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(57) ABSTRACT

Most of the dielectric ceramic compositions consist of three
or more different lead-based or non-lead ceramics. These
materials and their solid solutions can give high dielectric
constants (er>10000) but the disadvantage is large fluctua-
tions in the dielectric constant with increasing or decreasing
temperature. Most applications of these materials are there-
fore concentrated on the utilization of their dielectric con-
stants at a specific temperature. This invention provides a
dielectric composite of the general formula (x)[Pb(In, »
Nb, ,)O05]:(1-x)[Pb(Mg, ;sNb,,;)O;] having improved sta-
bility of dielectric constant in the working temperature
range.

7 Claims, 3 Drawing Sheets
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DIELECTRIC COMPOSITES AND METHODS
OF MAKING SUCH

FIELD OF THE INVENTION

This invention relates to dielectric ceramic lead compos-
ites, particularly those having relatively high dielectric con-
stants.

BACKGROUND OF THE INVENTION

Most lead-based perovskite compounds yield high dielec-
tric constant, e.g., €,>2000, which is the requirement for
small capacitors in microelectronic industry. An advantage
of the lead-based materials is low sintering temperature,
which is typically below 1200° C. Since these lead-based
ceramics have a wide range of Curie temperatures, a mul-
tilayer ceramic capacitor can be fabricated in different layers
to meet the required temperature by integrating the overall
properties of the multilayer.

Most of the dielectric ceramic compositions consist of
three or more different lead-based or non-lead ceramics. In
addition, in many cases, small amounts of some other
elements are required to modify the main solid solution.
Lead magnesium niobate Pb(Mg, ;Nb,,;)O;, lead nickel
niobate Pb(Ni, ;Nb,,;)O;, lead zirconate PbZrO; and lead
titanate PbTiO; are widely used as dielectric ceramic com-
positions. These materials and their solid solutions can give
high dielectric constants (e,>10000) but the disadvantage is
large fluctuations in the dielectric constant with increasing
or decreasing temperature. Most applications of these mate-
rials are therefore concentrated on the utilization of their
dielectric constants at a specific temperature. For example,
lead magnesium niobate, lead nickel niobate and lead titan-
ate, which are mentioned in the U.S. Pat. No. 5,275,988. The
addition of strontium, barium and calcium ions to ternary
ceramics replaces some of the Pb ions, enabling modifica-
tion of the dielectric and temperature properties. The modi-
fied ternary ceramic systems exhibit high dielectric con-
stants (g,>10000) and satisfying the Y5U characteristics
(=30° C.t0 85° C., AC/C (25° C.), +22% to =56%). In U.S.
Pat. No. 5,633,215, the main components of the dielectric
composition consist of lead magnesium tungstate
(Pb(Mg, ,W,,,)03), lead zirconate and lead titanate and at
least one rare-earth oxide additive. The dielectric constants
of these compositions vary from 1600 to 6800 but the
variations in the dielectric constant at -30° C. and 85° C. are
large. Typical variations are about 15% or more. Another
U.S. Pat. No. 5,861,350 claims reasonably high dielectric
constant (~4000 to 10000) but the temperature stability falls
within +30%.

OBIECTS OF THE INVENTION

Therefore, it is an object of this invention to provide a
dielectric composition having improved stability in the
dielectric constant at the working temperatures. As a mini-
mum, it is an object of this invention to provide the public
with a useful choice.

SUMMARY OF THE INVENTION

Accordingly, this invention provides a composite com-
prising essentially:

lead indium niobate, [Pb(In, ,Nb; ,)O;];

lead magnesium niobate, [Pb(Mg, ;Nb,,;)O;]; and
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2

at least one dopant metal ion to replace lead ion in an
amount of 2 to 5 mole percent, the metal ion being
selected from the group consisting of Ba, Sr, Ti, Yb, La,
Na, and their combinations thereof;
and being expressed by the following general formula
(®)[Pb(In, ,Nb, 5)O05]:(1-x)[Pb(Mg, ;3Nb, 5)05]. Prefer-
ably, x is from 0.3 to 0.7.
This invention also provides a method of manufacturing
a composite, that includes the steps of:
calcinating a mixture of lead(IT) oxide [PbO], indium(III)
oxide [In,0,], magnesium(Il) oxide [MgO], and niobi-
um(V) oxide [Nb,Os];
adding oxide of at least one dopant metal ion to replace
lead ion in an amount of 2 to 5 mole percent, said metal
ion being selected from the group consisting of Ba, Sr,
Ti, Yb, La, Na, and their combinations thereof, before
the mixture is calcinated; and
then sintering the mixture.

The mixture is calcinated at about 800° C. to 900° C. for
about two to four hours. The mixture is sintered at about
1050° C. to 12350° C. for about one to two hours.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will now
be explained by way of example and with reference to the
accompanying drawings in which:

FIG. 1 shows the dielectric constants of the doped 0.3Pb
(In, Nb,,)05:0.7Pb(Mg, sNb,/3)O;  ceramics  plotted
against temperature from —-60° C. to 200° C., wherein the
dopants are: 2% and 5% Ba, 2% and 5% La and 2% and 5%
Yb;

FIG. 2 shows the dielectric constants of the doped 0.3Pb
(In, Nb,,)05:0.7Pb(Mg, sNb,/3)O;  ceramics ceramics
doped with 2% Ti, 5% Ti, 2% Sr, 5% Sr, 2% Na and 5% Na;
and

FIG. 3 shows the dielectric constants of the doped 0.3Pb
(In Nb,,)0,:0.7Pb(Mg, ;Nb, ;)O;  ceramics  ceramics
doped with 2% Ti+5% Na and 5% Ti+5% Na.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This invention is now described by way of example with
reference to the figures in the following paragraphs.

Objects, features, and aspects of the present invention are
disclosed in or are obvious from the following description.
It is to be understood by one of ordinary skill in the art that
the present discussion is a description of exemplary embodi-
ments only, and is not intended as limiting the broader
aspects of the present invention, which broader aspects are
embodied in the exemplary constructions.

The base ceramic dielectric composite is (X)Pb(In, 5
Nb, ,)0;-(1-x)Pb(Mg;, sNb, 5)O; with x=0.3 to 0.7. Addi-
tionally, the composite may contain at least one metal ion as
a dopant. These ions incorporated in the base ceramic are
Ba, Sr, Ti, Yb, La and Na. The starter materials used can be
the oxides or carbonates of BaCOj;, SrO, TiO,, Yb,O;,
LaO; and NaCO,, which contain the dopants. The mole
percentage of one particular dopant added into the base
ceramic does not exceed 5 mole percent, as shown in FIGS.
1, 2 and 3 and Table 1. It is found that it may be difficult to
maintain the temperature stability and the pseudo-cubic
crystal structure of the solid solutions if more than 5 mole %
of the dopant is added.
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The composite of this invention can be manufactured by
mixing lead(IT) oxide [PbO], indium(IIl) oxide [In,O;],
magnesium(Il) oxide [MgO] according to the above sto-
ichiometric ration, and then calcinated at above 800° C.,

4
temperature of the 5% Yb doped ceramic was identical to
that of the 2% doped ceramic, FIG. 1.
The ceramics doped with a combination of Na and Ti were
fabricated by mixing the base ceramic with pre-calcined

preferably at about 800° C. to 900° C. for about two to four 5 Na-doped and Ti-doped powders. The 2% Na+5% Ti-doped
hours, and then sintered at above 1000° C., preferably about ceramics showed a lower € compared with 5% Na+5% Ti
1050° C. to 1250° C. for about one to two hours. If dopants doped ceramics. However, the temperature stability was
are required to present in the composite, the dopants may be improved significantly. The variation was less than 15% at
added in the oxide form of BaCO,, SrO, TiO,, Yb,O;, -20 to 105° C. The value of €, did not drop below 2800. The
La O, and NaCOj; before calcinations. 10 2% Na+5% Ti doped ceramics showed significant improve-
In the ceramics, doped with 2% or 5% Ba, the A-site of ment in €, and temperature stability. The minimum €, was
the perovskite structure, which is normally occupied by Pb, 3500 and its variation was less than 7% -20 to 105° C., FIG.
is partially replaced by Ba. The 2% Ba-doped ceramic 3.
exhibit higher €, than the base ceramic below 80° C., but The temperature stability of the lead-based perovskite-
notability, the change in €, close to €, is rapid. The 5% 15 structured ceramics (x)Pb(In, ,Nb, ,)O;:(1-x)Pb(Mg; 5
Ba-doped ceramic exhibit better €, performance below the Nb,,;)O; with x=0.3 to 0.7 is significantly improved by
Curie temperature (0° C.) but the values and the changes in adding different amounts of the dopants. These ceramics are
€, above the Curie temperature were not as significant as the relatively simple binary systems with high dielectric con-
base ceramic, FIG. 1. stant (er>3000) exhibiting temperature stability. The base
In the ceramics doped with 2% or 5% Sr, the Curie 20 ceramic without any additive fulfills Z5P (10° C. to 85° C.,
temperature, as well as the maxima of the ¢,, were AC/C (25° C.), £10%). The composition, for example,
decreased. The new Curie temperature was about —40° C. (x)Pb(In, Nb, ,)O5:(1-x)Pb(Mg, sNb,,;)O;  with  x=0.3
(for 5% Sr). The drop in the rate of €, also showed an meets the specification Z5P (10° C. to 85° C., AC/C (25° C.),
increase, FIG. 2. +10%) and Z6R (10° C. to 105° C., AC/C (25° C.), £15%),
In the ceramics doped with 2% or 5% Na to partially 25 while retaining high dielectric constants. These outstanding
replace Pb in the A-site of perovskite structure. The 2% dielectric and temperature properties can be applied to
Na-doped ceramics has a higher Er at any temperature fabricate single ceramic capacitors with good temperature
compared to the base ceramic but the temperature stability stabilities and to replace layered materials containing vari-
was degraded. The 5% Na-doped ceramic shows more ous dielectrics in a multilayer ceramic capacitor, thus reduc-
complicated behavior. At lower temperature range (-30° C. 30 ing the capacitor size and the cost of fabrication.
or below), the ¢, is the highest. After the Curie temperature While the preferred embodiment of the present invention
around 0° C., the drop rate of €, was quite rapid until 70° C., has been described in detail by the examples, it is apparent
FIG. 2. that modifications and adaptations of the present invention
The addition of 2% or 5% Ti dopant partially replaced will occur to those skilled in the art. Furthermore, the
Mg, In or Nb in the B-sites of perovskite structure. The Curie 35 embodiments of the present invention shall not be inter-
temperature and dielectric constant were increased. This preted to be restricted by the examples or figures only. It is
increase was dependent on the molar percentage of Ti. At to be expressly understood, however, that such modifica-
higher concentration of Ti, both the Curie temperature and tions and adaptations are within the scope of the present
€, were higher. No plateau and single-phase transition were invention, as set forth in the following claims. For instance,
found in the 5% Ti ceramic, FIG. 2. 40 features illustrated or described as part of one embodiment
The addition of 2% Yb dopant caused an increase in the can be used on another embodiment to yield a still further
Curie temperature and €,. However, the addition of 5% Yb, embodiment. Thus, it is intended that the present invention
caused a drop in the €, compared with the 2%, but the values cover such modifications and variations as come within the
were still higher than the unmodified ceramic. The Curie scope of the claims and their equivalents.
TABLE 1

Dielectric constants of the doped PINM3070 ceramics at specific temperatures and their percentage changes. The EIA-198E
standard fulfilled by each ceramic is shown in the last column.

Element A(=30°C)  A(I0° C) A(85°C.) A(105°C)  A(125° C.) EIA-198

% 25°C. -30°C. 10°C. 85°C. 105°C. 125°C. % % % % % Standard

2% Ba 46458 37482  4753.6  3746.7 3367.6 29839 -193 23 -194 -275 -358 Y58, 258

5% Ba 37847 39115 40024  3077.6 27738 2450.1 34 5.8 -187 -26.7 -353 Y58, 258

2% La 55719 35741 58863 43973 38465 3320.1 -359 5.6 —21.1 -31.0 —403 —

5% La 869.5  959.9 9054 7361 6984  664.0 104 41 -153 -19.7 -23.6 Y58, 758,
Y68, Z6S

2% Yb 4799.6 30437 49089  4246.8 3880.5 3446.0 -36.6 23 -115 -19.0 -282  Z5R, 268

5% Yb 4417.1 28551 44648  3887.8 3559.8 3190.2 -354 11 -12.0 -194 -27.8  Z5R, 268

2% Ti 5380.3 2817.0 49547 52079 48928 36765 -47.6 -7.9 -32 -9.1 -31.7  Z5P, Z6P

5% Ti 5308.5 26322 44232 62674 56841 4980.1 -504 -16.7 18.1 7.1 -62  Z5S, Z6S,
778

2% Sr 3861.0 33362  4137.5 31684 28705 25475 -13.6 7.2 -17.9 -25.7 -340  Y5S, 268

5% Sr 3152.5 34523 33355  2581.5 23337 20812 9.5 5.8 -18.1 -26.0 -340  Y5S, 268

2% Na 56044 41319 59572 4578.8 40622 35214 -26.3 6.3 -183 -275 -372 758

5% Na 5075.3 4601.8 57027 35952 32260 28509 -93 124 -29.2 -36.4 -438  —

5% Na+ 34099 28639 34732 32415 29169 2587.1 -16.0 19 -49 -145 —241 Y58, Y6S,

2% Ti Z5F, Z6R
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TABLE 1-continued

Dielectric constants of the doped PINM3070 ceramics at specific temperatures and their percentage changes. The EIA-198E
standard fulfilled by each ceramic is shown in the last column.

Element A(-30°C.)  A(10°C.) A(85°C.) A(105°C.)  A(125° C.) EIA-198
% 25°C. -30°C. 10°C. 85°C. 105°C. 125°C. % % % % % Standard
5% Na+  4809.6 3597.9  4733.6 48569 44755 4007.9 -25.2 -1.6 1.0 -6.9 -16.7  Z5C, Z6F,
5% Ti VAL
The invention claimed is: adding oxide of at least one dopant metal ion to replace
1. A composite comprising essentially of: lead ion in an amount of 2to Smole percent, said metal
lead indium niobate, [Pb(In, ,Nb, ,)O;]; and s ion being selected from the group consisting of Ba, Sr,
lead magnesium niobate, [Pb(Mg, 5 Nb,,;)O;] Ti, Yb, La, Na, and their combinations thereof, before
at least one dopant metal ion to replace lead ion in an the mixture is calcinated; and
amount of 2 to 5 mole percent, said metal ion being then sintering the mixture.
selected frorp the group consisting of Ba, Sr, T1, Yb, La, 4. The method of claim 3, wherein the mixture is calci-
Na, and their combinations thereof 5o nated at about 800° C. to 900° C.

and being expressed by the following general formula
(®)[Pb(In, ,Nb, 5)O05]:(1-x)[Pb(Mg, ;3Nb,5)05],
where 0<x <1.
2. The composite of claim 1,wherein x is from 0.3 to 0.7. o M
3. A method of manufacturing the composite of claim 1 at about 1050° C. to 1250° C.
including the steps of: 25 7. The method of claim 6, wherein the mixture is sintered
calcinating a mixture of lead(Il) oxide [PbO], indium(III) for about one to two hours.
oxide [In,O ;], magnesium(Il) oxide [MgO], and nio-
bium(V) oxide [Nb ,Os]; I T S

5. The method of claim 4, wherein the mixture is calci-
nated for about two to four hours.
6. The method of claim 3, wherein the mixture is sintered
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