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(57) ABSTRACT 

Powders of BaCO, TiO, ZnO, etc. are mixed to each other 
at a predetermined ratio of quantity, calcined in an atmo 
spheric air at it'-120C., and pulverized to obtain a calcined 
powder having an average grain size from 1 to 3 u m, 0.1 to 
20 parts-by weight of a powder having an average grain size 
from 0.1 to 1.5 um comprising a glass having a transition 
point of not higher than 450° C. obtained by mixing powders 
of PbO, SiO2, NaO, etc. to each other, melting and then 
pouring into water and pulverizing the thus obtained glass is 
admixed to the calcined powder. The mixture is dried, 
pelleted by adding a resin and the pellet powder is molded 
into a cylindrical shape, applied with CIP (Cold isotartic 
press), and the molding product after the treatment is sin 
tered in an atmospheric air at 850 to 1000 C. to obtain a 
dielectric ceramic sintered at low temperature. 

The resultant dielectric ceramic has high denseness and high 
unloaded Q value while maintaining tf within a practical 
range. 

17 Claims, No Drawings 
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COMPOSITION FOR PRODUCING LOW 
SINTERING TEMPERATURE CERAMC 

DELECTRICS AND METHOD OF 
MANUFACTURING SUCH DELECTRICS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 
Field of the invention 
The present invention is directed to a composition for 

producing a ceramic dielectric and a method of making a 
ceramic dielectric from such a composition, wherein the 
composition can be sintered at a low temperature, has a high 
nonloaded Q value (hereinafter referred to as Q value) in a 
microwave bandwidth region, and is capable of being sin 
tered simultaneously with a high conductivity conductor, 
such as silver or copper. The composition sintered at a lower 
temperature according to the present invention can be used, 
for example, in the production of ceramic dielectrics used in 
the construction of multilayer microwave resonators and 
filters. 

Description of the Prior Art 
The increase in the magnitude of communication infor 

mation transmitted in recent years has promoted the rapid 
development of various communication system utilizing 
microwave bandwidth regions, such as cellular telephones, 
satellite communication and satellite broadcasting, as well 
as the development of various microwave dielectric mate 
rials to accommodate the industry's needs. The ceramic 
dielectrics used in the microwave bandwidth region exhibit 
characteristics that the O value tends to reduce as the 
working frequency is increased. They are, furthermore, 
required to have the following characteristics: 

(1) a high Q value in the microwave bandwidth region, 
(2) a high specific dielectric constant (er), and 
(3) a small absolute value for the temperature coefficient 

(f) of the resonancy frequency, 
Various kinds of compositions having the foregoing char 

acteristics have been developed. Known compositions hav 
ing a high Qvalue include, for example, Ba(MgTaza)O3 
and Ba (ZnTa2)O3. Known compositions having a high 
specific dielectric constant include, for example, a 
Bao.TiOREO (in which RE represents a rare earth 
element), each of which is used as a resonator, a filter, or the 
like. 

It has been recently proposed to employ a multilayer type 
dielectric resonator or filter using a conductor as an internal 
electrode to create multilayer ceramic materials utilized in a 
high frequency bandwidth region, such as a microwave, 
since it is necessary to form a high conductivity metallic 
conductor onto the surface of the composition. This is 
accomplished by sintering the conductor between ceramic 
layers. Noble metals, such as platinum or palladium, which 
are expensive but resistant to high temperature, are 
employed in the production of existing ceramic dielectrics in 
which the sintering temperature exceeds 1000 C., thus 
resulting in increased production costs. It is extremely 
advantageous if a composition is sinterable at a low 
temperature, for example, about, 900 C. This reduces the 
production costs since an inexpensive metal material, such 
as silver or copper, can be used as the conductor. 
Accordingly, the industry has demanded the development of 
a ceramic dielectric produced by a composition that can be 
sintered at a temperature of about 900 C. 
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2 
Generally, sintering compositions at low temperatures 

involves such methods as: (a) adding glass frit as a sintering 
aid; (b) utilizing finely atomized submicron size starting 
materials; or (c) utilizing a chemical process, such as the 
sol-gel method. However, since the usual compositions have 
low reactivity with glass, they suffer from the added diffi 
culty of forming compositions at high densities creating the 
additional problem of drastically reducing the Q value. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome the 
foregoing problems and provide a ceramic dielectric created 
by sintering a composition at a low temperature of about 
900 C. Therefore, the compositions can be simultaneously 
sintered with a high conductivity conductor, such as silver or 
copper, to produce a ceramic dielectric having a high Q 
value in the microwave bandwidth and a small temperature 
coefficient of resonance frequency. A reduction in produc 
tion costs is realized. 
The foregoing object can be attained in accordance with 

the first aspect of the present invention by providing a 
ceramic dielectric by sintering a composition at a low 
temperature, when the composition comprises of a calcined 
powder, which contains from 0.1 to 20 parts by weight of 
ZaO, from 0.1 to 10 parts by weight of TaOs and from 0.1 
to 1 parts by weight of MnO, based on 100 parts by weight 
of a composition represented by: BaO.xTiO (in which 
3.0sxs5.7). 0.1 to 20 parts by weight of a glass powder 
(based on 100 parts by weight of the calcined powder), 
having a transition point of lower than 450 C., are added to 
the calcined powder and then sintered. 

In accordance with a second aspect of the present inven 
tion the calcined powder comprises of at least one of the 
following: less than 1 part by weight of WO, not more than 
15 parts by weight of SnO, not more than 15 parts by 
weight of MgO, not more than 10 parts by weight of SrO, 
and not more than 5 parts by weight of ZrO in combination 
with Ba0.xTiO, based on 100 parts by weight of the 
composition represented by BaO.xTiO (in which 3.0s x 
s5.7). 

Furthermore, according to the present invention, the prod 
uct of the Q value and the resonance frequency of the 
composition may not be less than 2000 GHz. 

Also, a ceramic dielectric can be obtained in accordance 
with a third aspect of the present invention by a process 
comprising the steps of combining starting materials to form 
a composition containing from 0.1 to 20 parts by weight of 
ZnO from 0.1 to 10 parts by weight of TaC) and from 0.1 
to 1 parts by weight of MnO, based on 100 parts by weight 
of a composition represented by: BaO.xTiO(in which 
3.0s xs 5.7), calcining the composition of a temperature 
from 900 to 1200° C. to prepare the calcination product, 
then pulverizing the calcination product, admixing 0.1 to 20 
parts by weight of a glass powder having a transition point 
of not higher then 450 C., to 100 parts by weight of the 
resultant calcinated powder, molding the mixture into a 
predetermined shape and then sintering the same at a tem 
perature from 850 C. to 1000 C. 

Moreover, a ceramic dielectric can be attained in accor 
dance with a fourth aspect of the present invention by a 
process, wherein the composition is further blended with at 
least one of the following: less than 1 part by weight of 
WO, not more than 15 parts by weight of Suo, not more 
than 15 parts by weight of MgO, not more than 10 parts by 
weight of SrO and not more than 5 parts by weight of ZrO. 
as the starting material(s), based on 100 parts by weight of 
a composition represented by: BaO.xTiO, (in which 3,0s x 
s5.7). 
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The composition according to the present invention has a 
high Q valuc in a microwavc bandwidth region, a small 
temperature coefficient of resonance frequency, and as 
extremely high density (low water absorption). According to 
thc proccss stcps for producing thc ccramic diclicctric 
according to the present invention, a composition having 
both excellent density and dielectric characteristics can also 
be produced. This is accomplished by adding a specified 
amount of glass, having a predetermined transition point, to 
a specific ceramic raw material composition, formulated to 
cffectuatic sintcring at a relatively low cmpcraturc, 
Therefore, a composition excellent both in density and 
dielectric characteristics can be obtained, thereby promoting 
sintering at a lower temperature without being problematic, 
even in the case where the total amount of the glass powder 
used is small, by using a glass powder containing a prede 
termined total amount of PbO or a predetermined amount of 
PbO and RO (R represents an alkali metal element) and 
further using a calcined powder and a glass powder each of 
a predetermined average grain size. 

DETAILE) DESCRIPTION OF THE 
INVENTION 

Applicants have made various studies of BaO.xTIO 
compositions capable of being sintered at a low temperature 
to obtain a composition having a high Q value while 
maintaining t? within a practical characteristic range. The 
present invention, which is premised on this discovery, has 
overcome the reduction in the density of the sintering 
composition caused by the addition of the glass by adding a 
small amount of a specific glass powder having a predeler 
mined transition point, which overcomes the reduction in the 
density of thc composition, to thc calcincci powder 
composition, containing a spccific amount of a predeter 
mined metal oxide of the Ba.TiO system, to the composi 
tion and then sintering them. 

In the composition represented by BaO.xTiO, x is pref 
erably within a range from 3.0 to 5.5, and ideally from 3.5 
to 4.5. If x is less than 3.0 or more than 5.7, the Q value of 
the composition is lowered. Furthermore, ZnO and TaO. 
are added to enable sintering at a low temperature even if the 
total amount of blending glass is small. If the total amount 
of ZnO or TaO is less than 0.1 parts by weight, low 
temperature sintering is difficult. If ZnO exceeds 20 parts by 
weight or TaO. cxcccds 10 parts by weight, thc Q value is 
lowercd. The total amount of ZnO is preferably within a 
range of 1 to 12 parts by weight, and ideally within a range 
of 1 to 10 parts by weight, while the total amount of Ta2O. 
is preferably within a range of 0.3 to 8 parts by weight, and 
ideally with a range of 0.3 to 5 parts by weight. If the total 
amounts for both ZnO and Taos are within the abovemen 
tioned preferred ranges, sintering can be attained easily at a 
low temperature without lowering the Qvalue. Additionally, 
MnO, can be added to the composition to further improve 
sinterability. If MaC) is less than 0.1 parts by weight the 
density is insufficient, whereas the Q value and er are 
reduced if it exceeds 1 part by weight. If the total amount of 
MnO is within a range of 0.1 to 0.8 parts by weight, and 
ideally within a range of 0.2 to 0.5 parts by weight, a 
composition of high density can be obtained without low 
ering the dielectric characteristic. 

In a second aspect of the present invention, at least one of 
the oxides (WO, SnO, MgO, SrO and ZrO) other than 
(ZrO, Taos; and MnO) may optionally be added. WO is 
added for improving the Q value and, if the total amount 
exceeds 1 part by weight, the Q value is lowered somewhat. 
SnO is addicd for shifting thc value of f to thc negative 

sidc and, if the total amount cxcccds 15 parts by weight, the 
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4 
Q value and cr are markedly lowered. The total amount of 
WO, is prcfcrably within a rangc of 0.5 to 1 part by weight 
and the total amount of SnO2 is preferably within a range of 
l to 12 parts by weight and, ideally within a range of 3 to 
10 parts by weight. If thc total amounts of thc oxidics are 
within the preferred ranges, a composition having excellent 
performance characteristics, e.g., a high Q and er value, can 
be obtained. 
MgO is added for controlling the value of t?. Its addition 

decreases the absolute value of t?. If the total amount of 
MgO exceeds 15 parts by weight, the Q value and er are 
greatly lowered, SrO is added to increase Er and if the total 
amount exceeds 10 parts by weight, the Qvalue is lowered 
and uf is out of a practical range. Furthermore, ZrO is added 
for shifting t? negatively and if the total amount exceeds 5 
parts by weight the Qvalue is lowered. To attain a dielectric 
ceramic having a high Q value and er and a practical value 
fort?, the total amount of MgO should preferably be within 
a range of 1 to 10 parts by weight, and ideally within a range 
of 3 to 8 parts by weight. The total amount of SrO is 
preferably within a range of 0.5 to 10 parts by weight, and 
ideally within a range of a 1 to 5 parts by weight. The total 
amount of ZrO2 is preferably within a range from 0.5 to 4 
parts by weight, and ideally within a range of 1 to 3 parts by 
weight. 

Glass is added for obtaining a dense sintering composition 
is low temperature sintering and if the transition point 
exceeds 450 C., a sufficiently dense sintering product 
cannot be obtained, particularly, if the added total amount is 
relatively small. If the total, amount added is less than 0.1 
parts by weight, in spite of the fact that the transition point 
of thc glass cmploycd is not highcrthan 450 C., it is difficult 
to increase the density of the composition for low tempera 
ture sintering. On the other hand, if the total amount added 
exceeds 20 parts by eight, the Q-value is lowered 
remarkably, degrading the performance to such an extent 
that is virtually impossible to make measurements of the 
dielectric characteristics is a microwave bandwidth region. 
To obtain a composition with a sufficiently high density 
without reduction of the Q value and while maintaining 
excellent dielectric characteristics, the glass transition point 
is preferably within a range of 350 to 450 C., and ideally 
within a range of 370' to 430 C. The total amount of glass 
added is preferably within a range of 3 to 20 parts by weight, 
and ideally within a range of 5 to 15 parts by weight. 

In a fifth aspect of the present invention, glass containing 
5 to 60 mol% of PbO, based on the total amount of the glass, 
is added to further promote sintering of the composition at 
a low temperature. If the total amount of PbO is less than 5 
mol %, the effect of promoting sintering is low, whereas the 
Q value of the resultant composition is lowered if it exceeds 
60 mol%. The total amount of PbO is preferably within a 
range of 5 to 60 mol %, and ideally within a range of 10 to 
50 no 9. 

In a sixth aspcct of thc prcs.cnt invention, glass ideally 
containing 0.01 to 5 mol% of an alkali metal element oxide 
in addition to PbO is added to further improve sinterability 
and promote sinlering all a low temperature even if the 
additional amount of glass is relatively small. If the amount 
of alkali metal oxide added is less than 0.01 mol %, the 
sintering promotion effect is small, whereas the Q value is 
lowered if the amount exceeds 5 mol%. The total amount of 
the oxide of the alkali metal element is preferably within a 
range of 0.01 to 5 mol %, and ideally within a range of 0.1 
to 3 mol %. 

In scv.cnth to ninth aspccts of the prescnt invention, the 
average grain sizes of thc calcincd powder and the glass 
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powder greatly influence the density of the sintering prod 
uct. If the average grain sizc of the calcined powder is out 
of the range of 1 to 3 m, the density of the resultant 
sintering product is undesirably lowered. It is not preferable 
for thc average grain size of the glass powder to be outsidc 
of the range of 0.1 to 1.5 um and particularly less than 0.1 
Aum, since uniform dispersion and mixing with the calcined 
powder is difficult. If the average grain size of the glass 
powder exceeds 1.5 pum, densification of the composition is 
undesirably insufficient. In a seventh aspect of the invention, 
the average grain size of the calcined powder should be 
within a range of 1 to 7 un, preferably within a range of 1 
to 4 fum, and ideally within a range of 1.5 to 2.5 fum. In an 
eighth aspect of the invention, the average grain size of the 
glass powder should be within a range of 0.2 to 7 am, 
preferably within a range of 0.2 to 4 un, and ideally within 
a range of 0.5 to 1.5 fum. Also, in a ninth aspect of the 
invention, the average grain size of the glass powder is 
preferably smaller than the average grain size of the calcined 
powder, and preferably within a range of 0.1 to 3 pm, and 
idcally within a range of 0.3 to 2pm. By cmploying calcincod 
and the glass powders having grain sizes within the forego 
ing ranges the powders can be easily dispersed and mixed 
homogenously and a composition of high density can be 
obtained. 

In the tenth aspect of the present invention, if the calci 
nation temperature is lower than 900 C, the Q value is 
reduced, whereas if it exceeds 1200 C., tR increases to a 
positive region and is outside a practical range. The calci 
nation temperature is preferably within a range of about 
900 to 1200° C. The calcination time is preferably within 
thc range of about 2 to 10 hours, and ideally within a range 
of about 4 to 8 hours, although no particular restriction is 
implied. If the sintering temperature is lower than 850° C., 
densifying is difficult, whereas if the sintering temperature 
exceeds 1000 C., the Q value is reduced and tf is outside 
of a practical range. In addition, simultaneously sintering 
with a conductor material such as silver or copper becomes 
difficult. A preferable range for the sintering temperature is 
850 to 950 C. A dielectric ceramic material sintered at a 
low temperature having a high Q value and a small t? and 
of high density can be obtained within this temperature 
range. Although there is no particular restrictions for the 
sintering time, it is preferably about 30 min to 5 hours, and 
ideally about 1 to 3 hours. 

In the present invention, a composition sinterable at a low 
temperature with minimal degradation of the dielectric 
characteristic, having a high density and excellent dielectric 
characteristics can be obtained by adding a small amount of 
a specific glass ingredient having a low transition point to a 
calcined powder of the Ba0.TiO composition, 

Also, if the reactivity with the ceramic raw material is not 
sufficient by the use of low transition point glass only, glass 
containing a predictcrmined amount of PbO may bc used. 
Additionally, is the present invention, glass also containing 
an oxide of an alkali metal element together, which is 
usually considered undesirable because of reduction of the Q 
value, may be used, whereby the sinterability at a low 
temperature can be improved further by a smaller amount of 
such glass. The reduction in the dielectric characteristic is 
lessened since the amount of the particular glass used is 
small. 
The reader's attention is specifically directed to the reac 

tion between the ceramic raw material and glass in the 
present invention, when the calcined powder is sintered with 
the addition of thc glass powder, The calcincd powdcr and 
a liqueficd glass react to form a liquid reaction product 
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promoting sintering. Particularly, in the case of using glass 
containing PbO, consideration is given to the fact that the 
viscosity of the molten glass is reduced sufficiently at a 
sintering temperature of about 900 C., and sintering pro 
cccds by chemical reaction with thc calcinct powder 
ingredient, thereby enabling densification at a low tempera 
ture of about 900 C. 

The crystal phase of the composition obtained with the 
addition of glass is different from that obtained without the 
addition of glass. Furthermore, it is taken into consideration 
that the combination of the ceramic raw material of BaO 
TiO, and the glass of PbO-alkali metal element oxide 
provides a remarkable sintering promotion effect because 
both materials have a high reactivity to each other and forms 
a specific eutectic liquid composition between them. 

EXAMPLES 

The present invention will now be described with refer 
ence to the following specific examples. 

(1) Preparation of calcined powder 

Each of the powders comprised of BaCO, TiO, ZnO, 
Ta2O, MnO, WO, SnO, MgO, SrO and ZrO is formu 
lated such that the resultant calcined powder forms 
compositions, as shown in Table 1, is then pulverized and 
dry mixed. The resultant product mixture is calcined in an 
atmospheric air at a temperature of 1000 C. for 6 hours. 
After wet-pulverizing the calcined products, they are dried 
to obtain a calcined powder with an average grain size of 
about 2 fum. In Table 1, thc symbol " indicates that the 
resultant values are outside the scope of thc invention, 
(2) Preparation of glass powder 

Each of the powders comprised of PbO. SiO, HBO, 
ZnO, CaO, BiO, AIO and NaO is formulated such that 
the resultant glass powder forms compositions, as shown in 
Table 2, are mixed and then melted at a temperature of 1100 
C., for 2 hours and then poured into water to form a glass. 
After wet-pulverizing the glass, they are dried to obtain a 
glass powder having an average grain size of about 1 fum. 

(3) Preparation of composition sinterable at a lower tem 
perature 

(a) Examples 1-30 and Comparative Examples 1-16 

The thus obtaincol calcined powder (average grain sizc: 2 
pam) and the glass powder (average grain size: 1 cm) are 
mixed in ethanol in combinations and ratios as shown in 
Tables 3-5, dried and then formed into a pellet with the 
addition of a resin (polyvinyl alcohol, 5 parts by weight to 
100 parts by weight of the calcined powder and the glass 
powder). Each powder pellet is molded under a pressure of 
800 kg/cm into a cylindrical shape having a diameter at the 
bottom of 25 mm and a height of 15 mm. Subscquently, CIP 
(Cold Isolactic Press) is applied under a pressure of 1500 
Kg/cm to the molded product after the composition is 
sintered in atmospheric air at a temperature of 900 C. for 2 
hours. 
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TABLE 1. 

Composition for calcined powder 

Additive (parts by weight based on 
x value of 100 parts of BaO-xTO 

No. Ba0-xTiO, ZnO TaO, MnO WO. SnO, MgO SrO ZrO. 
1. 3.0 12.0 5.0 0.2 - 5.0 - - 1.0 
2 3.S 15.0 6.0 0.2 - - m 3.0 

3 4.0 5.0 5.0 0.3 10.0 - m --- 
4. 4.0 10.0 8.0 0.2 -- --- - m --- 

5 4.0 12.0 4.0 0.2 0.8 - - --- - 

6 4.3 50 2.0 0.2 - 5.) r 
7 4.3 70 8.0 0.2 3.0 - m w 

8 4.S 4.0 2.0 0.2 - - - -- 3.0 

9 4.5 5.0 4.0 0.2 -- --- - 2.0 -- 

10 5.5 .5 0.5 O.2 - 3.0 - - - 

11 s2.7 15.0 6.0 O.2 - - - m 3.0 

12 4.0 10.0 8.) r1.3 --- - - n 

13 4.0 12.0 4.) 0.2 *1.5 - - --- - 

14 4.O 120 12.0 O.2 O,8 - - m --- 

15 4.0 *25.0 4.0 0.2 0.8 --- - --- - 

16 4.3 50 2.0 0.2 - --- 18.0 - - 

17 4.3 7.0 8.0 0.2 -- "170 - m - 
18 4.S 40 2.0 0.2 -- -- - m *6.0 

19 4.5 5.0 4.0 0.2 w w- - 2. -- 

20 5.8 15 0.5 0.2 r 3.) -- r --- 

TABLE 2. 

Glass powder composition 

Glass ingredient (mol%) Transition point 

No. PbO SiO, BO, ZnO CaO BiO AlO NaO (° C) 
50 30 20 - -- --- 40 

2 50 O 30 - --- al- ---- - 396 

3 40 40 20 - m - --- --- 429 

4 30 50 20 - - --- - 448 

5 50 2O 20 10 m -- --- - 413 

6 40 15 30 15 - --- - - 403 

7 40 30 20 10 r -- - - 435 

8 30 20 30 2O - - -- - 408 

9 50 30 18 - um - - 2 387 

10 45 25 35 14 - - 1. 413 
11 35 30 20 12 m --- - 3 398 

12 - 10 35 50 5 - - *505 
3 m --- 20 - 50 30 - -- 456 

14 m -- 35 --- 40 DO 25 - *588 

TABLE 3 TABLE 3-continued 
50 

Examples Examples 

Quantity Quantity 
ratio Water ratio Water 

Ex- Cal- of powder ab- 55 Ex- Cal- of powder ab 

am- cined Cal- sorp- am- cined Call- sorp 
ple pow- Glass cined tion Qx f (ppm ple pow- Glass cined tion Qx f (ppm 
No. der powder product glass (%) t, (GHz) C.) No. der powder product glass (%) t, (GHz) C.) 

1 1. 90 10 <0. 34 2360 +14 60 9 9 1 90 1. 0.1 45 23.80 +14 
2 2 2 90 10 <0.1 36 2730 -18 10 10 2 90 10 <0.1 29 2690 -12 
3. 3 3 90 10 <0. 32 2430 +5 11 1 S 90 10 <0.1 33 2250 +17 
4 4. 4 90 10 0. 34 3250 +1 2 2 6 90 10 (0.1 35 2530 +12 
5 5 90 10 <0.1 3. 3420 +10 13 3 7 90 O <0.1 32 2580 +11 
6 6 2 90 10 CO.1 32 25.30 -15 14 4 8 90 10 <0.1 33 3060 +13 
7 7 3 90 10 0.1 34 3340 -8 65 5 5 5 90 100 &0.1 30 3370 --7 
8 8 4. 90 10 0, 32 2950 -8 
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After polishing the composition obtained as described 
TABLE 4 above, the specific dielectric constant, the Q value and the 
Exampl temperature coefficient of resonance frequency (if, tempera 
EPICS ture range: 25'-80 C.) are measured at a measuring fre 

Quantity 5 quency of 1 to 5 GHz. by a parallel conductor plate type 
ratio Water dielectric resonator method. Products with large dielectric 

Ex- Cal- of powder ab- losses and not producing resonance waveforms are indicated 
am- cined Cal- sorp- t with an "" as detectable but measurement unable to be 
ple pow- Glass cined tion Qx f (ppm, 10 accurately recorded in each of the tables. Additionally, water 
No. der powder product glass (%) , (GHz) C) absorption of the compositions was measured in accordance 
6 6 8 90 10 a.o. 32. 2620 - 1 with JIS C2141. 

17 7 90 10 aO. 33 338 - 5 Table 3 shows the results of Examples 1-15, Table 4 
8 8 8 90 10 O.1 32. 31.30 -6 shows the results of Examples 16-30, and Table 5 shows the 
19 9 6 90 10 <0.1 43 2420 +18 5 Examp y 
2O 10 7 90 10 O. 27 258) 9 results of Comparative Examples 1-16. In Tables 3-5 and 

9 95 5 O. 30 280 -10 Tables 6-7 (described later) evaluation of the Q value is 
22 2 10 95 5 O. 32 300. 9 indicated by (Qxf). "f is the measuring frequency for the 
23 3 11 95 5 a. 31, 290 +8 dielectric characteristic, which fluctuates somewhat on 
24 4 9 95 5 O. 32 362 -8 for th lue. The dielectric loss i 25 5 10 95 5 -0.1 28 3760 -12 20 very measurement Ior the O value. The dielectric loss is 
2s 6 95 5 0.1 29 2890 -14 indicated more precisely by the form of the product. 
27 7 9 O. 30 According to the results shown in Tables 3-4, it can be 

g 5 : is seen that when the water absorption is less than 0.1%, the 
30 10 s 5 <0.1 26 2950 -10 as value (Qxf) is 2250 GHz at its least and the temperature 

coefficient of the resonance frequency is +18 ppm/°C. at its 
greatest. It can also be seen that compositions having 

TABLE 5 extremely high densities and excellent dielectric character 
istics can be obtained in each of Examples 1-30. In 

- Comparative Examples - 30 Examples 21-30, glass powder containing an oxide of an 
Quantity alkali metal element (NaO) is used, in which a composition 

ratio Water of the same excellent performance can be obtained, although 
Com- Cal- of powder - ab" the quantity used is reduced to 5 parts by weight which is 
par- cined Cal- sorp- t one-half of Examples 1-20, to demonstrate thic effects of the 
ative pow- Glass cined tion Qx f (ppm, 35 oxide of the alkali metal element in the glass, 
No. der powder product glass (%) t, (GHz) C.) 

11 3 90 10 :0.1 44 600 --12 TABLE 6 
2 12 8 90 O <0. Measurement 

impossible Examples 31-33 or Comparative Examples 17-20 
3 13 90 10 k0. 40 
4 14 2 O 1 0.1 2 430 -12 Ex- Quantity 
5 15 11 90 10 k0, 35 1260 -9 ratic Water 
S 16 3 90 10 0, 30 930 -25 No. Cal- of powder - ab 
7 17 9 90 O <0. Measurement 

impossible and cined Cal sorp 
8 18 7 90 10 co, Com. pow- Glass cined tion Qx f (ppm, 
5 1s 4 on 10 -0.1 32 1320 -23 No. der powder product glass (%) , (GHz) C) 

1D 20 O 90 10 O.1 28 880 -19 
11 2 2 90 O 2O Measurement 31 2. 9 95 S O.1 35 380 -8 

impossible 32 a. 5 8O 20 0.1 29, 190 -18 
1. 2 12 8 20 2 33 2. 92 8 s.1 a6 3430 -9 
13 2 3 9. O 17 2. up- 10 40 25 Measurement 
14 5 3 8 2O 8 5 impossible 
15 5 14 90 O. 34 18 2 9 75 25 0,1 
16 S 4 8O 20 21 9 a. s TO 30 0,1 

2O 7 2. 8 40 c.1 

TABLE 7 

Examples 

Calcined powder Glass powder Water 

Example Calcined Glass Quantity Grain Quantity Grain absorption Oxf 
N. powder powder ratio size ratio size (%) (GHz) (ppm/°C) 

34 2 90 1.2 O 0.7 O. 35 262O 4-11 
35 s f 90 2.7 1. a0.1 3: 3410 9 
36 9 10 90 2.3 10 1.4 a0. a3 23SO +12 
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TABLE 7-continued 

12 

Examples 

Calcined powder - Glass powder Water 

Example Calcined Glass Quantity Grain Quantity Grain absorption Qxf t 
No. powder powder ratio size ratio size (%) T, (GHz) (ppm/°C.) 

37 2 1 90 0.6 10 1.7 2 33 246) +15 
38 5 7 90 2.3 10 5.2 3 29 3160 +8 
39 9 10 90 4.8 10 5.5 5 39 2280 +1.6 

On the other hand, it is apparent from the results in Table 5 
that when the water absorption is less than 0.1% the density 
is sufficiently high, but the dielectric characteristic is so poor 
as to make the measurements impossible, in each of the 
comparative examples in which the total amounts of MnO, 
WO, SnO or ZrO exceeds its respective upper limit. The 
measurements are impossible to make in each of the 
examples in which the value x is outside of their respective 
upper and lower limits, in each of the comparative examples 
in which the total amounts of ZnO, TaC), MgO or SrC) 
exceed its respective upper limit. Although the density is 
high and the dielectric characteristic can be measured, the 
value (Qxf) is greatly degraded at 1430 GHz compared with 
each of the other to examples. Furthermore, in each of the 
examples in which a glass having a transition point higher 
than 450 C., is used, the dielectric characteristic is so poor 
as to make measurements impossible, even though the water 
absorption is as high as 8 to 34%, causing the density to be 
extremely low. The water absorption is increased as the glass 
transition point increases which tends to degrade the density 
further. 
(b) Examples 31-33 and Comparative Examples 17–20 

Compositions are prepared in the combinations selected 
from the calcined powder depicted in Table 1 and the glass 
powder depicted in Table 2 by the same method previously 
described with respect to Tables 1 and 2. The quantity ratios 
of the compositions are changed from those in each of the 
examples and comparative examples. The water absorption 
and the dielectric characteristics are measured by the pre 
vious described method. Table 6 displays numbers depicting 
the composition of the calcined powder and the composition 
of the glass powder, the ratios of the quantities in them and 
the result of measurements for the water absorption and the 
dielectric characteristics. In Table 6, a symbol "" indicates 
that the value is outside of the scope of the invention. 
The results of Table 6 disclose that compositions, excel 

lent both in density and dielectric characteristic, can be 
obtained with a ratio of the glass powder of 5 to 20 parts by 
weight in relation to the 100 parts by weight of the calcined 
powder. The glass in Example 31 contains the oxide of the 
alkali metal element which is considered to contribute to the 
effect. As the ratio of the quantity of the glass powder is 
reduced, both (Qxf) and uf tend to improve. On the other 
hand, as is apparent from Comparative Example 17, that 
without the addition- of glass powder the resultant compo 
sition is extremely poor, both in its density and its dielectric 
characteristic, as well as are the combinations represented by 
Comparative Examples 18-20 employing glass powder of 
more than 25 parts by weight, whereby the dielectric char 
acteristic is so poor as to be detectable but measurement is 
impossible, although the density is excellent. 
(c) Examples 34-39 

Compositions are prepared in combinations selected from 
the calcined powder in Table 1 and glass powder in Table 2 

20 
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by the same method previously described in creating Tables 
1 and 2, while varying the average grain size of each powder. 
The water absorption and the dielectric characteristic are 
measured utilizing the same methods as before. Table 7 
displays composition amounts of the calcined powder and 
the compositions of the glass powder, the ratios between 
them, the particle size and the measurement results for the 
water absorption and the dielectric characteristics. 

Table 7 reveals that compositions excellent both in den 
sity and dielectric characteristics can be obtained in 
Examples 34-36 in which each of the average grain sizes of 
the calcined powder and the glass powder is within the range 
defined by the seventh through ninth aspects of the present 
invention. However, in Examples 37-39, in which the grain 
size is outside the range of the invention, there is no 
particular problem with the dielectric characteristic, but the 
water absorption is between 2 to 5% and the density is 
somewhat poor. It can be seen particularly that as the 
particular size for both of the powders is increased the water 
absorption increases accordingly. The compositions are still 
within a range capable of practical use. This is demonstrated 
by the somewhat poor results achieved by the particular 
combination ratios employed by the seventh through ninth 
aspects of the inventions. 
What is claimed is: 
1. A ceramic dielectric prepared by low temperature 

sintering of a mixture comprising: 
a calcined powder comprising a BaO.xTiO compound, 

wherein 3.0sxs5.7, from 0.1 to 20 parts by weight of 
ZnO per 100 parts by weight of the BaO.xTiO, 
compound, from 0.1 to 10 parts by weight of Taos per 
100 parts by weight of the BaO.xTiO compound, and 
from 0.1 to 1 parts by weight of MnO, per 100 parts 
by weight of the BaO.xTiO2 compound; and 

from 0.1 to 20 parts by weight of a glass powder per 100 
parts by weight of the calcined powder, wherein the 
glass powder has a transition point less than or equal to 
450° C. 

2. The ceramic dielectric of claim 1, wherein the calcined 
powder further includes at least one of: 

less than 1 part by weight of WO per 100 parts by weight 
of the BaO.xTiO compound; 

not more than 15 parts by weight of Saoper 100 parts by 
weight of the BaO.xTO compound; 

not more than 15 parts by weight of MgO per 100 parts 
by weight of the BaO.xTiO, compound; 

not more than 10 parts by weight of SrO per 100 parts by 
weight of the BaO.xTiO compound; and 

not more than 5 parts by weight of ZrO per 100 parts by 
weight of the BaO.xTiO2 compound. 

3. The ceramic dielectric of claim 1 or 2, wherein the 
composition has a water absorption of not more than 0.5%, 
and wherein a product of an unloaded Q value and a 
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resonance frequency of the composition is not less than 2000 
GHz as measured using a parallel conductor plate type 
dielectric resonator method at a measuring frequency of 1-5 
GHz. 

4. A composition as defined in claim 3, wherein the water 
absorption of the composition is less than 0.1%. 

5. A ceramic dielectric of claim 3, wherein the product of 
the unloaded Q value and the resonance frequency of the 
composition is not less than 3000 GHz. 

6. The ceramic dielectric of claim 4, wherein the product 
of the unloaded Qvalue and the resonance frequency of the 
composition is not less than 3000 GHz. 

7. A method of manufacturing a ceramic dielectric com 
prising the steps of: 

calcining a composition at 900 to 1200 C. to provide a 
calcined product, the composition comprising a Ba0.X- 
TiO, (3,0sxs 5.7) compound, from 0.1 to 20 parts by 
weight of ZnO per 100 parts by weight of the BaO.x- 
TiO, compound, from 0.1 to 10 parts by weight of 
TaO per 100 parts by weight of the BaOxTiO2 
compound, and from 0.1 to 1 parts by weight of Mao 
per 100 parts by weight of the BaO.xTiO, compound; 

pulverizing the calcined product; 
mixing 1.0 to 20 parts by weight of a glass powder per 100 

parts by weight of the pulverized calcined product with 
the pulverized calcined product, the glass powder hav 
ing a transition point less than or equal to 450° C.; 

molding the pulverized calcined product mixed with the 
glass powder; and 

sintering the molded pulverized calcined product mixed 
with the glass powder at 850 to 1000 C. 

8. A method of 7, further comprising the step of blending 
with the composition at least one of: 

not more than 1 part by weight of WO per 100 parts by 
weight of the BaO.xTiO compound; 

not more than 15 parts by weight of SnO2 per 100 parts 
by weight of the BaO.xTiO2 compound; 

not more than 15 parts by weight of MgO per 100 parts 
by weight of the BaO.xTiO2 compound; 

not more than 10 parts by weight of Sr0 per 100 parts by 
weight of the BaO.xTiO2 compound; and not more than 
5 parts by weight of ZrO per 100 parts by weight of the 
BaO.xTiO compound, 

9. A method of claim 7 or 8 wherein the glass powder 
further includes 5 to 60 mol% of PbO per 100 mol% of the 
glass powder. 

10. A method of claim 7 or 8, wherein the glass powder 
further includes 5 to 60 mol % of PbO and 0.01 to 5 mol % 
of RO per 100 mol % of the glass powder, which R 
represents an alkali metal. 

11. A method of claim 7 or 8, wherein an average grain 
size of the pulverized calcined product is from 1 to 3 um, and 
wherein an average grain size of the glass powder is from 0.1 
to 1.5 um and is less than the average grain size of the 
pulverized calcined product. 
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12. A method of claim 9, wherein an average grain size of 

the pulverized calcined powder is from 1 to 3 pum, and 
wherein an average grain size of the glass powder is from 0.1 
to 1.5 pum and is less than the average grain size of pulver 
ized calcined product. 

13. A method of claim 10, wherein an average grain size 
of the pulverized calcined product is from 1 to 3 um, and 
wherein an average grain size of the glass powder is from 0.1 
to 1.5 um and is less than the average grain size of pulver 
ized calcined product. 

14. A ceramic dielectric prepared by low temperature 
sintering of a mixture comprising: 
a calcined powder including a BaOxTiO, base compound 

(3.0srs5.7), ZnO, Ta-Os and MnO, and 
a glass powder, wherein the glass powder has a transition 

point less than or equal to 450° C. and 
wherein the product of an unloaded Q value and a 

resonance frequency of the dielectric (Oxf) is not less 
than 2000 GHz as measured using a parallel conductor 
plate type dielectric resonator method at a measuring 
frequency of 1-5 GHz. 

15. The ceramic dielectric of claim 14, wherein the 
product of an unloaded Qvalue and a resonance frequency 
of dielectric (Oxf) is not less than 3000 GHz. 

16. A ceramic dielectric prepared by low temperature 
sintering of a mixture comprising: 

a calcined powder comprising a Ba0. TiO2 compound, 
wherein 3.0sys5.7, from 0.1 to 20 parts by weight of 
ZnO per 100 parts by weight of the BaO.xTiO, 
compound, from 0.1 to 10 parts by weight of TaOper 
100 parts by weight of the BaoxTiO compound, and 
from 0.1 to 1 parts by weight of MnOper 100 parts by 
weight of the BaO.xTiO compound; and 

a glass powder, wherein the glass powder has a transition 
point less than or equal to 450 C. 

17. A method of manufacturing a ceramic dielectric 
comprising of steps of 

calcining a composition at 900 to 1200° C. to provide a 
calcined product, the composition comprising a Ba0 
..TiO (3.0Sxs5.7) compound, from 0.1 to 20 parts by 
weight of ZnO per 100 parts by weight of the BaOx 
TiO, compound, from 0.1 to 10 parts by weight of 
TaO per 100 parts by weight of the BaOxTiO2 
compound, and from 0.1 to 1 parts by weight of MnO, 
per 100 parts by weight of the BaOxTiO2 compound 

pulverizing the calcined product; 
mixing a glass powder with the pulverized calcined 

product, the glass powder having a transition point less 
than or equal in 450° C.; 

molding the pulverized calcined product mixed with the 
glass powder, and 

sintering the molded pulverized calcined product mixed 
with the glass powder at 850 to 1000 C. 
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