
EP 0 525 590 B1 Description The present invention relates to a
piezoelectric ceramic composition used as a material for a piezoelectric
ceramic element such as a ceramic filter, a ceramic oscillator or the like.
5 Description of the Related Art As a piezoelectric ceramic used for a
cerarnic filter or the like, a piezoelectric ceramic mainly composed of
lead titanate zirconate (Pb [err] has been widely used, and a piezoelectric
ceramic to which small amounts of 10  various additives are added so as to
improve the piezoelectric characteristics thereof has been used.
Particularly as a piezoelectric ceramic for a ceramic filter having flat
group delay time (GDT) characteristics and causing low phase distortion,
one having a small mechanical quality factor Qm has been required. As this
piezoelectric ceramic having a small Qrn value, a piezoelectric ceramic in
which niobium oxide, antimony oxide, tantalum oxide and the like are added
as additives to lead titanate zirconate (Pb [err] has been known. 15
However, many examples of the above described conventional piezoelectric
ceramic composition having a small Qm value and one having a piezoelectric
d constant increased for an actuator and one having an electromechanical
coupling factor K increased for a wide band filter, so that they have
insufficient heat proofing. Consequently, the con- ventional piezoeletric
ceramic composition has the disadvantage in that in the case where it is
used as a surface mounted type ceramic filter element, if it is exposed to
high temperatures in the reflow soldering process, the electro- 20
mechanical coupling factor Kthereof issignificantly lowered, so that the
filter characteristicsthereof are largely degraded. Furthermore, the above
described piezoelectric ceramic composition having a small Qm value has the
disadvantage in that it generally has low mechanical strength, so that it
is liable to be cracked or chipped in the process of processing as a filter
element. An object of the present invention is to provide a piezoelectric
ceramic composition having high mechanical strength, 25  having a small
mechanical quality factor Qm, and having an electromechanical coupling
factor K whose rate of decrease at high temperatures is low and
particularly, a piezoelectric ceramic composition for a ceramic filter
element having flat group delay time characteristics, causing low phase
distortion, and capable of coping with surface mounting. A piezoelectric
ceramic composition according to the present invention is one mainly
composed of lead titanate zirconate represented by (Pb [err] (where X =
0.48 to 0.55). According to the present invention, 0.1 to 8 mole 30 % of
the Pb atom in the titanate zirconate is replaced with at least one element
selected from the group consisting of Ba, Sr and Ca. In addition, according
to the present invention, the piezoelectric ceramic composition contains
0.5 to 1.9 % by weight of at least one element selected from the group
consisting of Sb, Nb and Ta when respectively converted into [err],
contains 0.1 to 0.8 % by weight of at least one element selected from the
group consisting of Cr. Fe and Mn when respectively converted into [err]
and [err] and contains 0.001 to 0.25 % by weight of 35 at least one element
selected from the group consisting of Si and Ge when respectively converted
into SiO2 and GeO2. In the piezoelectric ceramic composition according to
the present invention, the electromechanical coupling factor K is increased
to one for practical applications, the rate of decrease of K at high
temperatures is lowered, and the mechanical quality factor Qm is decreased
by adding to lead titanate zirconate (PZT) on the tetragonal ferroelectric
phase (tetragonal phase) side from a phase transition boundary (MPB) at
least one of Sb, Nb and Ta and further adding 40  at least one of Cr. Fe
and Mn. According to the present invention, the mechanical strength is also
improved by adding a small amount of at least one of Si and Ge. The
piezoelectric ceramic composition according to the present invention has
superior properties particularly as a material for a ceramic filter
element, and can be used as a suitable material for a ceramic filter
element in the above described composition or in combination with another
component or another material as required. 45     In the piezoelectric
ceramic composition according to the present invention, the
electromechanical coupling factor K is as large as one for practical
applications, and the rates of variation with temperature of a resonance
frequency and an antiresonance frequency are low, and the mechanical
quality factor Qm can be arbitrarily selected in the lower range of, for
example, not more than 400. Consequently, when the piezoelectric ceramic
composition according to the present invention is used as a material for a
ceramic filter element such as a piezoelectric filter, one having flat
group delay time so  (GDT) characteristics and causing low phase distortion
can be arbitrarily selected in accordance with its use. Furthermore, the
piezoelectric ceramic composition according to the present invention is
higher in mechanical strength than the conventional piezoelectric ceramic
having a small mechanical quality factor Qm. Accordingly, it is 



possible to significantly improve the yield of products by restraining
cracking or chipping occurring in the process of processing as a ceramic
filter element. 55      Additionally, the piezoelectric ceramic composition
according to the present invention has a high Curie temperature of not less
than [err] and has an electromechanical coupling factor K whose rate of
decrease up to the vicinity of the Curie temperature is low. Consequently,
when the piezoelectric ceramic composition according to the present
invention Is used as a material for a filter element mounted on the surface
by reflow soldering or the like, it Is possible to restrain the degradation
of the characteristics due to, for example, exposure to a high temperature
of [err] and particularly, the 2    EP 0 525 590 B1 shift of the pass band
of the filter and the decrease of the pass bandwidth thereof. Accordingly,
the piezoelectric ceramic composition according to the present invention is
particularly useful as a material for a surface mounted type ceramic filter
element. The foregoing and other objects, features, aspects and advantages
of the present invention will become more appar- 5 ent from the following
detailed description of the present invention when taken in conjunction
with the accompanying drawings. Fig. 1 is a diagram showing the
relationship between a molar ratio of Ti and Zr and (Fr - TC) (the rate of
variation with temperature of a resonance frequency Fr at temperatures of
-20 to [err] with respect to the amounts of replace- 10     ment of Pb with
Sr, etc.; Fig. 2 is a diagram showing the relationship between temperatures
and an electromechanical coupling factor Kp in a sample in the example of
the present invention and a sample in the comparative example; and Fig. 3
is a diagram showing the relationship between the amount of addition of
[err] or [err] and three-point flexural strength. 15 Respective components
such as PbO, [err] and GeO2 which are materials constituting a
piezoelectric ceramic composition were weighed at predetermined ratios, and
water was added thereto, followed by wet mixing using a ball mill A mixture
obtained by the wet mixing was then dried and then, calcined at
temperatures of 800 to 900C for two hours, and this calcined material was
wet ground using the 20  ball mill, thereby to obtain a regulated powder.
Water or a binder such as polyvinyl alcohol was then added to this
regulated powder, followed by pressing and then, the regulated powder was
held at temperatures of 1150 to [err] for two hours, followed by sintering.
A ceramic thus obtained was ground In the shape of a disc having a diameter
of 10 mm and having a thickness of 1 mm, and silver electrodes were
provided baked in both ends thereof by baking and then, the ceramic was
subjected to polarization 25  processing in an electric field of 2 to 3
kV/mm in insulating oil having a temperature of 80C, to obtain a
piezoelectric ceramic. For comparison, a piezoelectric ceramic outside the
range in the present invention was fabricated in the same operation as
described above. Measurements of an electromechanical coupling factor Kp, a
mechanical quality factor Qm, and a Curie temperature Tc in the vibration
in the diameter direction were performed with respect to piezoelectric
ceramics in the examples of 30 the present invention and piezoelectric
ceramics in the comparative examples obtained in the above described
manner. The results of the measurements in the examples in which
compositions are varied and the comparative examples are shown in Table 1.
In Table 1, A, B. C and D respectively represent components In the
following formula (1) and the amounts of addition thereof: 35 [err]
(1) A represents the element (Sr, Ba, Ca) substituted for Pb and the ratio
(molar ratio) thereof. B represents the additive [err] and the amount of
addition (% by weight) thereof. C represents the additive [err] 40  [err]
and the amount of addition (% by weight) thereof. D represents the additive
[err] and the amount of addition (% by weight) thereof. In Table 1, mark
"*" indicates the piezoelectric ceramic in the comparative examples 



outside the range of the present invention. According to the present
invention, 0.1 to 8 mole % of a Pb atom in lead titanate zirconate is
replaced with at least one selected from the group consisting of Sr, Ba and
Ca. As can be seen from sample No, 4 in Table 1, when this amount 45  of
replacement exceeds 0.08 mole, i.e., 8 mole %, the Curie temperature Tc is
not more than [err] Furthermore, when the piezoelectric ceramic composition
is used as a material for a ceramic filter element, it is essential that
the rates of variation with temperature of a resonance frequency Fr and an
antiresonance frequency Fa are low. In piezoelectric ceramics represented
by the following formula (2) in which the content of Sr, Ba or Ca, i.e.,
the value of Y is varied, for example, 0.00, 0.03 and 0.05, the
relationship between the rate of variation with temperature of 50 the
resonance frequency Fr at temperatures of -20 to 80C (which is represented
by (Fr - TC) (temperature coefficient)) and a molar ratio X of Ti is
examined: [err] 55     The results thereof are shown in Fig. 1. As can be
seen from Fig. 1, when the value of Y is 0.00, the rate of variation of Fr
with temperature (Fr - TC) largely varies with changes in the molar ratio X
of Ti, thereby to make it very difficult to suppress the absolute value of
the rate of variation of Fr with temperature (Fr - TC) to not more than 100
[err] On the other hand, when the value of Y is 0.03 and 0.05, the
variation range of the rate of variation of Fr with temperature (Fr - TC)
is decreased. Consequently, 3    EP 0 525590 B1 it is necessary that the
amount of replacement of the Pb atom is not less than 0.1 mole %. In the
present invention, the more favorable amount of replacement of the Pb atom
is 1 to 6 mole %. If the amount of replacement is less than 1 mole %, the
variation range of the rate of variation of Fr with temperature (Fr - TC)
becomes large particularly when the molar ratio of Ti is in the
neighborhood of 0.48. On the other hand, if the amount of replacement
exceeds 6 mole %, the 5  electromechanical coupling factor K tends to be
slightly decreased. In the present invention, the amount of addition of at
least one element selected from the group consisting of Sb, Nb and Ta is
0.5 to 1.9 % by weight. As indicated by sample No. 7 in Table 1, if this
amount of addition is less than 0.5 % by weight, abnormal grain growth
occurs, thereby to make it impossible to achieve uniform sintering, so that
the mechanical quality factor Qm is more than 400. On the other hand, as
indicated by sample No. 11 in Table 1, if this 10   amount of addition
exceeds 1.9% by weight the Curie temperature Tc is not more than [err] In
the present invention, the more favorable amount of addition is 0.7 to 1.5
% by weight. If the amount of addition is not less than 0.7 % by weight, it
is possible to obtain a mechanical quality factor Qm of not more than 350.
On the other hand, if the amount of addition is not more than 1.5 % by
weight, it is possible to obtain a Curie temperature Tc of not less than
275C. In the present invention, the value of X for defining the ratio of Ti
and Zr, that is, the value of X in [err] is 0.48 15 to 0.55. As indicated
by samples Nos. 23 and 24 in Table 1, if the value of X is less than 0.48,
the Curie temperature [err] is lowered to degrade the heat proof. On the
other hand, as indicated by sample No. 27 in Table 1, if the value of X is
more than 0.55, the electromechanical coupling factor Kp is lowered to not
more than 40 % The more favorable range of this value of X is 0.48 to 0.52.
If the value of X is not more than 0.52, it is possible to obtain an
electromechanical coupling factor Kp of not less than 43 %. 20    In the
present invention, the amount of addition of at least one element selected
from the group consisting of Cr, Fe and Mn is 0.1 to 0.8% by weight. Fig. 2
shows the relationship between temperatures and an electromechanical
coupling factor Kp with respect to sample No. 17 which is the piezoelectric
ceramic composition in the example of the present invention and sample No.
33 in the comparative example in which the amount of addition of Cr, Fe or
Mn is less than 0.1 % by weight which is outside the range in the present
invention. The two samples are approximately equal in Curie 25 temperature
To and electromechanical coupling factor Kp. However, it is found that the
piezoelectric ceramic composition according to the present invention in
which the amount of addition of [err] Fe or Mn is not less than 0.1 % by
weight is considerably superior in heat proof as a material for a ceramic
filter element because the rate of decrease of the eleo- tromechanical
coupling factor Kp up to the vicinity of the Curie point, particularly in
the vicinity of a temperature of 250C, is lower, as compared with the
piezoelectric ceramic composition in the comparative example. 30     On the
other hand, if the amount of addition of Cr, Fe or Mn exceeds 0.8 % by
weight, the mechanical quality factor 



Qm is so high as to be not less than 400, and the electromechanical
coupling factor Kp is lowered to not more than 40 %, as indicated by sample
No. 18 in Table 1. The more preferable amount of addition is 0.2 to 0.7 %
by weight. If the amount of addition is less than 0.2 % by weight, the rate
of decrease of the electromechanical coupling factor Kp is slightly raised.
It is desirable that the electromechanical coupling factor Kp is not less
than 40 % at a temperature of 35   [err] On the other hand, If the amount
of addition is 0.7% by weight, it is possible to obtain a mechanical
quality factor Qm of not more than 350. In the present invention, the
amount of addition of at least one element selected from the group
consisting of Si and Ge is 0.001 to 0.25 % by weight. Fig. 3 shows the
results of a three-point flexural strength test with respect to the
piezoelectric ceramic composition in one example of the present invention.
Three-point flexural strength (flexural 40  strength) [err] is measured by
changing the value of Z in the composition represented by the following
formula (3) (the amount of addition of [err] (% by weight)): [err] + 1.0 wt
% [err] + 0.4 wt % [err] + ZD (where D is SiO2 or GeO2)  (3) 45     The
relationship between the three-point flexural strength [err] and the value
of Z is shown in Fig. 3. As can be seen from Fig. 3, when D, i.e., the
amount of addition of [err] or GeO2 is less than 0.01 % by weight, [er] is
not more than 1000 [err] so that the mechanical strength is lowered. In
addition, as indicated by sample No. 31 in Table 1, if the value of D
exceeds 0.25 % by weight, the electromechanical coupling factor Kp is
lowered to not more than 40 %. Consequently, the amounts of addition of Si
and Ge are preferably in the range of 0.001 to 0.25% by weight 50 when
converted into [err] and [err] respectively. Further, the more favorable
range is 0.01 to 0.15 % by weight. If the amount of addition is less than
0.01 % by weight, the effect of increasing the strength may, in some cases,
be insufficient. On the other hand, if the amount of addition exceeds 0.15
% by weight, the electromechanical coupling factor Kp is slightly lowered,
thereby to make it difficult to obtain 43 % which is a favorable value as
Kp. Although the present invention has been described and illustrated in
detail, it is clearly understood that the same is 55  by way of
illustration and example only and is not to be taken by way of limitation,
the spirit and scope of the present invention being limited only by the
terms of the appended claims. 4    EP 0525590 B1 Claims 1. A piezoelectric
ceramic composition containing lead titanate zirconate represented by a
composition formula Pb [err] (where X = 0.48 to 0.55, 0.1 to 8 mole % of a
Pb atom in said lead titanate zirconate being replaced 5      with at least
one element selected from the group consisting of Ba, Sr and Ca, which
contains 0.5 to 1.9 % by weight of at least one element selected from the
group consisting of Sb, Nb and Ta when respectively converted into [err]
0.1 to 0.8 % by weight of at least one element selected from the group
consisting of Cr, Fe and Mn when respectively converted Into [err] and
[err] and 10          0.001 to 0.25 % by weight of at least one element
selected from the group consisting of Si and Ge when respectively converted
into [err] and [err] 2. The piezoelectric ceramic composition according to
claim 1, which is used as a material for a ceramic filter element. 15  3.
The piezoelectric ceramic composition according to claim 1, wherein 1 to 6
mole % of the Pb atom in said lead titanate zirconate is replaced with at
least one element selected from the group consisting of Ba, Sr and Ca. 4.
The piezoelectric ceramic composition according to claim 1, wherein 0.7 to
1.5 % by weight of at least one element selected from the group consisting
of Sb, Nb and Ta Is added to said lead titanate zirconate when respectively
20     converted into [err] and [err] 5. The piezoelectric
ceramiccomposition according to claim 1, wherein X in the composition
formula representing said titanate zirconate is 0.48 to 0.52. 25  6. The
piezoelectric ceramic composition according to claim 1, wherein 0.2 to 0.7
% by weight of at least one element selected from the group consisting of
Cr, Fe and Mn is added to said lead titanate zirconate when respectively
converted into [err] and [err] 7. The pezoelectri ceramic composition
according to claim 1, wherein 0.01 to 0.15% by weight of at least one
element 



30     selected from the group consisting of Si and Ge is added to said
lead titanate zirconate when respectively converted into [err] and [err] 8.
The piezoelectric ceramic composition according to daim 1, which has an
electromechanical coupling factor Kp of not less than 40 %. 35 9. The
piezoelectric ceramic composition according to claim 1, which has a
mechanical quality factor Qm of not more than 400. 10. The piezoelectric
ceramic composition according to claim 1, which has a Curie temperature of
not less than 2500C. 40 PatentansprWche 1. Piezoelektrische
Keramikzusammensetzung, enthaltend Bleititanatzirkonat gema8 der
Zusammensetzungsformel Pb(TixZrl1x)03 (worin X = 0,48 bis 0,55 st, wobei
0,1 bis 8 Mol-% der Pb-Atome in dem Bleititanatzirkonat durch ss
mindestens ein Element, gewahlt aus der Ba, Sr und Ca umfassenden Gruppe
ersetzt sind, enthaltend 0,5 bis 1,9 Gew.-% mindestens eines Elements,
gmwhlt aus der Sb, Nb und Ta umfassenden Gruppe, jeweils umgewandelt in
Sb203, Nb2O5 und Ta205, 0,1 bis 0,8 Gew.-% mindestens eines Elements,
gewAhitaus der Cr, Fe und Mn umfassenden Gruppe, jeweils umgewandelt in
Cr203, Fe203 und MnO2, und 50          0,001 bis 0,25 Gew.-% mindestens
eines Elements, gewahlt aus der Si und Ge umfassenden Gruppe, jeweils
umgewandelt in 8102 und Ge02. 2. Piezoelektrische Keramikzusammensetzung
nach Anspruch 1, welche als Material for sin Keramiltilterelement ver-
wendet wird. 56 3. Piezoelektrische Kerarilzusammensetzurig nach Anspruch
1, wobei 1 bis 6 Mol-% der Pb-Atome in dem Bleititan- atzirkonat durch
mindestens ein Element gewahit aus der Ba, Sr und Ca umfassenden Gruppe
ersetzt sind. 5    EP 0 525 590 81 4. Piezoelektrische
Keramikzusammensetzung nach Anspruch 1, wobes 0,7 bis 1.5 Gew.-% mindestens
eines Ele- ments, gewAht aus der Sb, Nb und Ta umfasenden Gruppe, dem
Bleititanatzirkonat zugegeben worden sind, jeweils umgswandelt in Sb2O3,
Nb2MA und Ta205. 5  5. Piezoelektrische Keramikzusammensetzung nach
Anspruch 1, worin X in der das Ttanatzirkonat wiedergebenden
Zusammensetzungsformel 0,48 bis 0,52 ist. ~-;6. Piezoelektrische
Keramifzusammensetzung nach Anspruch 1, wobei 0,2 bis 0,7 Gow.-% mindestens
sines Ele- ments, gew&hlt aus der Cr, Fe und Mn urnfassenden Gruppe, dem
Bleititanatzirkonat zugegeben worden sind, 10    jeweils umgewandelt in
Cr2OA, Fe2O3 und MnO2. 7. PKezoelektrische Keramikzusammensetzung nach
Anspruch 1, wobei 0,01 bis 0,15 Gew.-% mindestens eines Ele- ments, gewahit
aus der Si und Ge umfassenden Gruppe, dem Bleitftanatzirkonat zugegeben
worden, jeweils umge- wandelt in SiO2 und G002. 15 8. Piezoelektrische
Keramikzusammensetzung nach Anspruch 1, welche einen elektromechanischen
Kupplungsfaktor Kp von nicht weniger als 40 % aufweist. 9. Piezoelektrische
Keramikzusammensetzung nach Anspruch 1, welche einen mechanischen
QualitatsfaktorQm von 20     nicht mehr als 400 aufweist. 10.
Piezoelektrische Keramikzusammensetzung nach Anspruch 1, welche sine
Curie-Temperatur von nicht weniger als 250C autweist. 25  Revendlcatlons 1.
Composition c6ramique piezo6lectrique contenant du zirconate titanate et de
plonb represent6 par la farmule brute Pb (TixZr1 x) 03 (dans laquelle X =
0.48 a 0,55), 0,1 a 8 % en moles d'un atome de plornb dans ledit zirconate
titanate de plomb tant substitu6 par au moins un element choisi dansle
groups constitu de Ba, Sr et Ca, laquelle 



30     contient 0,5a 1.9% en poidsd'au moins un 6lement cholsi dans Is
groups constitu6 de Sb, Nb et Ta, lorsque converti en Sb203, Nb2O6 et
Ta2O5, 0,1  A0,8% en poids d'au moins un elment choisi danse  groups
oonstitu6 de Cr, Fe et Mn, loreque converti en Cr203, Fe203 et MnO2, et 35
0,001 A 0,25 % en poids d'au moins un element choisi dans le group.
constitu6 de Si et Ge, lorsque converti en 8i02 St 0002. 2. Composition
ceramique piezoelectrique salon la revendication 1 utilisee en tant quo
materiau pour element ceramique filtrant. 40 3. Composition
c6ramiquepik~ectique solon la revendication 1, dans laquelle 1 A 6% en mole
de 'atome de plomb dans ledit zirconate titanate de plomb est substitue par
au mains un element choisi dans le group. constitu6 par Ba, Sr et Ca. 45
4. Composition ceramique piezoelectrique selon la revendication 1, dans
laquelle 0,7 a 1,5 % en poids d'au moins un element choisi dans le groups
constlt6 de SO, Nb et Ta est ajoute audit zirconate titanate et de plomb,
lorsque convoerti en Sb2O3. Nb206 et Ta206. 5. Composition ceramique
piezoelectrique selon la revendication 1, dans laquelle X dans la formula
brute representant 50    ledit zirconate titanate de plomb est de 0,48 A
0,52. 6. Composition ceramique pfizoelectrique selon la revondication 1,
dans laquelle 0,2 A 0,7 % en poids d'au moins un el6ment choisi dans le
groupe constitue de Cr, Fe et Mn est ajoute audit zirconatb titanate de
plont, lorsque converti en Cr203, Fe2Os et MnO2. 7. Composition ciramique
pizoelectrique solon la revendication 1, dans laquelle 0,01 A 0,15% en
poids d'au moins un element choisi dans le groupe constitue de Si et Go est
ajoute audit zirconate titanate de plomb, lorsque converti on 8102 et GeO2.
I  I 1111111111111111111 111    EP 0 525 590 B1 8. Composition c6ramique
piezoelectrique selon la revendication 1, pr6sentant un facteur de couplage
Melctrom6ca- nique Kp non inferieur A 40 %. 9. Composition c6ramique
pifzo6lectrique selon la revendication 1, pr6sentant un facteur de qualit4
m6canique Qm 5      non supirieur a 400. 10. Composition c6ramique
piezo-hetctrique selon la revendication 1, pr~sentant une temperature de
Curie non infrfieure a 250 C. 10 15 K- 26 30 95 40 46 60 7    


