.03·~. i 0.04· :o.oa 0.08 1.01 2.5 
319 A 0 0.001 0.001 0.01 0.01 ·; o.or;:. . - .} I I 0} 1. i0.03· 0.031 .0.02 0.06 1.015 1 : 

320 B 0 0.02 0.02 0 0 o r 0,01 !.I :0.01- . 0.03.; :0.02 0.08 1.01 I 

321 0 0.01 0.01 0.02 0.01 0 ,I 0.02 ! 'o:w. !0.03 •. . 0.05.: '0.03'. 0.11 . .1.01 1 . 

322 A 0.01 0.03 0.04 0 .. 0 . 0 ·(. 0.010: 10.0111; · o.os·,; 0.02· 0.1 1.005 1 : 

· © Set""f'le. No. ® t'W 49f ~B:lTiO!J @Totcl·l .-1J d. @.TofCll o.f f · 
@TM.- f/Aar/<. ~- ·tft\olLc.qfe~ '' ~wf ~ flee sc.o~ of -f:k. fl'e'Set1lf L~'lefr\tl.oft'-
<!J 71te.. 0.J>'-OU..~ o.J .~JJ.:ft'o~ of tk, fhst '5 Lde.., c·Of""-fOfV\eJ (. ~Tt3 b7 rJe.~J-) 
(j) 1'h~ ~fJA-0()..(rfJ/- + (fckltflo~ of~ Sec.o~ s(r/,e,, UJ~O~ ( pcitf:> "7 'JleliJltf) 
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'~-~-, ......... , ·:"', ...... ..,., .............. .. 
~lllH·:f·~'H.·~ ,.,·•·•·t''""'· . .. ,~-~-!'!'l~·•l'·'·" ~· . .., ..... 'l"·l'i'''"''' ... . . : ' •• •. :•. :•"'f .i'" • • • ..... •.• •• • •.• "·;i .. ~ .• ~ :· ... . . 

w @ 
~ ' -•M I BaOI-• Ti02 + a M,Oa+ P R20o+ r BaZrOa +sMnO I M10'Mll ..... ·BaTi0:1 a I a(/) i I p (/) a+p r I m :Sto.>•m• 

(J)flll Sc20o y,0:11 1ilt Eu20:1 Gd,03 Tb20a Oy20a A•t ; <•••> a• 
323 A 0 0.05 0.05 0.01 0 . 0 0 0.01 0.06 0.03 0.13 1.01 0 
324 A 0.02 0.01 0.03 0 0.001 0 0 0.001 0.031 0.02 0.06 1.005 1 
325 A 0.02 0 0.02 0 0 0 0.02 0.02 0.04 0.03 0.08 1.01 1,1 
326 A 0 0.01 0.01 0.01 0 0.02 0 0.03 0.04 0.02 0.08 1.01 . 0 

327 A 0.01 0 0.01 0 0 0.01 0.02 0.03 0.04 0.03 0.08 1.01 0 
328 A 0.01 0 0.01 0.03 0.02 0 0 0.05 0.06 0.02 0.12 1.01 1 
329 A 0.01 0.01 0.02 0.02 0 0 0 0.02 0.04 .0.02 0.08 1.005 1 
330' A 0.01 0.02 0.03 0 0.01 0.01 0.02 0.05 0.02 0.1 1.01 1 
331 · A 0.01 0 0.01 0 0.01 0 0.02 0.03 0.04 0.005 0.08 1.01 1 
332 A 0.01 0.01 0.02 0 0.02 0.01 0.03 0.05 0.03 0.1 1.01 1 
333 A 0.02 0 0.02 0.01 0 0 0.01 0.02 0.04 0.06 0.08 1.01 1 
334 A 0 0.02 0.02 0.02 0 0 0 0.02 0.04 0.03 0.08 1.005 2 
335 A 0.01 0.02. 0.03 0 0.01 0 0.01 0.04 0.03 0.09 1.01 2 . 
336 A 0.01 0.01 0.02 0.01 0 0. 0.01 0.02 0.04 0.03 0.08 1.01 2 
337 A 0.01 0.01 0.02 0.02 0.01 .0 0" 0.03 0.05 0.02 . 0.1 1.005 2 
338 A 0.005 0 0.005 0 0 0.005 0 0.005 0.01 0.02 0.02 1.001 2 
339 A 0.01 0.01 0.02 0 0 0.01 0.01 0.02 0.04 0.03 0.08 1.01 0 
340 A . 0.03 0 ·0.03 0 0.02 0 0 .0.02 0.05 0.02 0.1 1.035 2 
341 A 0 ·0.02 0.02 0 0 0.01 0.01 0.02 0.04 0.03 0.08 1.01 . 0.2 
342 A 0.01 0.01 0.02 0 0.01 0 ·o 0.01 0.03 0.03 0.06 1.01 .3 
343 A 0.01 0.01 0.02 0.02 0 0.01 0 .Q.03 0.05 0.03 0.1 uh 0 
344 A· . 0.02 0.01 0.03 0 0.03 0 . 0 . 0.03 0.06 0.02 0.13 1.006 0 

(j) Sqtl"-f' k J{o . @ /'. ~~ of /)q/i 03 (}> 10-tct l t>f ol. (}; To ta (. o{ (3 
. @ Tk ~!JlvO~ · 1 <JJ..Ji~'cM'\,... ef 4 f ~~1 ~rilf\ek ( patf:~ /fa; we 'y;U-) 
({) -r/it., ~~ 1u.)j;.~6{ & ~-co~ ~of"a;d-lp~r& b; WeJ.J~) 
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CD :Saf4J~ f(tJ, ® fJo../WcJ 1e4'<f.· t§ Di~J1c.C/ ~sJ:-~ (j) DleAeJ7/.<?./ l,o ~=> 
© G"_fe~ ... ~. ~e; afniJ,, ~dwr~ @/II~~ 
<:i) De wo..s ck..10..,c/(tl(l":>-llv ~ Prod;A.t.t CR cr; J:~Tes5~ ~(J..tf-e,, 

-- (i) - - - ---- -___ @ - ·-- --· .. _ ... - ·- .. •• I 

IU4 ~lit ••• •• 8 • ii. LI R it 1" (96) DCl\
0

·of1~ ( ,-JCR9( 0 •F.) .. .ea•ta•a:. 
•-It !.Ill ~ 81~ ll.C/C20 ll.C/Czs ·~ Mf!C96) 3~:f! .9~~ 3~~ 9~~ (kV/mm) 

© (-C) tan8 -25-C 85-C -56-C 125-C • . AC/C AC DC 

@ (%) © 5kV/mm 25-C: .. ..... 150-C 

*301 1300 1220 o.e· 5.3 -12.5 6.5 -17.5 17.5 . -18 . 5000 :-4750 ;210. .. 200 13. 14. 

•302 1300 820 0.7 2.5 -7.2 5 •7.5 7.6 . -5 ... "'5110 ; 4860 .. 220 210 12 14 

*303. 1300 1450 0.6 3.2. -7.1 5.2 -7.6 8 . -38. ·2900 ; 2760 -130 120 .13 14 

•304 1300 800 0.7 6.4 -13.5 7.6 -19.5 19.5 . -1 ... : ;4920 1"4670 "230 220 12 14 

*305 1280 710 2.2 3 -6.5 5 -7.3 7.5 i -6q· :soao i 4780 ::240 230 12 14. 

*306 1280 1220 0.6 2.2 -7.5 4 -8.4 8.6 . I -22' :2850 .: 2000 ·110 80 12 14' 

*307 1300 1340 0.7 2.5 -13.5 5 -31.5 31.5 : -32-';! !5110 ·I 4860 . 250 240 12. 14 

•308 * • if it (/') t:. lb iM 2. 1' ··l'ft ~~10' ·=·1' "" · • : . •' I . • .,• • • . •' . • 

*309 1280 1460 0.7 3.3 -7.5 5.5 -18.5 18.5 ' -37.~1 2940 I 2790 160 150 12 .14 

•310 * • if it (/') . t:. lb , .. · ~· 11' "'~'fl · (J~!JOI 4f.i.t1~~; ,-·:~ .. : ; , 

*311 1aoo 1160 ·0.1 4 -7.6 5.6 -8 8.3 1.-20:3 i3080 I. 2930 170 160 ·10. 11 

•312 • M 1' Ji! (/') . t:.. lb m4 ~ 1 l:f -·ft !~\l'JI ·~ t' .,, •... i. f "·••• ' •• ~ ·: ·' • a • •''•' ••• ;,\,; f i 

•313 JI ta =F lE (/') . t: I/) :i11 i ~:, l::f' ··::11 .iaSJ:• •. .• ::;-.. , : .,. . ' ; 
I. .• .• . ........ .... • • • • 

*314 • M =I' lE (/') t: lb jX4 • :&!~ l?f' "'•ft I fl§":; ·'···' :' .- " i I 
I, I • eoo~, ·-· •• ,. .. ,•, , 1 • ,. I , • , ' 

•315 1300 1240 2.7 4 -7.4 5.8 -7.7 8.3 · . L-:"22.:'- 13100 . 2950 .. 160 150 10 12 

•316 m ta .:f le (/') t::. I/) m•· I~,: l;:f' '"'"11 ~.i;•I• ·:· •. ~··;.,, I ..•. ---·. - -·· ·-· .. • ........ J .•... ·. : 

•317 1300 1260 2.8 2.3 -8.3 5 -8.5 .8.8.; ... j_. ~22;.~- .i3110 i:.2960 .170 160 11 12 

*318 1300 1250 0.7 2.5 -8.1 7.2 -8.2 8.8-. ~ -2111. .•. -·· ........ ..:{5050 .~..4800 . 240 230 13 14 

319 1280 1380 0.7 5.5 -6.6 7 -7.1 8.1'.M' ..1.o.-35~- -~5000 1.4750 ·-240 . 230 12 15 

320 1280 1360 0.6 1.7 -7.3 7.5. -8 ... s.2;.: +...-35~ ··l4990 ~ 4740 ···230 . ··220 . 12 14. 

321 1280 1130 0.6 2 -8.1 4 ·-e.5-~ -s.6:.: -.;..:.-.19'.:.!.,. -i51-70 +-4910 --250 •. : 240 -12\ 15 

322 1300 1130 0.6 2.2 . -8.3 4.5· ·-8.5.- ... a:1.:.· ......... 19".!.;. .J.5090 .• .. 4840 -230 . ·220 12 14. 

"-•- "~· 

itilAJi 311!!.1 
Im .... 
~-·· 11$1111 

(h) 

0/72 980 
0/72 950 
0/72 900 
0/72 100 
15/72 160 
0/72 900 
0/72 130 

0/72 110 

0/72 100 

0/72 130 

0/72 100 
0/72 880 
.0/72 960 
0/72 940 
0/72 970 
0/72 900 

@ 1~ ~~ * ;;,..J.J.u}i~ ''~of ek. ·s~~;f/f~/!'e?-~ ~~. 
(jj ~1t(!Ji~ J.J'f~/f\, ~M°t)e- @ l=lW.1Jfo re;t~CVA-~ W. fe-si-': N~ 8(- ~'e~ 
<[jJ 1/tM/1.4/A. ~~ 'fOJ'v ~ '/kt,µ.o...st).rr:JL ~ :/$ µ..sttl{J.CA.amt si..t~rw,-
@ 'JJ.M~()..S'-'-?fo.JJl d.v.A- Ji sep.,i ~ br ~1 ~, ~ 
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a> :5~ No. (113~ ~- (J) D /.Qkd1i(/ CAJ"lo..sJ();t()f @ ole.P,_J1:C/ lo~:s 
© {M,0:.;j;,,"Cb ..J,i'R., ,.di-- rfaef6 ~LI,.,_"°~. @ }An~ ~ 

R;Mo <1 1:.~-tTc t11t.re. d.t..jJQ/>4-~ CPjJO.oJ..~(J.M.c ~Je 

;i. - ..... 
-Ill 
-Cll -::r 

a 
-::c: 
==~ =°' -n =g 
---~ -n 
-'t:I 

!!!!!!!!![ 
Cl. 

,..... 
0 

0 

0) 

.o:> 
..... 

- ,, ~ -- .. ~ ,_- ...........-

~M •lit ··- •• 8 • = ll Jt it • (%) OCl\".ff1., (25 J CR.flCQ•F) dilta•EE itilAJi !JllSJ 

•.tt !&JI @ -~ AC/C20 &\C/C2s •* tftl(%) 3~~Dg~' 311~9~~ 
(kV/mm) ~- •• 

(i) ~) tan6 -25-C 85"C - 55"C 1 25"C •• AC/C. ·m m 7 

AC DC =¥.llllt 8'111 
(96) &J 5kV/mm 25°0.• .·: 150'C (h) 

323 1300 940 0.7 2.3 -8.2 5 -8.5 8.8 -11 . 5000 4750 ·210 200 12 15 0/72 930 

i 
>1 .--

324 1300 1320 0.6 2.1 -7.5 5.5 -8 8.2 -32 5120 4860 .250 240 12 14 0/72 850 (\ -325 1300 1230 0.6 3.3 -7.5 6 -8.4 8.4 -23 5170 4910 250 240 12 14 0/72 870 . 

0.6 3 -7.8 5.5 -8.3 8.5 -24· 5080 4830 250 240 13 14 0/72 
'-'1 I~ 

326 1280 1280 
327 1280 1240 0.7 2.5 -8.1 5.1 -8.2 8.7 •19 

328 1300 930 0.6 2.5 -8.3 6 -8.5 8.8 -11 . 

329 1300 1250 0.6 2.3 -7.5 5.2 -7.9 8.5 -22 . 

330 1300 1110 0.7 3 -7.7 5 -8 7.9 -17 

331 1280 1260 0.6 2 -8 5.1 -8.2 8.1 . -21. 

332 1280 1160 0.6 2.4 -7.4 ·5 -8.1 8 -21 . : 

333 1300 1220 0.7 3 -7.5 6.2 -8 8.1 . -23 
334 1300 1240 0.7 2.1 -7.7 6 -8.5 8.1 -21 . 

335 1300 1250 0.6 1.9 -7.6 5.4 -8.3 8.5 . -22 . 

336 1280 1260 0.7 2.6 -7.8 5.8 -7.9 8.2··. -22 : .. 

337 1280 1150 0.6 2.3 -8.3 6.2 -8.5 8.8 -18 
338 1280 1520 0.6 2 -7.5 6.1 -8.1 8.2 -40 

339 1300 1260 0.6 2.4 -7.4 6.2 -7.5 8.3 -23 
340 1300 1110 0.7 2 -7.6 6 -7.9 8.1 -17. 

341 1300 1270 0.6 2.6 -7.9 5.8 -8.5 . 8.5 :•25. 

342 1300 1350 0.7 2.4 -7.8 1 -8.4 ·8.5 .. .:.33 

343 1280 1130 0.7 2.2 -7.7 6.4 -8.3 ·a.s ·. -18 .. 

1300 980 0.7 2 -8.1 . 6 -8.5 8.8 . .· -11· 

5120 4860 .250 240 12 
5100 4850 250 240 13 
5010 4760 220 210 12 
5000 4750 ·:220 210 12 
4980 4730 }220 210 12 

. 5090 4840 ·•250 . 240 12 
4920 4670 .-·220 . 210 .12 
5000 4750 :200 190 12 
5010 4760 200 190 13 
5110 4860 250· 240 13 
5100 4850 250 240 12 
5080 4830 250 240 12 
4990 4740 200 190 12 
5120 4860 250 240 12 
5100 4850 .·250 240 12 
6140 4880 250· 240 12 
5190 4930 250 240 . 12 
5100 4850 ,240 230 12 

15 0/72 
14 0/72 
14 0/72 
14 0/72 
15 0/72 
14 0/72 
14 0/72 
14 0/72 
14 0/72 
14· 0/72 
14 0/72 
14 0/72 
14 0/72 
14 0/72 
14 0/72 
14 0/72 
14 0/72 
14 

890 
900 
960 
990 
900 
880 
820 
870 
900 
920 
880 ,; 
960 . 
900 
950 
940 
900 
920 
900 

. 

-- ------....,...__.. 
m 

344 0/72 960 
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@-e;f" ~'~ .. &"- J,,:,,(ft ·1~uc .. ~Ii );. ·t-~we. eA~·'f'· (j) ~ ~~ 

1 ~ (j) 0 c, ~£.~ ek.'tlo.A\~ 5-tl $C., @ ,1(JW a R.. (!) !) ~11e-s1v.J.. -inJl.ffM>l.e_ 
::i:: 
~ 

°' 
0 (;) l'A ,.-:::;) . (/ 

..,. -~-

===s -::s 

l --~§ 
p. 

-:I 

00 
~ 

i 
-t 

i 

~ 

~~ 
}1 

cu 

~~ 

il 
CQ, 

ltM .... 
CY 

401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 

Mlil ••• :11 @ 
('"C) 

t2) 
1280 1350 
1280 1380 
1280 1360 
1300 1310 
1300 1380 
1280 1380 
1280 1370 
1280 1380 
1280 1380 
1300 1350 
1300 1320 
1280 1360 
1350 . 
1350 
1350 1350 
1350 

. 1350 
1300 1350 
1350 1370 
1300 1350 
1350 1360 
1350 1330 . 

•• 3 ti: ii 11 ~ it lf1 (%) DCl\
0

.f7'. . (~ 'CRaCQ~F) 

-~ AC/C20 AC/C25 A1;: 1ti9:(%) 3~~ 9;i 311~945\l 
-tan8 -25'"C 85'"C -55"C 125"C ,. AC/C Ill Qlt.OZ 
(%) 5kV/mm . 25"C 160'"C 

0.7 2.2 -8.4 4.8 -8.2 8.4 -33 4950 4700 220 210 

0.6 2.1 -8 4.9 -8.1 8.3 -36 4970 4720 240 230 

0.6 2.7 -7.9 5 -7.8 8.1 -33 4960 4710 .230 220 

0.6 2.1 -7.7 5.1 -7.9 8.3 -31 . 4990 ~740 . "250 240 

0.6 2.3 -7.9 4.7 -8.4 8.6 -36 5040 4790 '230 220 

0.6 2 -7.7 4.7 -8.5 8.7 ~36 5010 4760 ;240. 230 

0.6 2 -7.5 5 -8.5 8.8. . -35 5140 4880 .250 240 

0.6 2.8 -8 5 -8.2 8.5 ".'36 5030 4780 <250 240 
0.6 3 -7.4 4.9 -8.4 8.3: : -:-36 4980 4730 ··240 230 

0.6 2.4 -7.6 5.1 -8.5 '8.7. ; ·-33. 5000 "4750 ··240 230 
0.7 2.3 -7.5 5.4 -8.3 8.5· : .... 32 . 4990 4740 :·230 220 
0.6 2.7 -7.5 5.1 -8.2 . 8.3. .. .:..33 · .. 5050 ·4800 ·210 200 

• Mi :::t' m. (J') t:: tJ ,... mt ··~ ~-~ :ii' n .Q..,U. ·:·: 
' • ft; ::t' m. '1) t=. . tJ !~i 111:-:i: ~- .... :ii' fa/'" ft G " ·' ..•.. . .. 

t.4 2.4 -7.7 5 -8.5 ~ 8.6 . ~33 . . 5040 4790 :::2~' 230 

m ta ~ lE. '1) t: . tJ1 ~: ·lt•.:1-~:·1 . ~ .. ft .. v~ °":r 

~.J! • ~ lE. (/) t::. NJ ..• ·JM ·.··m ... · ~. • (/,,; :. . ·::. 
0.6 2.5 -7.5 s:t -8.3 .8.5: .>· .;33 .. 5080 ·4830 .230 220 
1.3 2 -7.3 4.9· -8.2 .. 8.5i .>::.~35 . 5100 . 4850 ;;250 .. 240 

0.1 2.4 -7.8 4.7 -8.5 ~8.7~ : ··!.:.33: .4960 . 4710 '.,260 250 

1.3 2.5 -8 4.3 -8.3 -18.5•· ~-:~.-33 ''.".' 5070 4820 :·'250 240 
1.2 2.3 -8.1 4.9 -8.2 j8.6" .. ~~ .. ~32.,. . ~= •..• 6070 4820 '·'250 240 

•' , 
~· :-: hl-'' r::,,, ·.:. .. . . 

~-

MllflJl•EE 
(k\//mm) 

AC DC 

13 15 
. 12 14 
. 13· 15 

12 14 
12 14 

. 12 14 
12 14 
12 14 

· 12 14 
· 12 14 
12 14 
12 14 

11 13 

12 14 
11 13 

. 12 14 
11 13 

·11 13 

.. 

_,,I - ., 

itilAiii !flt!) 

saa •• 'Flllltt """ (h) 

0/72 920 
0/72 940 
0/72 930 
0/72 900 
0/72 870 
0/72 950 
0/72 930 
0/72 940 
0/72 900 
0/72 970 

. 0/72 920 
0/72 900 

32/72 110 

0/72 880 
25/72 Jjj 0/72 92 i 

33/72 11 
28/72 1,s 

~ .9tf'--'IJ..~ Jtte.~ ~~~"!1 .. :-~~.... . . . ·.i:~ ·1.: 
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"' 00 ........ 
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>!!1 
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(} .s~ No. (j) B~. ~- @ Di&.J:,,~v CJn..sf,,,.,,f @ _£Ji€~drt.,, ~ 

~ :-;~:Xis~ t:tr~7;';!:~J ~~ J;~~ . • 

~ & .9N<A.ltib-. ~""' ~1>-(J(, <Jj) H~ 'YMi.d-~ :f~:d-; }/u,..fx,,,.- '{ 77i~c1-i 
CX> @<§? (j) . @ @Q ~ 
CA.:> r s...a ... I ..... I a.-dl I ... I o a :• ,. mc , .. m tllL\ I ..... ,.. .... 1,,.,. I 78 l""o•tn ... ~' . iaa••--~ I z.as:1 ....... I ......... I 

r ........ 
~ 

..... Ill.off »r:M. i1!i la"F .,, .. '1:1" .-, -. ~ "4. IW -W- '#VI """"'' -, , "' \..._\I 'V"f ,,_,.' illli I I 4'Q---·u; •11•R'P'I ..... ~ 

•* :11 
(j) -~ AC/C20 AC/C25 A=*: ftf!(96) 311~9~~ )3~~9~~ (kV/mm) llf It •• (j) (-C) tan8 -25-C 85"C -55-C 125"C j1 AC/C Ell . Ell AC DC =F.IUln: If M 

g) '. 
( Cfft) Sl:<V/mm ·•25"C ... 150"C (h) 

~ 

1 
501 1300 1350 0.6 3.3 -8 6.2 -7.5 7.8 -34 4970 4720 210. 200 12 14 0/72 900 
502 1280 1370 0.6 3.2 -8.1 6.5 -7.7 7.9 -36 4980 4730 220· 210 12 14 0/72 890 I 1-a 

~ 

~ 

i-r~ 
~ 
~ 

~ 
. ~ ~ '\3 c:.. 

~ 
0 ,~ 

l~ ~ 
<9 

503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 

<ff) 

1280 1360 0.7 
1300 1330 0.6 
1300 1350 0.6 
1280 1320 0.6 
1280 1350 0.6 
1300 1360 0.6 
1300 1370 0.6 

1300 1360 0.6 
1280 1340 0.6 
1300 1330 0.6 
1350 1310 1.3 

1350 •• 
1350 • 1350 1300 1.2 
1350 • 1350 • 1350 • - . 

3.4 -8.2 6.7 
4 -8 6.5 

3.5 -8.1 6.8 
3.4 -7.9 6.3 
3.5 -8.1 6.4 
3.3 -7.7 6.8 
3.7 -8.1 6.5 
3.5 -7.9 6.8 
3.8 -8 7 
3.4 -7.8 6.8 
3.3 -7.8 6.8 

• ~ .@ (/) t: 

• ~ ~ (/) t: 
3.5 -8 6.5 

• :t' ~ (/) t::. 

• ~ .i. (/) t: 

• ::t' .@ (J) t: 

-8 8.2 -34 5030 ~780 220· 210 
-8.1 8.2 -33 . 5020 4770 :230. . 220 
-7.9 8.1 -34 . 4990 :4740 '.230' . 220 
-7.7 8 -33 '· -4980 4730 ·210:· 200 
-7.5 7.7 -34 -: 4960 4700 ~-230~· 220 
-7.8 8 -34 :: 4950 4iOO ; 200:i. 190 
-7.7 7.8 . -:-38 .I i 4980 :4130 1~230~ 220 
-7.5 7.7 ·. ·-34 •. : 5000 -~l?.50 ;:220~ ·. 210 
-7.8 7.8 .. ..:.33 :: . 5320 j~Q60 "t'.310~ 300 
-7.8 8.2. ~34 ,r. ; 5330 ';5060 f.320 300 
-7.9 8.3 ·: -:"33 t '5100 •§850 r.-220. 210 

tb =a•·~ ~: =-F:\ ·. ft>' ·:~·1 :--:·;:~ ·' O:? . t • • · · · · · · ·. · ·S: · · · · 

lb ii.•··· 2 ~- . ft ........ ~~·. (!J I : .. '·· .·,•.:·-~·o:t'I?,·"~ . "'. .. .. 
-7.5 1.T 733 ; . ., . 4960 "=47.00 ·'., 230 220 

lb· =m· Jt: .... ~"~·:.ia· .. J!!o~~'~" ·o.· • .,, I. "!! • ':t f~: •:I •r.' ~i'·,. : ,:t;...,.'!;
0

1, .• '.' -. 
D ..... I . 

I/).;; • •;. :·21;:1-i! '.::f'·,·~~'.ft·k'i$·~¢..1''?i; .'()j) · . 
lb : ;.a.·· ·~·"'·'NF~·k·~·-:·oi·~.- .. · ' •. I '• • •,1.,., f, •• "',• .. ' .. -· ''till .... ·· . \' . ~:;. ' .,_:.. .. · .. :·?1·;: .. ,~·~· 

flL .. ~• I~> .. ·. . . 

12 14 
13 15 

· 12 14 
13 15 
12 14 
12 14 
12 14 

·12 14 
:.12 14 
13 15 
11 13 

11 13 

. ' 

.-:·; 
? ••• .. 

0/72 930 
0/72 870 
0/72 850 
0/72 900 
0/72 880 
0/72 910 
0/72 880 
0/72 870 
0/72 900 
0/72 900 
42/72 120 

71/72 130 
;_ 
iiiiiiiiiiii = iiiiiiiii -= --iiiiiii 

. 

iiiiiiiii 
!!!!!! 

m m z 
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-l'ofool1-

.,_,oo f 
..J:.IOID 

+1•11 
.Jr.. Sdt't. 

+,101) 

-t-101'f .. ,.,, 
.,tr:. fol' 
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lit It (BaOJ,,, TiO,+ a M,02+ /J BaZrO .. + T MgO+gMnO liHOIR ii2(1)1'~ 

11~ ~~03 a @.«0> /l ,.. g ·y+g m ~(l)f11JJ• ~0>iim• 
i • sc.o .. YiPOa -€i:+ <•••> <•••> 

.... ~ IA 0 0.0008 0.0008 0.02 0.002 0.002 0.004 1.005 1 0 

. ~ IA 0.01 0.06 0.07 0.03 0.07 0.05 0.12 1.005 1 ·o 
.;., 1118 IA 0.01 0.02 0.03 0 0.03 0.02.. 0.05 1.01 1.5 0 

,_ *'4 •A 0.02 0.01 0.03 0.08 0.02 0.04 0.06 1.01 1.5 0 

i- '*8 IA 0.01 0.01 0.02 0.02 0.001 0.0~4 0.035 1.01 1 0 

*' tA 0.01 0.02 0.03 0.02 0.125 0.005 0.13 1.01 1 0 ,_.., IA 0.02 0.02 0.04 0.02. 0.079 0.001 . 0.08 1.01 1 0 

i.-"#8. IA 0.01 0.02 0.03 0.02 0.005 0.125 0.13 1.01 1 0 

........ IA 0.01 0.02 0.03 0.03 0.08 0.06 0.14 1.01 1 0 

-4ld:O . IA 0.02 0.01 0.03 0.03 0.02. 0.03 0.05 0.99 1 0 

#1 IA 0.0.1 0.01 0.02 0.04 0.03 0.02 0.05 1.00 1 0 

. **f •A 0.02 0 0.02 0.04 0.02 0.01 0.03 1.038 I 0 

1d:9' IA 0.01 0.01 0.02 0.02 0.03 0.01 0.04 1.05 0 I 

4-M IA 0.01 0.01 0.02 0.02 . 0.01 0.02 0.03 1.01 0 0 

I-~ /A 0.02 0.01 0.03 0.02 0.03 0.02 0.05 1.01 6 0 

*+6 /A 0.01 0.01 0.02 0.02 0.01 0.03 0.04 1.01 0 0 

*H /A 0.005 0.025 0.03 0.02 0.03 0.02 0.05 1.01 0 4 

. ..-s:fS ID 0.01 0.02 0.03 0.03 0.03 0.03 0.06 1.01 2 0 

i--+@:; IA 0 0.001 0.001 0.02 0.002 0.0015 0.003 1.015 1 0 

1020 IS 0.02 0 0.02 0.03 0.02 0.01 0.03 t.02 1 0 

1021 IC 0.005 0.05 0.055 0.03 0.12 0.002 . 0.122 1.03 t 0 

1022 /A 0 0.04 0.04 0.03 0.03. 0.04 0.07 . 1.02 1 0 

1023 tA 0 0.06 0.06 0.03 0.01 0.12 0.13 1.01 0 1 

@A~ f ~~ t- ~.ft- {A."-rvf-.s'J.e ~rAW-~1& h/ We41M) 

@ ~ f ~~ 'i; iJ-t- seco,J. ~LJ.e, ~0111-~<cp~ts /Jy t1<WuJvt) 
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-ui ~ H -en 

'11 ~ ~=--(1) 
"" ==sa. ..: 

~::c: I I -= -Cll ~ '-==ll' ' ==(!) a ~ ~s 
~~ Iii "; --8 ==i" -n 
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1--Q~ ....... ,, ... ,..., ........... _~ .................................. .,~ 

CD .s + N<1-. 0 t';t';c• Jo f<W ~ "f;a. Ti O,o . <JJ. To faf ! 1 J. 
@ ~ tJt (J;Jdi,J;.:~ i & . ~ ::;~ ~A<~ . 

@·~t~P~ 1 ffi se~ ~e,~Q'llJ-

It~ { BaO) m Ti02+ a M103+ /J BaZr03+ Y MgO+gMnO 

~.ff I 
BaTiO, a ~aO) fJ y g y+g m 
~flli Sc20a v,o!l 'S'lt 

fo24 IA 0 0.01 0.01 0.005 0.01 0.02 0.03 1.01 

1025 IA 0 0.02 0.02 0.04 0.01 0.03 0.04 1.01 

(0 26 IA 0 0.03 0.03 0.06 0.03 0.02 0.05 1.01 

(0 27 IA 0.01 0.04 0.05 0.03 0.06 0.05 0.11 . 1.01 

(o 28 IA· 0 0.005 0.005 0.02 0.005 0.006 0.011 1.001 
029 IA 0 0.04 0.04 0.03 0.05 0.02 0.07 1.01 

1030 IA 0 0.02 0.02 0.03 0:02 0.03 0.05 1.035 

10 31• IA I' 0 0.02 0.02 0.03 0.03 0.01 0.04 1.015 

f0 32 1A 0 0.02 0.02 0.03 0.02 0.03 0.05 1.01 

lo33 IA 0 0.02 0.02 0.03 0.02 0.015 0.035 1.01 

f034 IA 0 0.02 0.02 0.03 0.03 0.01 ·o.o4 1.01 

(j) @ 
•JI, O)llJliE ;A2 O>llJlit 
~0:11.aA 1tO>iito• 
<•:IHI> <•••> 1 0 

1 0 
I 0 
2 . 0 
2 0 
0 2. 
2 0 

0.2 0 
3 0 
0 0.2 
0 3 

H 
. ::i .... 

't\ 

Fi&iiiii 
§:~:!!:"! 
, .. : .. c~ 

"' ~ -/\ 00 

0 

1: -i 
'-"' 

;;;.:_:c= ;o 
~'tml~ 
r.;.~ ..... ~:.J 
nc:.:;·.~!'ll 

-·--~ 
s::: 

m 
1J 

~ 
0 m 
0 



*'••tftt~ ........ .,..: ... ; ,,., .. •1 1 1 .. J.• ...... - ............ _."!"~·~- ...... ,.-...,,,,11o_• ____ ~-~!~··~·~-~-~~~~'!f:•"':·"-~_·..._·_~-~-~-~L~·~-~~,.,...,....... .•• ,.,..,,,, • ., (StM.r.atrt•• !"tr' ... ., IF~ ................... , 

~ 
~ 

,.... 
c:::: 
0 

w 
~ 00 
CJ ~ 

;! -t I oof 
,~ 

a) ~ ,,,01. 

~ .J.100) 

~ 
. -t: l•O'f 

~ 
-I fOO,. 

-1- t ooL 
..t loo? 

!- -lt 1ooi 

.,. 1007 

. g) -t.1010 

~ .,.,011 

-µ ~ fOll. 

e .._,or; 
w of !Ollf 

1 ... (ll(t 

.,\.t•" 

~ 
_.,017 
.,.roi> 

~ 
~ 

...... ........ . ,., ...-•-·--·• .,._ ••-- -·- "' I '-'·-

!it.M $JUit ~-~ 1111 ~ :It ~ JI ~ fl: • (%) DCl\°."7~ ("X CRM(Q.•F) ..... 
~·••ta: tt11M1'i'i lJ11$ 

lt-ij- ;Ill (j) ·~ b.C/C20 b.C/C25 ii:=": f$f1('6) 3~~~9~z 3~~9~~ ·(kV/mm) u •11t1 
(°C) tan6 -25"C 85"C -ss°C 12s·c ~ AC/C AC DC :t'Alllc 8'1111 

© a) (%) SkV/mm 25"C 150"C (h) ..... 1300 1140 0.8 5.5 -12.5 4.6 -17.2 20 -17 5130 4870 210 200 12 14 0/72 890 

... -4 1300 850 0.7 2.1 -7.2 4.4 -6.5 8 -12 8490 8010 190 180 12 14 ·0/12 850 

... ~ 1280 1020 0.6 2 -8 4.2 -8.2 9.1 -15 . 3140 2200 150 . 110 12 14 0/72 840 

-~- 1300 1360 0.7 2.4 -14.7 5.1 -29.5 35.4 -26 5170 4910 230 220 12 14 0/72 150 
.... ~ 1280 1220 0.7 3.2 -14.2 4.1 -17.9 23 -21 3070 2~20 130 120 13 14 0/72 830 

- 1l!S- 1360 1400 2.7 2.5 -8.3 4.3 -8.6 9 -35 5140 4880 220 210 12 14 61/72 180 
. -..,. . .!f!. • i* it (!) t: lb a. 2 ::t' fl <l_'f/ 

·-d 1280 1340 0.8 3.5 -8.9 4.8 -18.6 25.1 -28 3140 2980 140 130 12 14 0/72 190 
...... 1280 880 2.6 3.5 -9.2 3.8 -9.1 9.9 -12 5010 4760 240 230 12 · 14 15.('72 130 

. -ti:O * • i* it (!) t:. lb m• ~ ~ ft 6'fJ 
, .At:I: 1300 1280 0.7 3.9 -9 4."7 -9.3 10.2 -25 3300 3140 160 150 10 12 0/72 110 

-ci:2=- ti ra ::t' ~ (!) t::. lb m• ~ ::t' fl (j ~ 

--~ m M ~ Ji q) t= NJ m• li!· ~ fm G~"J 

·-*** m M =i' ~ q) t::. NJ m• ~ =F tm Ii~ ~· 

• -11¢1- 1300 1280 2.3 4 -8.9" 4.2 -9.4 10.9 -25 3310 3150 160 · 150 11 11 0/72 150 i 

• _lid$ ~! M ~ lE (!) t: lb ;1• le: ~ •• ' 
~-;iii 

~ 
:::;::::.:::: 
··-

-*-t4- 1300 1260 2.5 2.8 -8.4 3.1 -7.6 8.4 -23 3150 2990 180 170 10 11 0/72 170 - ... ._ 
:r..~1:""f;•r.. 

-*-ffl 1300 1030 0.7 2.5 ""7.9 5.6 -9.4 9.2 -15 5120 4860 260 250 12 14 0/72 870 ~~;~ 

1019 1280 1580 0.1 2.5 -7.2 3.8. -8.5 8.8 -45 5070 4820 260 250 12 15 0/72 950 ~ 

1020 1280 1520 0.6. 2.6 -7 4 -8 8.6 -45 5050 4800 240 230 12 14 0/72 960 iiiiiiiiii 

1021 1280 1080 0.6 3 -8 4.1 -8.2 9 -15 5290 5030 280 270 .12 15 0/72 820 ;; 
1022 1300 1320 0.6 2.5 -8.3 3.8 -8.6 8.8 -26 -5160 4900 260 240 12 14 0/72 830 
1023 1300 1050 0.1 2.4 . -8.1 4.2 -8.4 8.9 -15 5230 4970 220 210 13 15 0/72 840 
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:tM m11t ilt$ St 8 ... :& 1l • ft • ( 96) OCl\'1'7A I CRfl(O•F) ()'t M•llll'l:1£ M:l:Afiii lfll$J 

•-it ;&rt: @ ·~ 6C/C20 6C/Czs -~ Mf!C%> 3~ll 9~~ 3~~9~~ (kV/mm) Wt If O 
(j) CC'C> tan8 -25t 85"C -SS"C 125"C !/-. t.C/C AC DC ::t'Jltllt BtM 

(2) (96) 5kV/mm 25-C 150"C (h) 

lo24 1300 1570 0.6 2.9 -7.9 4.1 -8.2 8.8 -45 5180 4920 230 220 12 14 0/72 890 
f025 1300 1480 0.7 3.1 -7.1 4.3 -7.9 8.5 -40 5300 5040 270 260 12 15 0/72 900 

026 1280 1420 0.6 3.2 -8.1 3.8 -8.3 9 -35 5240 4980 280 270 13 14 0/72 830 
J127 1280 1230 0.7 2.4 -7.5 3.9 -8.1 8.6 -22 5260 5000 220 210 12 14 0/72 840 
'028 1300 1590 0.6 2.8 -7.6 4.2 -7.9 8.4 -45 5280 5020 200 190 12 14 0/72 860 
029 1300 1330 ·o.6 2.7 -7.2 4.3 -8.2 8.6 -26 5040 4790 210 200 12 14 0/72 950 
ft30 1300 1540 0.6 2.6 -7.9 4.5 -8.1 8.8 -42 5230 4970 240 230 13 14 0/72 900 
1131 1280 1560 0.6 2.5 -8 4.1 -e.s· 8.9 -42 5080 4830 270 260 12 15 0/72 870 
1032 1280 1550 0.6 2 -8.1 3.9 -8.2 8.7 -42 . 5190 4930 210 200 12 14 . 0/72 890 
io33 1300 1540 0.7 2.4 -7.8 3.9 -8.5 9.1 . -42 5140 4880 210 200 12 14 0/72 860 

~ 
:..\ II 

" -~ CD 

p co 
.o 

ICO 

~ 

f034 1300 1520 0.6 2.5 -7.6 4.2 -8.4 9.2 -43 5080 4830 230 220 12 14 0/72 840 I 
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(j) c•••> Li20 (Si., Ti1-l02 w Al20s Zr02 

1101 1 20 80 0.3 0 0 
1102 1 10 80 0.6 5 5· 
•103 0.8 10 70 0.5 20 0 
1104 0.8 35 45 1 10 10 
1105 1.5. 45 45 0.5 10 0 
1106 1.5 45 55 0.3 0 0 
1107 1 20 70 0.6 5 5. 
'108 1 20 70 0.4 ·· 10 0 
'109 1.2 30 60 0.7 5 5 
1110 1.2 30 60 0.8 10 0· 
\111 2 40 50 0.6 5 5 
\112 2 40 50 0.9 0 10 
f113 1.5 10 85 0.4 5 0 
'114 2 ·5 75 0.6 10 to 
1115 1.2 20 55 0.5 25 0 
'116 . 1 45 40 0.8 . 0 15 
1117 0.8 50 45 0.7 5 ·O 
1118 1.2 25 75 0.9 0 0 
t119 1.5 25 75 1 0 0 
1120 1 35 65 0.9 0 0 
'121 1.6 35 "65 1 0 0 
'122 1.2 20 70 0.2 0 10 



51 :==r;;· 
-Cf.I -=--CD 
~CD - ..... 
iiiiiiiii :c ==l}i 
~~ 

-~ iiiiiiiii :ic 
~ 

~~ 
c.. 

.; "'!'~fl..,~"•·.:-r.;., •t ,,.:,:., ,,.,liTY • .,.~.~-~ '· ,· .. : .,.;.i.,,:~.1·..,.~ ... . ;: : :J. ··~·\· .. ""'·· ··~ ~. ·~·~· ... l • ·~ ·:P·· .•. ·: ""'.:. ... :·.,.·,.':\'·""''~"'~""·'···"'~'¥'·11N:tti'ff4'~..,-..-..~~ .. ,. .. ~a'I.•·. .... ·:~ ....... : ..... '., . ...,.,,,. .... 

,..... 
0 

0 

(.JI -..... 
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@ R4ft.<Y f h,_,'fo:lJi.t~ ~~Jt,.d- ~cci-OAet- ~e,., (j} ~£~ ~ 
<iJ DC..- {YlCL-:5 ck./rtJ.Jvdsfle; <f) f~oMJ- c,(< (j)j"1'y~,s~ ~°'t}e; · 
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i'itft mm 1111$ Mt rsJ• :.1 iii ll R it • <%> DCl\ • .f7~ {~ J CRfl( Q •Fl MfliUlta it;IAf.i !Jltsj 

-~ ;Kif @ -~ b.C/C20 b.C/Czs •* f*t!(96) 3~~ 9~fl 311~ 945\l, (kV/mm) litB Jf.$ 

CY &S) tan8 -25"C 85"C -SS"C 125"C ~ . AC/C ) Ell Ell qitiJ?, AC DC ~.tllll!t: •rm 
(%) 5kV/mm 25"C 150"C (h) 

1101 1280 1430 0.8 2.5 -8.2 3.3 -8.4 9.4 -36 5120 4860 220 210 13 14 0/72 840 
1102 1280 1450 0.6 2.3 -8.4 3.8 -8.6 9.5 -37 5080 4830 230 220 13 14 0/7~ 890 
1103 1280 1490 0.6 2.4 . -7.9 4.2 -8.2 9.9 -39 5160 4900 220 210 12 . 14 0/72 850 
1104 1300 1470 0.7 2.1 -7.8 4.6 -8.1 8.9 -39 5200 4940 210 200 12 15 0/72 830 
1105 1300 1430 0.6 2 -7.8 3.5 -8.3 9.4 -36 5180 4920 230 220 13 14 0/72 900 
1106 1280 1450 0.7 2.6 -8.2 3.7 -8.6 9.2 -37 5090 4840 210 200 12 14 0/72 870 
\107 1280 1430 0.8 2.8 -8.6 3.8 -8.9 9.3 -36 5070 4820 220 210 13 14 0/72 830 
1108 1280 1440 0.6 2.9 -8.4 . 4.1 -8.7 8.9 -36 5030 4780 220 210 12 14 0/72 890 
1109 1280 1480 0.7 2.4 -7.6 4.2 -8.2 8.8 -39 5220 4960 210 200 12 14 0/72 910 
1110 1300 1470 0.6 2.6 -7.4 3.8 -8.3 8.8 -39 5080 4830 230 220 13 14 0/72 870 
1111 1300 1420 0.8 2.4 -8 3.9 -8.1 9 -36 5100 4850 200 190 12 14 0/72 850 
1112 1280 1410 0.6 2.2 ~e.4 3.9 -8.6 9.1 -35 5180 4920 210 200 12 14 ·0/72 840 
1113 1350 ~.I M 1' .5! (J) t:. l:b ;1• ~ =-I' tm VY 
1114 1350 J.1 f.a 1' ~ (J) t=. l:b ,.. ~ ::f' ft 1/¥ 
1115 1350 1460 t.5 2.8 -7.8 4.2 -8.2 8.9 -37 4820 4580 190 180 11 13 32/72 180 
1116 1350 m M ::t' JE (J) t:. l:b m. ~ ~ n (JI 

1117 1350 ~ft t:li ~ .@. (J) t:. l:b :Jt• ~ ~ ft (JJ.) 

1118 1300 1420 0.8 2.9 -7.9 4.8 -8.3 9.1 -36 5160 4900 210 200 12 14 0/72 860 
1119 1350 1430 1.4 2.7 -8.2 4.2 -8.4 9.2 -36 4890 4650 190 180 11 13 16/72 150 
\120 1300 1450 0.7 2.5 -8 4 -8.2 9.4 -37 5130 4870. 210 200 . 12 14 0/72 840 
1121 1350 1460 1.4 2.2. -8.1 3.8 -8.6 9.1 .-38 4950 4700 190 180 . 11 13 36/72 140 
1122 1350 ·1450 1.3 2.3 -8.3 3.8 -8.7 9.1 -38 4870 4630 190 180 11 13 25/72 190 . . I • J • -,, ' .. . . . • -p,.__.1 . 
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(]) Cll:Rtn> Si02 Ti02 XO 
(i) BaO cao SrO Me:O 

f 201 I 85 1 1 0 0 0 
1202 1 35 . 51 0 10 0 0 
1203 1 30 20 0 30 0 15 

1204 1 39 1 20 20 2 0 
1205 I 70 10 5 5 0 0 

\206 1 45 10 ·O 0 0 0 
1207" 1 50 20 10 10 3 7 

1208. 1 50 30 0 16 0 0 . 

1209 I 35 30 25 10 0 0 
1210 I 40 40 10 0 0 0 
t211 1 45 22 3 30 0 0 

1212 1 45 22 3 30 0 0 
1213 1 65 25 5 5 0 0 
1214 1 25 40 15 0 10 0 
1215 1 30 10 30 25 0 0 
\216 1 50 0 35 15 0 0 

.\217 1 45 22 30 0 0 3 

1218 1 45 22 30 . 0 3 0 . 

1219 1 30 60 10 0 0 0 
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4 9 14 

0 4 14 
4 1 50 
13 5 . 60 
10 0 20 
15 30 45 
0 0 30 
0 4 20 
0 0 35 
5 5 20 
0 0 33 
0 0 33 
0 0 10 
5 5 35 
5 0 60 
0 0 50 
0 0 33 
0 0 33 
0 . 0 10 
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lt-lif :Al.I ·~ AC/C20 .6.C/C25 •1' ttf!(%) 3~~ pg~~ 311~ 945Y. 

Q) c•c> ~ tan8 -25"C 85°C -55"C 12s•c ~ 'AC/C QJ . QJ QJ~ 

® (%) 5kV/mm 25"C 150-C 

1201 1300 1520 1.3 2.4 -7.2 2.5 -7.5 8.1 -41 5010 4760 200 190 

1202 1300 1530 1.4 2.3 -7.5 2.4 -7.8 8.2 -41 5000 4750 210. 200 

1203 1300 t550 1.3 2.2 -7.8 2.3 -7.9 8 -42 5020 4110 200 190 

1204 1300 1540 1.3 2.3 -7.7 2.4· -7.8 8.3 -41 5010 4760 200 190 

1205 1300 .1520 1.3 2.4 -7.5 2.2 -7.6 8.1 -41 5030 4780 200 190 

1206 1300 1530 1.3 2.2 -7.4 2 -7.8 SJ -41 6010 4760 200 190. 

1207 1300 1560 1.3 2.3 -1.6 2.1 -7.9 8.2 -42 5000 4750 210 200 

1208 1300 1520 1.3 2.4 -1.S 2.3 -8 8.2 -41 5010 4760 200 190 

1209 1300 1530 1.3 2.2 -7.1 2.4 -7.8 8.3 -41 5020 4770 200 190 

1210 1300 1510 1.4 2.3 -7.5 2.4 -7.9 8.1 -41 5030 4780 200 190 

1211 1300 1530 1.3 2.5 -7.2 2.5 -7.8 8 -41 5420 5150 320 300 

1212 1300 1540 1.3 2.1 -7.1 2.2 -7.6 8.1 -41 5410 5140 300 290 

1213 1350 1550 1.5 2 -7 2.3 -7.6 8.2 -42 4830 4590 200 190 

1214 1350 . m t.6 1' JE (J) t= t> m• ~ ::t' n (jj 

1215 1350 ~I. M 1' li! (J) t::. t> m• ~ · ~ 1m ll:J 

1216 1350 1560 1.6 2.3 -72. 2.4 -7.8 8.2 -42 I 4790 4550 200 190 

1217 1350 7:Y --~Ji!O>t:N>lt~~- (. 
l218 1350 •• ~Ji!(}) t: Nl ;m ~·~ti @) . 
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(J} a.>8ll So203 Y203 1ttt· ca••> <•:l:tti) 

:r-. ......... IA; 0 0.0008 0.0008 0.01 0.0015 1.005 1 0 

;~ .ae2 tA 0.03 0.045 0.075 0;02 0.15 1.01 1 0 

........ tA 0.01 0.01 0.02 0 0.042 1.01 1.5 0 

~ .!l!9M IA 0.02 0.01 0.03 0.07 0.06 1.01 1.5 0 

,.. tS05 1A 0 0.02 0.02 0.02 0.001 1.01 1 0 

-i.-~ IA 0.02 0 0.02 0.03 0.14 1.01 1 0 

... *39f. IA 0 0.03 0.03 0.03 0.06 0.99 1 0 

•lo o1!398: IA 0.005 0.015 0.02 0.04 0.041 1 1 0 

lo~ IA 0 0.02 0.02 0.03 0.04 1.038 1 0 
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-~ (BaO Im TiOz+ a Mz03+ /J BaZr03+ r MnO M1©1tlit li20Mlit 

~~I ~BaTiO:s a 'J) a(/) /j r m ~0•m• ~o.>•m• 
O)flli Sc2 03 Y203 'B'lt <•••> <•••> 

' 316 A 0 0.001 0.001 0.02 0.002 1.01 1 0 

1317 B 0 0.02 0.02 0.03 0.04 1.02. 1 0 

'318 c 0.01 0 0.01 0.03 0.13 1.03 1 0 

1319 A 0.01. 0.04 0.05 0.04 0.1 1.02 1 0 

1320 A 0.02 0.04 0.06 0.03 0.12 1.01 0 . 1 

1321 A. 0 0.01 0.01 0.005 0.02 1.01 1 0 

( 322 A 0.01 0.01 0.02 0.04 0.04 1.01 2 0 

1323 A 0 0.03 0.03 0.06 0.06 1.01 1 0 

'324 A 0.02 0.02 0.04 0;03 0.078 1.01 2 0 

\325 A 0 0.01 0.01 0.02 0.02 1.001 2 0 

1326 A 0 0.005 0.005 0.04 0.01 1.02 0 2 

1327 A 0.01 0.01 0.02 0.03 ·0.04 1.035 2 0 

\328 A 0.02 0 0.02 0.03 0.04 1.025 0.2 0 

1329 A 0.01 0.01 0.02 0.03 0.04 1.01 3 0 

\330 A 0 0.02 0.02 0.03 0.041 1.01 0 0.2 

\331 A 0 0.02 0.02 0.03 0.04 1.01 0 3 
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a. iittl I 1Ali£1B~mlt- -s_:; 8 .:a ii II :R it $ (96) oen·-111. teafl•t iUIA~lflSl a-llJ ;Jlf fl~ t.C/C20 ~C/Czs :II:* fff!(96) (kV/mm) iltB •trr 
(j) (°C) <P tan8 -25"C es·c 55"C 125"C II t.C/C.. AC DC =fAlllk •na f' ~ 

@ (%) 5kV/mm (h) 
- ----- --

... 

-Nlof,.. .;i3Q:1 1300 1570 0.7 5 -12 4.2 -16.7 16.7 -42 5100 4850 200 190 12 14 0/72 900 
J 

-tfJol --~ 1300 820 0.7 2.2 -6.7 4 -6 6.7 ... g 5500 5230 180 170 12 14 0/72 910: -0 
.,,JDJ '-~ 1300 1450 0.7 2,1 -7.5 4 -7.7 8,2 -36 3020 2110 100 70 12 14 0/72. 890 
.V•'f-. ~ 1300 1350 0.7 2.3 -14.2 5.3 -28 28 -27 5100 4850 200 190 12 14 0/72 120 
-JUot . ~ .!f!. $1 '* ii: (/) t: lb jll ~ :it' fl Q_$i · . 

-
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.f.llD? ~ ~ • '* it: (/) t: lb ;m ~ :it' . • 

I _ - I _ _ I _ - I _ _ _ - I __ I __ 

31001 29501 130 -s.5 I 4.3 I -8.8 I 9.1 1201 10 12 I 0/72 I 100 1'1JOI" 1300 1410 0.7 3.5 -35 -_., • • :it' ~ (/) t: t> m• ~ 
_,,Jro ~A M :it' ~ (/) t::. lb mt JE 
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"'1JI~ ~ • f.a ~ ~ (]) t::. lb l9 li!.~ ft fL ~~ 
.J.IJl'f . ..:.:...: 1300 1450 2.5 2.7 -7.9 3.2 -7.1 7.9 -36 3160 2990 160 150 10 11 0/72 160 ~.;¥~ ~ ~ 
ifJlt . .:.:: 1300 · 1310 0.7 2.6 -7.4 5.5 -8.9 9.2 -25 5060 4810 230 220 12 14 0/72 920 !!!!'!'!! D ~ 

(/) t: . t> m• m ..,J,, m • :=f' JE 

100 

@~~fYY\.·J.r~k-aJ~ ~'1<V @ /-{~ -r~,lsJ/~'<:£ ~ te;J- ,' "'~~ "t "'{~~I~ 
@.Ill~ li(.L ~P.(Jvv\_; . ' . I~ 

@ lfai.µa_5(}..t(a.1Jfb.;. ~ ~ s.DJJAl cqy._Ju J-c>(' /<7r ~~ 
@ UtpU..S()..?(£.8.£._ ~ -j:o JAA 5(,(f/J.ci~ shri« ~ 



, ... " .. :"·-·-...,-... ·-~~............-

~-·-:..-:•··· . 
" 'ti:•· . 

~··Ji;t•: . .;. 

:ii =r;;· 
==ga ---0 !!!!!!!!o --- ..... 
iiiiiiii ::c: ==i: == =a -= 
iiiiiiii~ ---2 

!!!!!!!![ 

ep s~ No. (}) Bo-4.A'(j ~· (j) v<JJ.J1~(/ ()YIL~J @ olekd1C.c,, U,-s-:, 
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•.Jt ll~ ••• •• .... kl 11 • ft * (%) DC/\
0

.f7~ (ZS: CRmCO•F) f!ll•il•lf iftilAfii 
fi.ft =· (j) -~ AC/C20 AC/C215 •* Mf!CCJ6) 3~~ 9~~ 31,~945~ (kV/mm) Wt 

Q) (JY> tan8 -25"C 85-C -55°C 125-C 

~ 
AC/C > .:n mJli2 AC DC :iFJllllt 

(%) 5~V/mm . 26"C 150"C 

t316 1280 1590 0.7 2.5 -6.7 3 -8 8.4 -40 4900 4660 . 230 220 12 14. 0/72 

•317 1280 1450 0.6 2.7 -6.5 3.8 -7.5 8 -36 4960 4710 220 210 13 15 0/72 

1318 1280 1670 0.7 3 -7.5 3.5 -7.7 8.2 -39 5000 4750 250 240 12 14 0/72 

1319 1300 1110 0.6 2.6 -7.8 3.7 -8.5 8.8 -15 5100 4850 210 ·200 12 14 0/72 

1320 1300 940 0.6 2.5 -7.6 4.1 -7.8 8.1 -12 5120 4860 190 180 12 14 0/72 

1321 1300 1530 0.6 2.7 -7.4 4 -7.6 8 -40 5070 4820 200 190 12 14 0/72 

l322 1300 1460 0.7 3 -6.6 4.2 -7.4 7.9 -37 5200 4940 250 240 13 15 0/72 

1323 1300 1340 0.6 3.1 -7.6 4 -7.8 8.2 -26 . 5230 4970 250 240 13 15 0/72 

\324 1280 1230 0.7 2.5 -7 . 3.7 -7.6 7.9 -22 5260 5000 210· 200 12 14 0/72 

\325 1300 1560 0.6 2.7 -7.1 4 -7.3 7.7 -40 5100 4850 1.90 180 12 14 0/72 

t326 1300 1580 0.6 2.6 -6.7 4.1 -7.5 7.8 -40 5020 4770 190 180 12 14 0/72 

,327 1300 1430 0.7 2.5 -7.4 4.2 -7.5 7.8 -36 5110 4860 . 230 220 13 15 0/72 

t328 1280 1430. 0.6 2.5 -7.5 4.1 -7.8 8 -36 4980 4730 250 240 12 14 0/72 

\329 1280 1440 0.6 2.3 -7.6 4 -7.7 8 . -36 5080 4830 190 180 12 14 0/72 

,330 1300 1430 0.7 2.7 -7.3 3.8 -7.8 8.1 -36 5060 4810 200 190 13 15 0/72 

1331 1300 1340 0.6 2.6 -7.1 4 -7.9 8.2 -26 4990 4740 200 190 12 14 0/72 
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@ ~o f ~~rafi.'f~ ~W-~~C!J..Jr~c.e ~'!.- (j) ~L~ ~€-
() p C -v-i a,:s dl{)-'(rxf Q)'( ls t l r- @ f-,ocb.d CfC., (j) .. 9ry '{e~ r.e.J. ~f °1).e_ . 

. 
~ft· mlit ••-* mt ~ fl :I: ;a If ~ ii: • ( %) DCl\ • .f11. l..i~cR•co~F> Mflllilta: if;tAJ; 
It-It ;:&If (3) -~ llC/C20 AC/C2s 111<:: Mt!C96> 3~~ ~~ 31,~945\l (kV/mm) Wt 
<Y <0c> tan8 -25-C 85-C -55-C 125"C ~ AC/C I EP llPJJll. AC DC tcPJ•• t.J) (%) I 5kV/mm 25"C 150"C I.. 

1401 1280 1420 0.7 2.4 -8.1 3.2 -8.3 8.5 -35 4950 4700 210· 200 12 14 0/72 
1402 1300 1430 0.6 2.2 -8.3 3.7 -8.5 8.7 -37 4980 4730 220 210 13 15 0/72 
1403 1280 1460 0.6 2.4 -7.8 4 -8.1 8.3 -36 5100 4850 200 190 12 14 0/72 
1404 1300 1480 0.7 2.1 -7.9 4.1 -8 8.2 -37 6000 4750 230 220 12 15 0/72 
1405 1300 1440 0.7 2.1 -7.8 3.7 -8.2 8.4 -36 5080 4830 220 210 13 14 0/72 
1406 1300 1440 0.7 2.6 -8.1 3.6 -8.5 8.8 -36 5070 4820 200 190 13 15 0/72 
1407 1300 1430 0.8 2.7 -8.5 3.7 -8.5 8.8 -35 5120 4860 210 200 13 14 0/72 
1408 1280 1450 0.6 2.9 -8.4 4 -8.5 8.8 -37 5160 4900 210 200 12 14 0/72 
1409 1280 1470 0.7 2.5 -7.9 4.1 -8.1 8.4 -36 5000 4750 200 190 f 2 14 0/72 
1410 1280 1480 0.6 2.6 -7.6 3.7 -8.3 8.5 -37 . 5140 4880 220 210 13 14 0/72 
1411 1300 1430 0.7 2.5 -7.5 3.8 -8.2 8.3 -35 5100 4850 210 200 13 15 0/72 
1412 1280 1420 0.6 2.3 -8 3.7 -8.4 8.5 -35 5120 4860 200 190 12 14 0/72 
1413 1350 fA *6 :::J' JE 0) t= N> 1• ~ :::J' • • ({JI 

•414 1350 m • ::f' .JE o:> t::. 11> iM ~ ~ a ~ 
,415 1350 1450 . 1.5 2.7 -7.9 4 -8 8.4 -37 . 4900 4660 180 170 11 13 45/72 
1416 1350 ~l M ::f' Ji!. (J) t::. II> m• ~ ~ • (/}) 

J417 1350 ~..I M ::f' ~ o:> t=. ~ m• ~ ~ 1m G~ 
,418 1300 1430 0.8 2.8 -8 4.2 -8.2 8.6 -35 5030 4780 200 190 11 14 0/72 
\419 1350 1440 1.5 2.6 -8.1 4 -8.3 8.5 -36 4980 4730 190 180 11 13 23/72 
\420 1300 1460 0.7 2~6 -8.3 3.9 -8 8.5 -37 5000 "4750 200 190 12 13 .0/72 
\421 1350 1450 1.5 2.4 -8.2 3.7 -8.2 8.7 -37 4970 4720 190 . 180 . 11 13 39/72 
1422 1350 1460 1.3 2.4 -8.3 3.7· -8.5 8.7 -37 4990 4740 190 180 11 13 36/72 
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@ ~o 1 ~"(e... ~W- © MM<tf'A~ ~ CV DC .,()J.'/..s ~o.d.fJftJ ti~ 
~ PreJ».rfr c.R- (j) 9/fi<f'eSs"J. ~6()~ 

-- . - Q (jj) ~ 
~~ mlit B1'l=il •• ll\JD • !I ll R ft $ (%) DCJ\''11'- ( CRll( Q•FJ 1e••••a 
• -1} :All -~ /1C/Czo '1C/Czs :I:* Mt!C%> 3~~ ,9~~ 31,~9~~ (kV/mm) 

CD (~) (J) tan8 -25-C 86-C -55°C 125-C bJ AC/C ai " m AC DC 
(%) ~ 5kV/mm 25-C 160-C 

1501 1300 1440 1 2.3 -7.3 2.3 -7.6 8 -35 4950 4700 190 180 13 15 
1502 1300 1430 1.1 2.2 -7.2 2.2 -7.8 8.2 -35 4970 4720 200 190 12 .14 
1503. 1300 1460 1.2 2.1 -7.7 2.1 -7.7 8.1 -36 5000 4750 190 180 13 15 

1504 1300 1420 1.1 2.1 -7.6 2.3 -7.8 8.2 -34 5020 4710 230 220 13 15 
1505 1300 1470 1 2.3 -7.4 2.2 -7.6 8.1 -37 4960 4710 200 190 12 14 
1506 1300 1450 1.2 2.2 -7.2 . 2.1 -7.9 8.2 -36 5100 4850 200 190 12 15 
1507 1300 1420 1.2 2.3 -7.3 2.3 -7.9. 8.2 -34 5020 4770 200 190 12 14 
1508 1300 1430. 1.2 2.3 -7.5 2.4 -8.1 8.2 -35 5060 4810 230 220 12 14 
1509 1300 1440 1.1 2.1 -7.2 2.3 -7.8 8.2 -35 5050 4800 210 200 12 14 
1510 1300 1480 1.2 2.2 -7.3 2.4 -8 8.1 -37 5020 4770 200 190 12 14 
\511 1300 1460 1.1 2.3 -7.1 2.4 -7.8 8.3 . -36 5290 5030 310 300 13 15 
1512 1300 1440 1.2 2.4 -7.3 2.3 -7.6 8.1 -35 5300 5040 320 300 12 14 
\513 1350 1420 1.1 2.3 -7.2 2 -7.7 8.1 -34 4820 4580 210 200 11 13 
\514 1350 ~· f6 ~ Ji! (/) t: lb ;M >! ::t' Im (J,V 
l515 1350 rE M 1' ~ (J) t::. lb mt ~ ::t' tm (j~ 

•516 1350 1430 1.2 2.2 -7.3 . 2.5 -1.1 8.1 -34 4790 4550 210 2001 11 13 
\517 1350 '·. · .... JI M ~ ~ (J) t::. lb ilf :iE ::t' ft a~ 
1518 1350 .. ., M M 1' ~ (J) t: lb Ill Ji! =I' 111 (!_~ 

1519 1350 .. • M 1' Ji! (f) t:. lb· 1' ~ ~ ft (l~) .· •I•• 

n ' I .. '• I . . - . 
@ ,9/ILS' t.< .Wli<1'4't_ ,Jr~~~ ~-r \lf,I 'fl!ll _n (l.,,fW\.fMI'./ re: 
@ lMt~$c.f.-td-ii;.~ ~ '}£ l,t1.5~i~£tA{f- s~. . ; 

itilftM 
a;ta 

=FAtllt 

0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
0/72 
46/72 

72/72 

~I 

Jiij$J 

•• Qflll 
(h) 

920 
890 
920 
960 
880 
940 
950 
870 
890 
900 
960 
950 
150 

130 

~ 

=­~ --~ -­al!! 

rrf- Y7f 'lds 

":"l 
~ 

"""' ,-.-.. 
(' 

... 100 

<;:" 

°" 

-I 

~ 
• ji 

... ?.1 
... ';il 

-,,. -i 
h:C rn J;> 
0 (J) 

Wt 

1: 



----~ 
iiiiiiiii en 
-:::r a 
~~::c: 

==~ ~ll' 
====a -= 
iiiiiiiii ~ =---n 

i:2. -I» -o 

~ 
~ 
0 -9i 

.91 
...s 

fi ,.... 
~ -~ 
r -
' ..., 

~ 
~ 

~ 

2. 

,..... 
0 

0 

N) 

00 
~ 

t""loD/ 
-l )..11112. 

i~J 

... i»'f 

+~ 

.. .z-~ 

"J.bo? 
.., .uo& 
~ vo1 
J '2;1\0 

.. 2..Z>\l 

'1o« ,J.ol l, 

1' l.o\J 

'f Vtc+ 
".»',) 

.y.)Dl4. 

"'-'? 
*l.ol> 

2.11\, 

.uz.o 
20l{ 

loll. 

~2.J 

·<i) 6J @ 
I I •EtJl;S:*RlflO>iilBI,,_ w 

Ii" IBaOl,,.·TI02 + er R20 3+ /J BaZrO!l+ yMgO+gMnO I •10>11JJ1 

~~ BaTI03 at ' er(/) p 1' g y+g m St01ilJD• 
O>fHI Eu!lO!I Gd203 Tb20 3 Oy,O!l Ho,O, Er,03 Tm!.O~ Yb,03 ~it <•••> .. ZA 0 0.0008 0 o. 0 0 0 0 0.0008 0.02 0.0015 0.0015 0.003 1.005 1 

-*! 1A 0 0 0 0.04 0.03 0 0 0 0.07 0.03 0.04 0.09 0.13 1.01 1 
... t.A 0 0.02 0.02 0 0 0 0 0 0.04 0 0.04 0.038 0.078 1.01 1.5 ... z.A 0 0 0 0.03 0 0 0 0 0.03 0.08 0.03 0.02 0.05 Lo1 1.5 

..s 1A 0.02 0 0 0 0 0 0 0 0.02 0.02 0.001 0.039 0.04 1.01 1 

"" 'LA 0 0.02 0.03 0 0 0 0 .0.01 0.06 0.02 0.125 0.005 ' 0.13 1.01 1.5 

tllil z.A 0 0 0 0 0.01 0 0.01 0 0.02 0.03 0.039 0.001 0.04 1.01 1 

1111 • z.A 0 0 0 0.04 0 0.02 0 0 0.06 0.02 0.005 0.125 0.13 1.01 1 

• z.A 0 0.04 0.01 0.01 0 0 0 0 0.06 0.03 0.04 0.1 0.14 1.01 1 .., zA 0 0 0 0 0.02 0 0 0 0.02 0.03 0.02 0.03 0.05 0.99 1 ... z..A 0.03 0 0 0 0 0 0 0 0.03 0.04 0.03 0.02 0~05 1.00 1 

id! z.A 0.01 0 0 0 0 0 0 0 0.01 0.04 0.015 0.005 0.02 1.038 1. 

s40 z.A 0 0.02 0 0 0 0 0 0 . 0.02 0.02 0.02 0.03 0.05 1.05 0 

*'14 z.A 0 0 0.02 0 0 0 0 0 0.02 0.02 0.02 0.01 0.03 1.01 o· - 2.A 0 0 0.01 0.02 0 0 0 0 0.03 0.03 0.02 0.03 0.05 1.01 5 

..w; zA 0 0 0 0.02 0 0 0 ·0 0.02 0.02 0.03 0.01 0.04 1.01 0 

*rJlfl. 2.A 0 0.01 0 0 0 0 0 0 0.01 0.02 0.015 0.005 0.02 1.01 0 - 2.D 0 0 0 0.03 0 0 0 0 0.03 0.03 0,03 0.02 0.05 1.01 2 

"M l.A 0.02 0.01 0 0.02 0 0 o. 0 0.05 0.02 0.05 0.07 0.12 1.015 1 

ae l. B 0 0 0 0.02 0 0 0 0 0.02 0.03 0.02 O.Ot 0.03 1.02 1 .. lC 0 0 0.02 0 0 0 0 0 0.06 0.03 0.12 0.002 O.J22 1.03 1.5 

• 2A 0.05 0 0 0 0 0 0 0.01 0.06 0.03 0.08 . 0.07 0~13 1.02 I ... 2A 0.01 0.01 0 . 0.04 0 0 0 0 0.06 0.03 0.002 0.12 0.122 t.01 0 
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J;t.M (PaO),..•TiO,+ aR20:1+ /J BaZr03 + rMsO+gMnO I llta>Mll 

•4 BaTi03 a 'a(J) /J T g r+s m 9'0•111• 
0>911 Eu1103 Gd,03 Tb,03 Oy,03 Ho1103 Er20s Tm;o~ Yb110s 'i!rlt . <•••> 

fD~4 2A 0 0 0 0.001 0 0 0 0 0.001 0.02 0.0015 0.0015 0.003 1.01 1 

t025 2A 0 0 0.01 0 0 0.01 0 0 0.02 0.02 0.02 0.03 0.05 1.01 1 

to26 1A 0 0 0 0.02 0 0 0.01 0 0.03 0.02 0.03 0.02 0.05 1.015 0 

~27 z.A 0.02 0 0 0 0.02 0 0 0 0.04 0.02 0.03 0.05 0.08 1.01 0 

Z,28 lA 0 0.05 0 0 0 0 0 0 (105 0.02 0.05 0.06 0.11 1.01 1 

~29 tA 0 0.02 0 0.04 0 0 0 0 0.06 0.02 0.08 0.082 0.122 1.01 1 

io30 2A 0 0 0 0.01 0 0.01 0 0 0.02 0.005 0.02 0;03 0.05 1.01 1 

io31 . 1A 0 0 0 0.01 0 0 0.01 0 0.02 0.06 0.02 0.02 0.04 1.01 1 

io32 zA ·O 0.02 0 0 0 0.01 0 0 0.03 0.03 0.02 0.04 0.06 1.035 2 

1033 zA 0 0.01 0 0.01 0 0 0 0 0.02 0.03 0.02 0.03 0.05 1.015 0.2 

2134 zA 0 0 0.01 0 0 0 0 0 0.01 0.02 0.01 0.012 0.022 1.01 3 

2035 2A 0 0 0 0.01 0 0 0 0 0.01 0.03 0.015 0.005 0.02 1.01 0 

!e36 lA 0.01 0 0 0.01 0 0 0 0 0.02 0.03 0.02 0.03 0.05 1.01 0 

([) 5~"'4f le /lo. (j) K ~ + lfa Ti. OJ @ Taf ~{ oJ ot 
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0 

@ Ra.f.l.t> of .fh<e. ~""We6fo-ci-hl'-ee. ~e.... rJ) Mtll)'.iil"llA'\ ~~ 
® DC .1.1&..s ~-r0-ch1!_sl<' c.. @ Prorf».cf c1<. (1J .3f"4-epre.s5~ voU~e-

<io/-
0 

w 
oO 

w \,!/') (.._l\} ('jf') •QJ!i*§llJICIJl!IBI~ (/1/ 
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~z.ao 

... Z...02. 

... 1.AOJ 
..., vo'f 

·~ 
~ 'l'l0& 

~'1 ..... 
(f) 

, ..... 
.. ~ 
_ .. -a -· -~ 

- o"6 

1.llit 
!Ill 
("C) 

1300 
1300 
1280 
1300 
1280 
1360 

., ]Jid/ 

.,u.f 
.., 211oj 
..,.2.010 

"20,, 
of)o(~ 

~.2D\J 

- io'fD • 

+..a 
-~ 

.... :a:>l'f 

-t-z.\r 
-.2-9'4' 

~ 2J>I? 

.,. 2.lllJ.. 

z..orr 
.V2D 

~ 

-
-
-
-

u~ 

2'2.J 

~ --
f*1!I 
~ 
'1ld:S 
-tJd:4 

-
~ 

-fl6 
~ 

-..a 
t:9 

• if .. .,. 

1280 
1280 

1300 

1300 

1300 
1300 
1280 
1280 
1280 
1300 
1300 

••• •• 
@ ·~ tan8 

(96) 

2030 0.8 
860 1 . 
1350 0.9 
1420 1 
1550 0.9 
1080 2.5 

* • tit: 
1060 0.8 
1040 2.5 

$ • 1* 
1460 0.9 
Ji t:a ~ 

• M-~ • ta :ii' 
1470 2.7 

~- ta ::{' 

1920 2.6 
1050 0.8 
1230 0.7 
1560 0.8 
1080 0.7 
1060 0.8 
1070 0.7 

9 • .i& II :R it :fl < %) DCl\
0 -tn. (1': CRfl(Q•F). 

AC/Czo AC/C25 •* 4$1!(96) 31,~9~~ )31,~945.¥ 
-25"C 85"C -55"C , 25"C ~ 'b.C/C m m . m mt.P 

5kV/mm 25-C 150"C 

2.4 -8.6 4.3 -12.5 13.4 -56 3040 2890 110 110 
3.5 -14.9 6.5 -23.4 23.4 -14 5070 4820 240 230 
3.6 -8.5 3.3 -13.4 13.4 -30 3020 2110 120 80 
3.5 -13.2 4 -28.6 28.6 -36 5120 4860 210 200 
3.6 -13.2 4 -17.2 17.2 -41 3040 2890 120 . 110 
2.9 -9.1 4.5 -12.8 12.8 -16 5080 4830 220 210 
ft (/) t:. lb ;JU ~ :if' ft (Y.) 

4.2 -9.2 4.5 -18.3 18.3 -16. 3060 2910 140 130 
3.1 -9 4.1 -t3.5 13.5 -15 5080 4830 230 220 
ft (/) t:. lb m• JE ~ ft 

3.4 -9.4 3.8 -13.4 13.4 -38 3180 3020 170 160 
s. (/) t:. lb m• ji: :if' . \ :s-'. 
1E (/) t:. lb ii ~ - :if' fti ,4;...-1 

s. (/) t:. lb 1• ~ ~ ft I 
,.:-. 
•,.; 

3.5 -9.3 4 -12.9 12.9 -39 3160 3000 180 170 
~ (/) t:. lb JI ~ ::{' ft 

3.2 -9.I 3.8 -12.7 12.7 -55 3250 3090 170 160 
3 -8.7 4.2 -13.5 13.5 . -15 5140 4880 250 240 

2.8 -8.9 3.8 -12.8 12.8 -22 5080 4830 260 250 
2.7 -9 3.8 -13.6 13.6 -42 5060 4810 270. 260 
2.9 -9.2 3.7 -13.5 13.5 -16 5200 4940 280 270 
3 -9.4 3.9 -13.7 13.7 -16 5160 4900 260 250 

3.2 -9 4 -13.8 13.8 -16 5220 4960 250 240 

"1Ae. AYJJ,'/k .:#( ~JJ.cdr1.-s "~ ''~ of f.k 5copq_.. o? d.~ pres('Af)~ 
.. 

Mariat1•1% 
(kV/mm) 

AC DC 

13 14 
13 14 
12 lfl 
12 14 
13 14 
12 14 

12 14 
12 14 

10 11 

10 12 

11 11 
13 15 
12 15 
12 14 
12 15 
12 14 
13 15 

(9 - . . . 
@ ~~~ pl'~~('I\.. ~~e.., (@11~1JJ.K7 ·--·- .. -.· -- . - . 
@ tvkaA. )A.(a· ~f,;i ~ G ~~oa.s <A.,~ "-J,. .L.... ~ e. :% S<!.h'M .. UJt.t<1'w.. eiur Jortw--d< <TH..-

@ lNttfl".lO-SIA.'(;J.ble.,... rfa<.e. fa µsUwf{l."v..~ S~U1~ 

(/..l/ ((_.J/ 

itilAJf ·~ ~ 
~- Jf $ 

=FAMlt 8*1111 
(h) 

0/72 850 
0/72 170 

~ ,-,. t.O 
ti-

- co {\ :o 
IA 

0/72 800 
0/72 120 
0/72 880 
49/72 180 _\ 
0/72 110 
15/72 100 

0/72 190 

0/72 160 
~ 

0/72 120 = =-· 0/72 850 iii'iiiiiiiii 
0/72 890 -~ 
0/72 920 

I • 

0/7.2 890 £::-: 
0/72 860 
0/72 900 

rf "'z) e Jc; 
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0 
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«) Sa~ple. No. a>B~~~ fUtf· (j) Oideclrlc..- ~ftwf @Dlelwl-rlc.-(ass . . 

@ RQHo of.~ ol-te.--r-'l~f.wr-4--~ Uf~llA.!°"'<L.- :~ (jJ .9!M{re.s>.uf ~~.e. ; 

(!) :Jtf\.s~°"' Jv.~rko>ttt ~~L (ij) HfMV.rA'J.; 'YeSLS>i:'111'\.ce to-J.. i.fls.i; ~~r of r~·ee4~ 
@ /vf~ J.'f.e SfaM. . ~ •-

..... -,, I(. 
tll/it ••• •• !B • :a ll ): it • (%) 

3.q. 211 @ IA!A: AC/Czo AC/Czs •* 
(j) ("C) tan8 -2s•c 85"C -ss·c 125"C I © (%) 

J.o24 1300 2010 0.9 3.4 -8.9 4 -13.6 14 

~25 1300 1530 0.8 3.4 -8.7 4.1 -12.9 13 

tt26 1280 1470. 0.8 3 -8.8 3.9 -13 13 

"'27 1280 1360 0.7 2.9 -8.9 3.8 -12.8 13 

Z..28 1300 1220 0.7 3.5 -9.2 3.5 -13.2 13 

1.o29 .'1300 1050 0.7 3.3 -9.3. 3.8 -13.8 14 

Jo30 1300 1550 0.7 3.2 -9.1 3.8 -13.5 14 

io31 1280 1570 0.7 3 -9 4 -12.8 13 

~32 1280 1430 0.7 3.5 -8.9 4.1 -13 13 

J033 1300. 1580 0.7 4 -8.8 3.9 -13.7 14 

~34 1300 1600 0.7 4.1 -8.7 3.9 -13.5 14 

to35 1300 1600 0.7 3.2 -9 3.5 -13.9 14 

•36 1280 1540 0.7 3.5 -8.9 3.6 -12.9 13 

<;) - - -
OCl\

0 'f7'. ll! J CR4i(O•F) tefl•••e: 
Mil(%) 3~~ ~9~~ !)3~~9~~ (kV/mm) 

4C/C AC DC 

5kV/mm 25"C 150-C 

...;56 5260 5000 250 240 12 14 

-42 5280 5020 280 270 12 14 

-38 5100 4850 240 230 13 14 

-32 5160 4900 260 250 12 14 

-22 5290 5030 230 220 13 14 

-15 5060 4810 210 200 12 .14 

-41 5120 4860 260 250 12 14 

-41 5180 4920 250 240 .12 15 

-37 5280 5020 250 240 12 14 

-41 5160 4900 230 220 12 14 

-45 5090 4840 260 250 12 14 

-45 5100 4850 250 240 13 14 

-43 5160 4900 .280 270 13 14 

... --
iUIAM Jilt.SJ 

Ma •• 
:fJ.lllt 8$111 

(h) 

0/72 830 
0/72 840 

0/72 890 

0/72 820 
0/72 870 
0/72 900 

0/72 830 
0/72 810 
0/72 860 
0/72 810 
0/72 870 
0/72 850 
0/72 880 
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THiS SHEET HAS BEEN 
REPLACED . 

;@ !~ ,.Al If H/11111111 ' /11111 11 
~fJ I ~) tft 1 O)Zdflt~ 

<I.ff ii1JJA ~9 • .fif£ c .:CJ&,% .. @L.w~•<> 
CB::l:ll> U20 (Si,, Ti1-.)0z w Al203 Zr02 

z.101 1 20 80 0.3 0 .o 
2.102 1 10 80 0.6 5 5 
1103 0.8 10 70 0.5 20 0 
2.104 0.8 35 45 1 10 10 
2105 1.5 45 45 0.5 10 0 
2106 1.5 45 55 0.3 0 0 
J..107 1 20 70 0.6 5 5 
.z.108. . 1 20 10 0.4 10 0 
1.109 1.2 30 60 0.7 5 5 
2110 1.2 30 60 0.8 10 0 
'Z.111 2 40 50 0.6 5 . 5 

. z.112 2 40 50 0.9 0 10 
2..113 1.5 10 85 0.4 5 0 
2114 2 5 75 0.6 10 10 
Z.115 1.2 20 55 0.5 25 0 
2..116 1 45 40 0.8 0 15 
'2.117 0.8 50 45 0.7 5 0 
z.118 1.2 25 75 0.9 0 0 
1119 1.5 25 75 1 0 0 
2120 1 35 65 0.9 0 0 
2.121 1.5 35 65 1 0 0 
z.122 1.2 20 70 0.2 0 10 

[ 4 9] 
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® A~ 1 JJJ.Ji.~ e,f»'ro h7 ~a«-} 
(j) ~l.poslt.io.NL ( fl'-4 }{ > uC<fk W ) . 
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0 

0 

(JI -...... 

(f) 5~ No. <:§ fJo.k.11; ~- @ Dielec6tlu etmd-Mt.f @ Olele.d'f'i C/ /flss 

(j} ~o '1 f~'-.ro.tttre..-
1

J.fL!*"'rfu;f ~~e,e,, o/Ld.M;j-e-- @ Jvf P«i~ ~ 
(j) Pc. <.M £vd ek..·rtJ.-Jgf{ C. ,s 1: t e.- © Pru dArf c R (f) !Jf'IA.(l'I es s- e.rf. ~ e 

... oo I """'"r 

!t'4 lllit .... •• fit • = JI 'R 11: * (%) OCt\" {77. ('K/ CRM( Q•F). t!tllitaCS: itilUUli 

•-11- :11 -~ AC/C20 AC/Cas :II:~ Mft(96) 311~ 9~~ 31,~94511- (kV/mm) Wt 

© ~) @ tan6 -25-C 85-C -55-C 125"C I 'AC/C EIJ 'I EIJ EIJ1iP AC DC =F.tlilllt 
(96) 5kV/mm 25-C 150"C 

2.101 1280 1430 0.8 3.6 -9 4.2 -13.4 13 -37 5240 4980 240 230 12 14 0/72 
1102 1280 1460 0.8 3.8 -8.7 3.8 -13.5 14 -37 5130 4870 220 210 12 14 0/72 

2.103 1280 1490 0.8 4.1 -8.9 3.9 -13.6 14 -40 5170 4910 220 210 12 14 0/72 
1.104 1300 1420 0.8 4 -9 4 -14 14 -35 5090 4840 230 220 12 14 0/72 
1105 1300 1430 0.9 3.2 -9.2 4.2 -13.8 14 -36 5080 4830 220 210 13 14 0/72 
l.106 1280 1400 0.8 3.6 -9.4 3.7 -13.7 14 -35 5100 4850 210 200 12 14 0/72 
1101· •1280 1460 0.8 3.5 -8.8 3.5 -13.9 14 -38 5160 4900 210 200 13 14 0/72 
1108 1280 1460 0.8 4 -9.5 3.9 -12.8 13 -38 5240 4980 210 200 12 15 0/72 
2.109 1280 1420 0.9 3.8 -9.6 4.2 .-12.5 13 -36 5230 4970 210 200 12 14 0/72 
'U10 1300 1470 0.8 3.5 -9.7 3.5 -13 13 -38 6200 4940 210 200 12 14 0/72 
1111 1300 1430 0.8 3.9 -9.5 4.2 -13.8 14 -35 5180 4920 220 210 13 14 0/72 
1112 1280 1420 0.8 4 -9.6 4.3 -13.6 14 -35 5270 5010 220 210 12 14 0/72 
2113 1350 m t.a ~ l!. (J) t::. lb ~ m ~ • (J3) 

2114 1350 • f:i 1' le. (J) t::. I/) .. ~ ~ Im y~) 

1115 1350 1230 1.8 3.5 -9.1 4 -13.8 14 -22 3800 3610 150 140 11 12 26/72 
111 G 1350 ~It M 1' ~ © t::. lb iM m ::t' Fl 13) 

1117 1350 m M 1' .5! <J'J t=. lb l• ~ ::f' fm . 1/.3) 

lilt!} 

Jf $ 

ltM 
Ch> 
850 
890 
870 
830 
840 
850 
890 
840 
830 
840 
890 
900 

150 

--· ~~~., 

1118 1300 1480 0.9 3.8 -9.3 4.6 -13.5 14 -37 5160 4900 220 210 12 14 0/72 860~ ~ 
;i 

-en· 
iiiiiiiioo !!!!!!!!go =SP. -::c 

1119 
1120 
'1121 
1:122 

1350 1200 1.6 
1300 1450 0.9 
1350 1210 1.4 
1350 1190 1.5 

3.2 -8.8 3.8 -12.9 13 
3 -8.9 3.8 -13.7 14 

3.8 -8.9 3.5 -13.6 14 
3.6 -9 4 -13.5 14 

-20 3860 3670 120 110 11 12 20/72 !• -38 5230 4970 230 220 12 14 0/72 
. -21 3810 3620 130 120 . 11 12 34/72 130~ 

-20 3850 3660 100 90 11 12 29/72 18d !!!!! 
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(j) :SQ~p(e. No. © ~ 1- o-J.J;.h.'<rA CptJ.Yfh h1 w~lci) 
~ is1ettttJ.'a.f. ~po~ <~Yu} @ !tJJed. ~r~ cpart, b7 (JJ.f.J.gU) 

I l31 '11120)ldtii:~ r.on 

-~ ~1.IJ:I: ('f} .±. $. ~ (;: JI, %) iti1.IJfif~(Jt••> 

(j) ~In Si02 Ti02 XO· Al20a Zr02. 
BaO Cao SrO Ml!O ZnO MnO -&It 

l201 1 85 1 1 0 0 0 4 9 14 0 0 

2.202 1 35 51 0 10 0 0 0 4 14 . . 0 0 
t203 1 30 20 0 30 0 15 4 1 50 0 0 
2.204 1 39 1 20 20 2 0 13 5 60 0 0 
1205 1 70 10 5 5 0 0 10 0 20 0 0 
2206- 1 45 10 0 0 ·o o· 15 30 45 0 0 
1207 1 50 20 10 10 . 3 7 0 0 30 0 0 
1208 1 50 30 0 16 0 0 0 4 20 0 0 
2209 1 35 30 25 10 0 0 0 0 35 0 0 
2210 1 40 40 10 0 0 0 5 5 20 0 0 
2211 1 45 22 3 30 0 0 0 0 33 15 0 
1212 . 1 45 22 3 30 0 0 0 0 33 10 5 
2213 1 65 25 5 5 0 0 0 0 10 0 0 
2.214 1 25 40 15 0 lO 0 5 5 35 0 0 
2215 I" 30 10 30 25 0 0 5 0 60 0 0 
2216 1 50 0 35 15 0 0 0 0 50 0 0 
2217 1 45 22 30 0 0 3 0 0 33 25 0 . 

1218 1 45 22 30 0 3 0 0 0 33 0 15 
2.219 1 30 60 10 0 ·O 0 0 
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ltM Slit ..... •• ff. :a = ll • it * (%) OCl\".(7~ Of CR.(O•F). 

•-1t :Ill ~ -~ llC/C20 AC/Cis -~ Mf!C96) 315~ '9~~ ,31,~945V. 

(j) J;-C> tan8 -25"C 85-C -55"C 125-C ~ 'AC/C t:ll111 Q1 qJ QJ~ 

(%) 6kV/mm 25"C 150-C 
\;:;:: 

J.201 1300 1040 0.7 3.4 -9.5 3.6 -13.9 14 -16 5070 4820 2t0 200 

1202 1280 1060 0.7 3.5 -8.9 4 -14.2 14 -17 5090 4840 210 200 

2.203 1280 1100 0.7 3.8 -9.1 3.9 -13.8 14 -18 5100 4850 220 210 

2204 1300 1070 0.7 4 -9 4.2 -13.5 14 -17 5120 4860 210 200 

1205 1300 1020 0.7 4.2 -9.2 4.3 -13.6 14 -15 5130 4870 210 200 

2206 1280 1080 0.7 3.9 -8.8 4.5 -13.7 14 -17 5080 4830 230 220 

2.207 1280 1100 0.7 3.4 -8.7 4.5 -14 14 -18 5080 4830 210 200 

1208. .1300 1060 0.7 3.6 -8.9 4.2 -13.5 14 -17 5120 4860 220 210 

7.209 1300 1090 0.7 4.1 -8.8 4 -13.6 14 -18 5160 4900 220 210 

1210 1300 1050 0.7 3.8 -9 4.3 -13.7 14 -17 5150 4890 210 200 

2211 1280 1070 0.7 3.9 -9.2 4.2 -13.3 13 -17 5430 5160 310 300 

1212 1300 1080 0.7 4 -9.4 4 -13.5 14 -18 5450 5180 320 300 

2213 1350 860 1.4 3.5 -8.7 3.9 -13.6 14 -14 3790 3600 150 140 

1214 1350 • tti ~ ~ (]) t: ¥) ~ ~ ~ fl Q}) 

2215 1350 m ta ::f' ~ © t: ¥J m• ~ ~ 11 l3J 

2216 1350 830 1.3 3.6 -8.8 3.9 -13.7 14 -14 3860 3670 130 120 

~17 1350 • • ~ le (1) t: lb jM »! ~ • . ~ 

1218 1350 • t1i "' ji (/) t: lb 1• ~ "' • ~ . 
, 11 ta ~ ~ (1) t: lb -. ~ ~ a (/!,) 

. 

2219 1350 

{j) H~f; ye.,Lsr~ µ f.e.~.f i ~ of' reae..c:i's. 

@ M04M. P/L Sf!()N\.- ' . I I . .. . 

@ L/;Ktp.Q<J..j(). ralb- ck.e. jD imftL;'f µ\ '5 u{f c_ ~I aJ- :j}.J-IJ/( VCr 

- , 

Mlirt•tlf iUIHtli 
(kV/mm) ... 
AC DC :iFlilllB 

13 . 15. 0/72 
12 14. 0/72 
12 15 0/72 
12 14 0/72 
13 14 0/72 
13 15 0/72 
12 14 0/72 
12 14 0/72 
12 14 0/72 
12 14 0/72 
12 15 0/72 
12 14 0/72 
11 13 45/72 

- I ·- . •• 
'"'' (h) 

880 
850 
800 
900 
920 
840 
860 
920 
900 
880 
870 
900 
·160 

.... 

. .;, 

~ 
~ 
0-

" ~ 

__! 

-I 
I 

11 12 68/72 180 U5 
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-t.1.3•} 

-.1'a'f 
-t1Jo) 
41Jo~ 

-ft'U>? 
-t.Vol 

.J13o7 
.J:.1110 

... -i.Jt1 

-11312 

., 'll•J 
., l11'f 
_..ur 

lJl.C. 

lJ•? 

--~---
--~ 
~ 

. '<Iii 
- ~ 
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- ___,. 
~ .... 
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-
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(Ba0}m•Ti02+ aR203+ /J BaZr03+ yMnO 

BaTi03 a 

(/) .. Eu20 3 Gd20 3 Tb20 3 OyzOcs Ho20a Er20 3 Tm20. Yb20 3 

A 0 0.0007 0 0 0 0 0 0 

A 0 0 . 0;02 0 0.055 0 0 0 

A 0.01 0 0 0.025 0 0 0 0 

A 0 0.01 0 0 0.01 0 0.01 0 

A 0.04 0 0 0 0 0 0 0 

A 0 0 0 0.02 0 0.03 0 0 

A 0 0 0.02 0 0 0 0 0.01 

A 0 0.01 0 0.01 0 0 0 0 

A 0 0 0 0 0 0 0.01 0 

A 0.01 0.01 0 0 0 0 0 0 

A 0 0 0 0 0.01 0 0 0 

A 0 0.02 0 0 0 0.02 0 0 

A 0 0 0.01 0.01 0 0 0 0 

A 0.01 0 0 0 0 0 0 0.01 

D 0 0 0 0 0.02 0 0 0 

A 0 0.02 0.02 0 0 0 0 0 

B 0 0 0.01 0 0 0.01 0 0 

~a(/) p 'Y m 

'B'lt 
0.0007 0.03 0.0014 1.005 

0.075 0.02 0.128 1.01 

0.035 0 0.07 1.015 

0.03 0.07 0.06 . ·tot 

0.04 0.025 0.001 1.01 

0.05 0.03 0.145 1.01 

0.03 0.03 0.06 0.99 

0.02 0.03 0.04 1 

0.01 0.03 0.02 1.037 

0.02 0.03 0.04 1.045 

0.01 0.02 0.02 1.01 

0.04 0.03 0.08 1.01 

0.02 0.04 0.04 1.015 

0.02 0.02 0.04 1.01 

0.02 0.04 0.04 1.01 

. 0.04 0.02 0.08 1.01 

0.02 0.03 0.04 1.02 

<1) s~A No. ~ t~ "f Ba. Ti 03 0> To:/rJ 1 c:l.. . , , , 

~ JILL ~~ ;f<. ;,..Ji~ r ~ 1 'fk. .sr_opq_ of -de, pre.sJ vM(flliii~ 1 

<f> A-~+ ~'fr:'~ 1, fo fcrsk ~o~e-J- Cp~s "1. t#4~ii-) 
@ A~ -f oJ.JJ.JI~ i, -J:J~ se~J ~o~(f"-'f~ b7 ·ueAi;,4*) 

M10141t •20Mit 

1t0>11111JI ftO>flllJA ti. 

<•••> .<•••> 
1 0 

1 0 

1-

1: 
.o 

2 0 

2.5 0 
~ IO -0 

1 0 

1 0 

0 1 

2 0 

1 ' 0 

0 2 
0 0 
4 0 

0 0 

0 5 

2 0 

0 1 

1 a !iiiii ------
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- m· - z 
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;i 
-u;· 
iiiiiiimii r.n 
-:::i-" -n 
~a 

-e= -=t:1::1 
==g -= 

ltft {ija0lm•Ti02+ aR203+ /J BaZr03+ rMnO I M10)11Jt 

..... B8Ti0a "' 
'er(/) fJ • T m 1tO>lifll• 

<J) O)flJI Eu20s Gd203 Tb20 3 Dy203 Ho20 3 Er203 Tm20~ Yb203 ~It <•••> 
~18 c 0.03 0 0 0 0 0 0 0 0.03 0.02 0.13 1.03 2 

1319 A 0 0 0 0.01 0 0 0.02 0 0.03 0.02 0.06 1.015 1 

1320 A 0 0.04 0 0 0 0 0 0 0.04 0.03 0.08 1.02 0 

1321 A 0 0.001 0 0 0 0 0 0 0.001 0.02 0.002 1.01 1 

ri;l22 A 0 0 0.01 0.01 0 0 0 0.01 0.03 0.03 0.06 1.01 1 

1323 A 0 0 . 0 0 0 0.02 0 0 0.02 0.02 0.04 1.025 0 

l.324 A 0 0.01 0 0 0.03 0 0 0 0.04 0.02 0:08 1.01 0 

L125 A 0 0 0 0.02 0 0 0.02 0 0.04 0.03. 0.08 1.01 1 

1326 A 0 0.03 0 0 0 0.03. 0 0 0.06 0.03 0.12 1.02 2 

1327 A 0 0 0.01 0 0 0 0.02 0 0.03 0.005 0.06 1.01 1 

1.328 A O· 0 0 0.01 0.01 0 0 0 0.02 0.06 0.04 1.01 1 

l329 A 0 0 0.01 0 0 0.01 0 0 0.02 0.02 0.04 1.035 2 

l330 A 0 0 0 0 0 0 0.03 0 0.03 0.03 0.06 1.01 0.2 

t331 A 0.01 0 0.01 0 0 0 0 0 0.02 0.02 0.04 1.01 3 

1332 A 0 0 0 0.01 0 0 0 0.01 0.02 0.04 0.04 1.01 0 

1333 A 0 0 0 O' 0 0.02 0 0 0.02 0.03 0.04 1.01 0 

(j) s~ No. <JJ ~ ~ B~Tio:, @lot~ "f-· ol. ~ . 

@ A~. 'f ruk/.i:A<l"'l cf ~ fY-sk f#- sLrl.e. ~o~ (fO-rf:-;, h7 ~~~'(f'1i-} 
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"" l.J•l 
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... 2Jb~ 

... lJ't 

.ft :aJ•' 

.,, uoi] 
.. fJlt 

"f- lJ•f 
... .2.110 

... ~,, 

... 2.Jl'Z. 

""" lJIJ 
~ 1..Jl'f 

*2JU" 

231.& 

(j) S<Jh\fle. No. © Ba.lei~ ~· (3) Dl~feJt~u ~ 
® {4.A'o of ~41'(~e, ~M-~~~ee--·~~ (a) frf6x~ ~ 
(j) De .(rl{;.d ~(0vdvr1.:J ti u <i) ProrJ.AA.cf ~ (j) ~fPA.{'Ye. 5rerJ. ~e-
Q!) 1~ ~ti<. * Jµ.r}Jedi.J ''~t-1 £b__ S<!-o;-e-1- fft_ fY€~~ µ~61'L 

~ - ... 

it*4 MAt ••• 11• l3")8 .. ;& 11 R it Jfl (96) oer.·.,1;11. (g'j CRfl(O•F.) te••••e: 
•.Jt =rt © tA!A!: ll.C/Czo ll.C/C25 :ll::A: ftH!(IJ6) 3~~ 9~~ 311~ 945'* (kV/mm) 

(!) ("C) tanc5' -25"C 85"C ~ss"C , 25"C re! . AC/C RJ RJ1Jfl. AC DC 

® (96) SkV/mm 25"C 1 SO"C 

-·--- 1300 1560 0.8 4 -13 5 -18 - ... - 18 -39 5200 4940 230 220 12 14 .... 1300 810 0.7 2.4 -7 4 -7 7 -10 5430 5160 200 190 12 14 - 1300 1330 0 .. 8 2.2 -7.8 5 -8 8 -22 3000 2100 90 60 12 14 .. ----- 1300 1330 0.7 2.4 -14.2 4.8 -27 27 -22 5230 4970 220 210 12 14 
..-r • SJ -- f*. it (/) t: I/) 11• ~ :ii' ft ~ 
............ 1280 1120 0.8 3.4 -8.3 4.6 -19 19 -13 3080 2930 130 120 12 14 

'~ • • f* {I: (/) t: I/) • ~ ~ .. 
...- -1300 1440 0.7 3.2 -8.2 4.1 -9. 9 -37 3200 3040 120 110 10 12 
....- m f& ::{' .@ (/) t=. N> ,.. ~ ~ 111 •@ 

r ._............. 

,~ m M 1' .@ (/) t: N> SM ~ :ii' fm ro 
~a.&.I ift·M 1' - .@ (/) t: N> , •. ~ :ii' ft (SJ 
~ .. ....n 1300 1280 2.2 3.3 -8.7 4.3 -9.2 9.2 -22 3310 3150 130 120 11 11 
............... ~Jt ta 1' .@ (/) t: N> ~l• ~ 1' fm -
..- 1300 1420 2.4 . 2.7 -7.6 . 3.6 -8 8 -36 3200 3040 150' 140 10 11 
_.............,, 1300 1120 0.7 2.4 -7.2 5 -9.1 9.1 -14 5240 4980 210 200 12 14 
1"nz: 1280 1220 0.7 .2.4 . -8.4 4.5 -11 11 -21 5130 4870 250 240 12 14 

.... 7·.1 

ifillllli lp.t!J 
Wl ... 

=F.lllllt llHll 
(h) 

0/72 880 
12/72 920 
.0/72 880 
0/72 130 

0/72 120 

0/72 110 

0/72 140 

0/72 170 
0/72 900 
0/72 850 

~ 
....J , 
-­....... ,. 

~ 
~ 

iiiiii --
iiiiiiiii ----- ... --- ... ·-..... .... .. ,,, _ft II!> JI II!> _offt .. .. ... 

- ~""' l:!t 181\ """" ft ft ft ft ft ft ... ... A. ,, ...... .. .... JJ•71:;!F'l l~ISU! l4DU I v.1 1 l;.u 1-o.u1 ... u ,-,, •• , ''·' 1 -01 1 u1uu1 "t;11uu1 1;ou 1 ££U! 10 1 ... I u/ .f"i:.. ! o:.u I ..... 

rfj) .91lts£C.U~ )rru,,Jz,J,ow'!'- ~°Oe,, @ HutrM'd.1.:17 resl'Jt:JiM.c,e, M f~-d-: N~tQ/f 'f ~'ec· 
@ M124M. ft f2- sp()JIL , , == 
{j) ~5v..1r;.,,t~ b. :fr; se,v.. c.<rv'-d»..dur fut'~ 
@ ~flAJl.a.51.A--ro.lrk. ~ cJ; · _;;.,. su..(f i. c.,( ~ stniut "<J" 
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=~ -::c: 

=~· =ai 
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iiiiiimm:= -.g 
!!!!!!!!!~ . G 

c. 
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0 

0 

en 
en 
llo..ol 

(J) 5~ ti'•. <J) 8~ ~- @ Oteh...frl..v Gtt><-sW @ OieJed-t/.v ill.J.o-M 

@ /Wio 1- J~talM-re. r].pud>4: ~d.f ~e...,. ~e.. @ ~i.,fllW"{ .i.du.e_ 
(j) .OC. utQ..:S tkro..d11.l/l5 tf.e,, (f) f;rocLu.hf vR. (fJ ,9fA(fe.$re.d ~e., 
@ ~5~fPl _);.JWJL~tA- ~~(Je-

..... - I 
, .. 

litft •• ••• •• (~W a : If R 4t Jf& C%) OCl\"{77.. 76) CR3( S2 ·F) •••••a: itilUUlf ..... ii.I: <$) -~ l:lC/C20 AC/C20 •=*= ft1t(%) 3~:dj9~:6 31~<t>945\l (kV/mm) Im 

(D ("C) tan8 - 25"C 85"C -55"C l25"C •• AC/C 1 EP1ll mmq AC DC 

~··· @ (%) 
tjj' . 5kV/mm 25-C 150-C 

1318 1280 1360 0.8 3 -9. 4.7 -10.4 10.4 -28 5200 4940 220 210 12 . 14 0/72 

1319 1300 1370 0.7 3.4 -9.1 4.5 -9.7 9.7 -30 5080 4830 240 230 12 14 0/72 

1320 1300 1240 0.7 2.8 -8.7 5 -9.5 9.5 -22 5140 4880 230 220 1~ 14 0/72 

1321 1300 1510 0.7 2.6 -8.5 4.8 -13.4 13.4 -39 5300 5040 230 220 12 14 0/72 

2.322 1300 1360 0.7 2 -9 4.6 -10.3 10.3 -29 5220 4960 210 200 12 14 0/72 

1323· 1300 1460 0.7 3 -9.2 4.9 -11.2 11.2 -38 5290 5030 250 240 12 14 0/72 

2324 1280 1250 0.8 3.2 -8.8 4.6 -11 11 -23 5340 5070 230 220. 13 15 0/72 

1325 1300 1240 0.7 3.3 -8.7 4.3 -12 12 -23 5330 5060 220 210 12 14 0/72 

2.326 1300 960 0.7 2.9 -9.2 5.1 -12.5 12.5 -12 5080 4830 200 190 13 15 0/72 

2327 1300 1340 0.7 2.8 -9.3 5.3 -12.1 12.1 -30 .. 5210 4950 210 200 12 14 0/72 

2.328 1280 1440 0.7 2.1 -8.5 4 -11.5 11.6 -38 5240 4980 220 210 12 14 0/72 

2.329 1300 1470 0.8 2.6 -8.2 4.6 -13.6 13.6 -39 5260 .5000 230 220 12 14 0/72 

2330 1300 1360 0.7 3 -8.8 4.2 -11.8 11.8 -28 5220 4960 220 210 12 14 0/72 

2.331 1280 1420 0.8 2.7 -9 4.8 -11.9 11.9 -36 5240 4980 210 200 12 14 0/72 

l332 1300 1430 0.7 2.8 -8.6 4.7 -11 11 -36 5280 5020 230 220 12 14 0/72 
2333 1300 1460 0.7 3 -9.1 4.3 -10.7 10.7 -39 5300 5040 220 210 12 14 0/72 . 
(ij) Ht.<~J/.;.Jf; '}'e-sl5f11oM.ce- j.u:J. fe.~· ~ ~ c{ y"t}"".e.ii;~ 
@ M~ 1'1'- sp (}./ti\. • . :." . 
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ltllll 
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930 
870 
830 

950 
880 
900 
860 
830 
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870 
910 
950 
880 
930 
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860 

~ 
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;l 
--·-r;;· 
iiiiiiiiiiii ti} 
-::r 
-(11 
~(11 --- .... 
iiiiiiiiiiii :t ==ei 
=~ 
===g 
-::s 
iiiiiiiiiiii ~ 

~ 
~Pl 

a. 
I 

,.... 
0 

0 

-:J 

U1 ..... 

Sitf:l 
•oil 
(j) 

~01 

1402 
2.403 
1404 
t405 
1406 
t407 
l.408 
t409 
1410 
1411 
Z412 
1.413 
2414 
2415 
1416 

1417 
1418 
1419 
1420 
2A21 
Z.422 

lllit ••• 
!Ill ® 
<:> 
1300 1430 
1300 . 1430 
1280 1440 
1300 1470 
1300 1430 
1280 1430 
1300 1430 
1280 · 1450 
1280 1460 
1280 1480 
1300 144.0 
1280 1420 
1350 
1350 
1350 1440 
1350 
1350 
1300 1460 
1350 1430 
1300 1440 
1350 1460 
1350 1420 

-•• (s-J# • =. .ti Jt it $ ( %) OCl\"1'7'. 

a~ AC/C20 AC/C2s :A:;.t;: Mt!C%> 
tan8 -25"C 85"C -55"C 125"C ~u· t.C/C 

(%) 6kV/mm 

0.7 2.6 -8.4 3.6 -10.1 10.1 -36 
0.6 2.3 -8.4 3.4 -10.5 10.5 -36 
0.7 2.5 -8 4.1 -10.6 10.6 -36 
0.7 2.2 -8.1 4.2 -11 11 -38 
0.7 2.2 -7.9 4 -11.3 11.3 -36 
0.7 2.7 -8 4.2 -11.5 11.5 -36 
0.7 2.6 -8.2 3.9 -10.5 10.5 -36 
0.6 2.8 -8.3 4.1 -11 11 . -37 
0.7 2.4 -8 4.2 -12.1 12.t . -37 

0.7 . 2.3 -8.t 4.1 -11.7 11.7 -38 
0.7 2.4 -8.2 3.9 -11.6 11.6 -as 
0.6 2.2 -8.3 3.8 -11.5 11.5 -36 

• tie ~ ~ (/) t: N.> •. IQ :IE.. :if' 

• M ~ ~ (/) t:-·· ~-;~ 1• ~: ~ - • !"J •• • 

1.8 2.8 -8 3.8 -11 : 11 . -38 

• t:li =i' .m. (/) t: . fl>"" m. ~ - :if' 

• *5 ~ ~ (/) t- ~. •·· 7! ,..,. . .· ~ 

0.8 2.7 -8.2 4.1 · -10.7 ·10.7 .-37 
1.6 . 2.5 -8.3 4.2 .:..10.8 -:10.a. · ~36 

0.7 2.5 . -8.4 4· -;11.5 .. ~1.6 -37 
1.8 2.7 -8.3 3.9· .-10 110, .. -37 
1.6 2.5 -8.2 3.7. ..;;10.7 !]0.1 } -36 

l SJCRflC 0 ~F> 

3~~ )9~~ QI 
)311~45V QI QJ1(1l 

25°C 150-C 

5100 4850 220 210 
5120 4860 z10 200 
5230 4970 200 190 
5100 4850 230 220 
5160 4900 230 220 
5230 4970 210 200 
5140 4880 220 210 
5150 4890 220 210 
5120 4860 . 2QO 190 
5130 4870 220 210 
5140 4880 220 210 
5260 5000 200 190 
ti ([JI 

fl QJ) . 

5220 4960 190 180 
fm (13) 

fm ~'3) 

5170 4910 210 200 
5280 5020 220 210 
5100 4850 190 180 
5160 4900 190 180 
5200 4940 200 190 . . ~ -

~ f :U'tit:J :::tr::. !::ffi::f YJi ~ ft# sp 
@ L4.NU6..SrA<11-fr}.µ ~ fr;,,. su.~:~~ sW41r? . 

.• 1.· ,. 
_, .. ~,.Jjff~.·:·.· 

~ .. 
_, 

M•fltlf IUIA#i 
(kV/mm) -AC DC 

~-·· 
12 14 0/72 
12 14 0/72 
12 14 0/72 
12 . 14 0/72 
13 15 0/72 
12 14 0/72 
13 15 0/72 
12 14 0/72 
12 14 0/72 
12 14 0/72 
12 14 0/72 
12 14 0/72 

11 12 55/72 

11 13. 0/72 
11 13 33/72 
12 13 0/72 

·· 11 13 52/72 
11 13 49/72 

....,, 

•SJ 
•* MM 
(h) 

880 
900 
870 
820 
820 
950 
830 
800 
880 
850 
810 
920 

120 

860 
110 
870 
130 
140 
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c,.. 
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iiiiiiiiiiiii 
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(f) 5~ /'lo. (j) 8~17J ~ (}) Dl~J-av Cf!1t.,faA<Jf' @ 'Ot'eb.eft(e {o5:J 
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; 
-u;· 
iiiiiiiiiiiii en 
-[ 
-i =Oj 
-n =s 
==~ -,, 
~~ s. 

tJ Rdi.o °t j~o.JA-re. ~4\4.rJ.wt C8/1o..ct)<JM.efb ~~ @ ~i~ ~e­

,_. (j) 0 C- .(}{~ ko..Jt!.i(t:stle- @ Prokc1- e,p... CJ) .9~1'e55ee/ ~,,._(JL-

~ <{j .~frt.5 "'M11.~ J.rMafe ~IA ~°de. 
00 

~ ...... 
- . - . 

Jtf4 •• ••=t& •• (S-/11 .. = ll lt it • (%) oen·-<1" l2J '.I CRSCQ•F) 

•* •• ® 115'; A.C/C20 A.C/C2s ll1' 40~(%) 3~~l9~~ ,a11~ 945'lt: 

(]) aJ> tan8 - 25"C 85"C -55"C 125"C ./) AC/C ftJ RJM! 
·1- (%) SkV/mm 25"C 150-C 

f.501 1300 1350 0.9 2.2 -8.3 3.6 -10.2 10.2 -32 5120 4860 230 220 

2502 1300 1350 0.8 2.3 -8.6 4.1 -10.4 10.4 -32 5210 4950 240 230 

!503 1300 1360 0.9 2.4 -8.7 4 -11 11 -32 5130 4870 220 210 

1504 1300 1320 0.8 2.3 -9 3.8 -11.6 11.6 -31 5140 4880 230 220 

2505. 1300 1360 0.9 2.2 -8.2 3.9 -10.8 10.8 -32 5160 4900 220 210 

2506 1300 1340 0.8 2.3 -8.6 4 -10.7 10.7 -32 5120 4860 210 200 

~507 1300 1310 0.9 2.6 -8.4 4.2 -11 11 -30 5240 4980 230 220 

t508 1300 1340 . 0.9 2.5 -8.2 4 -11.5 1 t.5 -32 5230 4970 220 210 

2.509 1300 1330 0.9 2.3 -8.3 3.7 -11.6 11.6 -31 5200 4940 220 210 

2510 1300 1370 0.9 2.1 -8.4 3.5 -1 t.3 t 1.3 -33 5030 4780 210 200 

'2511 1300 1360 0.8 2.2 -8.6 3.8 -10.9 10.9 -32 5430 5160 340 320 

2.512 1300 1350 0.9 2.6 -8.3 3.6 -10.7 10.7 -32 5410 5140 330 310 

2513 1350 1330 0.9 2.4 -8.4 4 -11 11 -31 5120 4860 220 210 

~14 1350 • ta ~ le. (J} t::. lb BM :iE :if' n. w; 
2.515 1350 m t.a :if' ~ (J} t::. lb BM ~ ~ fm Q3) 

2516 1350 1320 1 ·2.3 -8.5 3.8 -11.5 11.5 -30 5160 4900 230 220 

~517 1350 • ta ~ li! (J} t::. lb • ~ :if' • G1~ 
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1. A dielectric ceramic composition comprising 

barium titanate containing 0.02% by weight or less of alkali 

metal oxides, at least one of either scandium oxide or 

yttrium oxide, at least one kind of compound selected from 

europium oxide, gadolinium oxide, terbium oxide and 

dysprosium oxide, barium zirconate and manganese oxide, 

containing an essential component represented by the 

following composition formula; 

(wherein M203 represents at least one of either Sc203 or Y203 

and R203 represents at least one of the compound selected 

from Eu2031 Gd2031 · Tb203 and Dy2031 a, p, y and g representing 

mole ratio in the range of O.OOls a s 0.05, 0.001 s p s 

0.05, ~.005 s y s 0.06, 0.001 < g s 0.13 and a + p s 0.06 

with 1.000 <ms 1.035), 

characterized by containing 0.2 to 3.0 parts by weight 

of either the first or second side c.omponent relative to 100 

parts by weight of said essential component, wherein said 

first side component is an oxide represented by Li20 - (Si~ 

Ti)02 - MO (wherein MO is at least one of Al203 or Zr02 ) and. 

said second side component is an oxide represented by Si02 -

Ti02 - XO (wherein XO is at least;. one c)f. the compound 
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2. A dielectric ceramic composition according to 

Claim 1, wherein said essential component further contains h 

mole ratio of magnesium oxide, whe.re 0.001 < g :S 0.12, 0.001 

< h :S 0.12 and g + h s 0.13 

3. A dielectric ceramic composition comprising 

barium titanate containing 0.02% by weight or less of alkali 

metal oxides, at least one of either scandium oxide or 

yttrium oxide, barium zirconate and manganese oxide, 

containing an essential component represented by the 

following composition formula; 

(BaO)a.Ti02 + aM203 + (3BaZr03 + yMnO 

(wherein M203 represents at least one of either Sc203 or Y2031 

a, (3 and y representing mole ratio in the range of 0.001 s a 

s 0.06, 0.005 s (3 :S 0.06 and 0.-001 < y s 0.13 with 1.000 < m 

:S 1.035), 

characterized by containing 0.2 to 3.0 parts by weight 

of either the first or second side component relative to 100 

parts by weight of said essential component, wherein said 

first side component is an oxide represented by Li20-(Si, 

Ti)02-MO (wherein MO is at least one of Al203 or Zr02 ) and 

said second side component is an oxide represented by Si02-
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Tio2-xo (wherein -xo is at least one of the compound selected 

from Bao, Cao, sro, MgO, zno and MnO). 

4. A dielectric ceramic composition according to 

Claim 3, wherein said essential component further contains g 

mole ratio of magnesium oxide, where 0.001 < y $ 0.12, 0.001 

< g $ 0.12 and y + g $ 0.13 

5. A dielectric ceramic composition comprising: 

barium titanate containing 0.02% by weight or less of 

al~ali metal oxides, at least one kind of the compound 

selected from europium oxide, gadolinium oxide, terbium _ 

oxide, dysprosium oxide, holmium oxide, erbium oxide, 

thulium oxide and ytterbium oxide, barium zirconate and 

manganese oxide, containing an essential component 

represented by the following composition formula; 

(BaO).Ti02 + aR203 + (3BaZr03 + yMnO 

(wherein R203 represents at least one kind of compound 

Yb203, a, p and y representing mole ratio in the range of 

0.001 $ a $ 0.06, 0.005 $ p $ 0.06 and 0.001 < y $ 0.13 with 

1.000 < m $ 1.025), 

characterized by containing 0.2 to ~.o parts by weight 

of either the first or second side component relative to 100 
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parts by weight of said essential component, wherein said 

first side component is an oxide represented.by Li20-(Si, 

Ti)02-MO (wherein MO is at least one of Al203 or Zr02 ) and 

said second side component is an oxide represented by Si02 -

Ti02 - XO (wherein XO is at least one of the compound 

selected from Bao, cao, sro, MgO, zno and MnO). 

6. A dielectric ceramic composition according to 

Claim 5, wherein said essential component further contains g 

mole ratio of magnesium oxide, where 0.001 $ ~ $ 0.06, 0.001 

< y $ 0.12, 0.001 < g $ 0.12 and y + g $ 0.13. 

7. A dielectric ceramic composition according to 

Claim 1 to Claim 6, wherein said first side component, when 

its composition is represented by xLi20-y(Si,.Ti1_w)02-zMO 

(wherein x,· y and .z represent mol% and w is in the range of 

0.30 $ w $ 1.00), falls within or on the boundary lines of 

the area surrounded by the straight lines connecting each 

point indicated by A (x = 20, y = 80, z = 0), B (x = 10, y = 
80, Z = 10), C (X = 10, y = 70, Z = 20), D (X = 35, y = 45, 

z = 20), E (X = 45, y = 45, z = 10) and F (X = 45, y = 55, z 

= 0) ( when the composition falls on the straight line of A 

- F, w is within the area of 0.3 $ w < 1.0) in the three 

component phas~ diagram defined by the apexes corresponding 
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8. A dielectric ceramic composition according to 

Claim 1 to Claim 6, wherein said second ~ide component, when 

its composition is represented by xSi02-yTi02-zXO (wherei~ 

x, y and z represent mol%), falls within or on the boundary 

lines of the area surrounded by straight lines connecting 

each point indicated by A (x = 85, y = 1, z = 14), B (x = 
35, y = 51, z = 14), c (x = 30, y = 20, z = 50) and D (x = 
39, y = 1, z = 60) in the three component phase diagram 

defines by the apexes corresponding to each component. 

9. A dielectric ceramic composition according to 

Claim 8, wherein the second side component contains in total 

of 15 parts by weight or less of at least one of Al203 and 

zro2 (the content of Zr02 is 5 parts by weight or less) 

relative to 100 parts by weight of the oxide represented by 

Si02-Ti02-XO. 

10. A monolithic ceramic capacitor provided with a 

plurality of dielectric ceramic layers, inner electrodes 

formed between said ceramic layers and outer electrodes 

being eiectrically connected to said inner electrodes, 

wherein· said dielectric ceramic layers are constructed by 

·:I 
.ii 

----------·----
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the dielectric ceramic composition according to any one of 

Claim 1 to Claim 6 and said inner electrodes are constructed 

by nickel or a nickel alloy. 

11°. A monolithic ceramic capacitor according to 

Claim 10, wherein the outer electrode is provided with a 

sintered layer of an electroconductive metal powder or an 

electroconductive metal powder supplemented with glass 

frits. 

12. A monolithic ceramic capacitor according to 

Claim 10, wherein the outer electrode is provided with a 

first layer comprising a sintered layer of the 

electroconductive metal powder or the electroconductive 

metal powder supplemented with glass frits and a second 

layer comprising a plating layer thereon. 

13. A monolithic ceramic capacitor according to 

Claim 11, wherein the outer electrode is provided with a 

first layer comprising a sintered layer of the 

electroconductive metal powder or the electroconductive 

metal powder supplemented with glass frits and a second 

layer comprising a plating layer thereon. 
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