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Piezoelectric Ceramics 

The present invention relates to piezoelectric ceramics 

which is applied to a piezoelectric device such as a ceramic 

oscillator, a ceramic filter or a ceramic discriminator, for 

example, and more particularly, it relates to piezoelectric 

ceramics which is applied to a surface mounted type 

,Q piezoelectric component, to which heat resistance is required. 

In general, piezoelectric ceramics which is mainly composed 

of lead titanate ~irconate (Pb(TizZr 1_z)03 ) is widely applied to 

a ceramic filter or the like. Further, there are proposed 

5 piezoelectric ceramics, to which small amounts of various 

additives are added for improving piezoelectric characteristics 
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thereof'. 

In particular, piezoelectric ceramics which is applied to a 

ce~amic piezoelectric filter having a flat group delay.time 

(hereinafter referred to as GDT) cha~acteristic and small phase 

distortion must have a small m~chanical quality factor Qm. As to 

such piezo~lectric ceFami9s having a small mechanic~l quality 

factor Qm. known is piezoelectric ceramics which is prepared by 

adding niobium oxide. antimony oxide or tantalum oxide to lead . . . . 

J5 tita·n~te zirconate (Pb(TizZr 1_z)03 ), or that prepared by 
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partially replacing Pb atoms of lead titanate zirconate with a 

rare eartp element. 

On the other hand, a material which is prepared by diffusing 

Mn in Pb(Zr 0 _52Ti 0 _48 }o3 is reported as piezoelectric ceramics 

containing a small amount of component diffused therein (M. 

Takahashi and S. Takahashi; Japan, J. Appl. Phys. Vol. 9. No. 8, 

pp. 1006 (1979}). 

However, the aforementioned conventional piezoelectric 

ceramics having a small mechanical quality factor Qm is 

generally increased in piezoelectric constant ~ to be applied to 

an actuator, or mainly aimed at increasing an electromechanical 

coupling factor K for application to a broad-band filter. Thus, 

such piezoelectric ceramics _generally has a low.Curie 

temperature and insufficient heat resistance. 

Some of the aforementioned ·conventional piezoelectric 

ceramics having small mechanical quality factors Qm have a high 

Curie temperature. When the temperature is increased in a 

soldering step or the like. however, the electromechanical 

coupling factor K is reduced to cause extreme displacement of 

resonance and antiresonance frequencies if electrodes provided 

across the pi~zoelectric cerainics are not s~ort-circuited but 

opened. 

When such a conventional piezoelectric ceramics having a 

small mechanical quality factor Qm is applied to a surface 

mounted type filter element. therefore, the filter 
---
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characteristics are extremely deteriorated upon.exposure to a 

high temperature of about 250°C in a reflow soldering step. 

Further, the aforementione~material prepared by diffusing 

Mn in Pb(Zr0 . 52Ti 0 . 48 )o3 is unsuitable for a filter element; due 
. . 

5 to high temperature dependence of resonance and antiresonance 

frequencies. 

·In order to overcome the aforementioned disadvantages, an 

object of the present invention is to provide piezoelectric 

.o ceramics, which is provided not only with a small mechanical 

~uality factor Qm but with exceilent heat resistance and 
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suitably·employed for a filter element having a flat group delay 

time characteristic and small phase distortion to be applic~ble 

to surface mounting. 

The.present invention has been proposed. in order to.solve 

the aforementioned problems. According to a wide aspect of the 

present invention, provided is piezoelectric ceramics which is 

expressed in Pb~r 1 _ 2Tiz0 3 , where z = 0.45 to 0.54. Up to 8 mole 

percent of the Pb atoms is replaced with at least one element 

selected from a group of Ca, Sr and Ba, while the piezoelectric 

ceramics 9ontains ~n in a range of 0.005 to 0.9 percent by weight 
- -

of the whole in terms of M~o2 . In the piezoelectric ceramics 

according to the present invention, 0.1 to 8 mole percent of the 

Pb atoms is replaced with at least one element selected from the 

group of Ca, Sr and Ba as described above. whereby temperature 
·----- ··---·-· 
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coefficient of resonance frequency is reduced. 

According to a specific aspect of the 'present invention·, up 
-

to 5.0 mole percent of the PbZr 1: 2 Tiz03 is further replaced with 

at least one element selected from a group of La, Ce, Pr, Nd; Sm, 

5 Eu and Gd, whereby the mechanical quality factor Qm is reduced. 
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According to another specific aspect of the present 

invention, at least one element selected from a group of Sb, Nb, 

W and Ta is added to the piezoelectric ~eramics in a range of up 

to 2.9 percent by weight of th~overall piezoelectric ceramics in 

terms of Sb 2o3 , Nb 2o5 , wo3 and/or Ta 2o5 , whereby the mechanical 

quality factor Qm is reduced. 

In the piezoelectric ceramics according to the ptesent 

invention, Mn is contained in the range of 0.005 to Q.9 percent 

by weight in terms of Mno2 as described above, whereby heat 

resistance is improved. This Mn is diffused to be contained in 

the piezoelectric ceramics after the same is fired. In other 

words, ceramics which is composed of the elements excluding Mn is 

fired so that Mn is thereafter diffused in the as-obtained 

sintered body, to be contained therein in the aforementioned 

specific range. Due to such diffusion, the Mn exists in the 

graim boundary_with higher con~entration than that in the grains 

of the piezoelectric cera~ics. 

According to the present invention, as hereinabove 

d~sc~ibed, Mn is ~ont~ined in the piezoelectric ceramics having 

a small mechanical quality factor Qm and a high Curie temperature 
--·- ~- ---~-----
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by diffusion to exist in the grain boundary with relatively 

higher concentration·, whereby resis-tivi ty of the piezoelect.ric 

ceramics is reduced. Therefore-; ·the piezoelecfric ceramics is 

prevented from reduction in polarization as described later; so 

5 that changes of resonance and antiresonance frequencies can be 

reduced also ~hen the piezoelectric ceramics is applied to a 

filter. 

When polarized piezoelectric ceramics is heated and then 

cooled to the room temperature ,on standing, pyroelectric charges 

o are generated in this piezoelectric ceramics. An electric field 

is applied by such pyroelectric charges in a direction opposite 

to that of polarization of the piezoelectric ceramics, to lower 

the degree of polarization. 

According to the present invention, Mn is introduced into 

· 5 the piezoelectric ceramics, in order to quickly annihilate the 

pyroelectric charges and prevent reduction of the degree of 

polarization. ·Particularly when Mn is contained in the 

piezoelectric ceramics by diffusion at a temperature of 900 to 

1100°C, for example. resistivity of the piezoelectric ceramics 

O is reduced so that the pyroelectric charges are quickly 
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discharged. Therefore, it is possible to effectively prevent - -
the electric field, which .is opposite to the direction of 

polarization, from application over a long time. Thus, it is 

possible to suppress reduction of polarization, so that changes 

of resonance and antiresonance frequencies can be reduced when 
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the piezoelectric ceramics is applied to a filter element, for 

example. 

When the piezoelectric ceramics according to the present 

invention is applied to a piezoelectric component. such as a 
piezoelectric filt~r, for example, which is surface-mounted by 

reflow soldering; it is· consequently possible to reduce 

deterioration of characteristics caused by a high temperature of 

up to 250°C, particularly deviation in the passband of the filter 

and the reduction of the passband width. to sufficiently cope 

with surface mounting. 

Due to the aforementioned specific composition according to 

the present invention, it is possible to obtain piezoelectric 

ceramics having a high electromechanical coupling factor K, 

small temperature changes of resonance and antiresonance 

frequencies, and a small mechanical quality factor Qm (not more 

than 100, for example). 

When the inventive piezoelectric ceramics is applied to a 

ceramic filter (piezoelectric filter) element. therefore, it is 

possible to attain excellent characteristics including a flat 

group delay time (GDT) characteristic and small phase distortion 

over a w"ide fr~quency band. thereby suppressing bit errors with 

respect to digital signal~. Thus. the piezoelectric ceramics 

according to the present invention is particularly significant 

as a material for a piezoelectric filter eleme~t for digital 

signals. 
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The foregoing and other objects, .features, aspec~s and. 

advantages of the present invention will become more apparent 

from the following detailed description of the present invention 

when taken in conjunction with the accompanying drawings. 

Fig. 1 illustrates an energy dispersive X-ray spectrum of 

grains in a sample No. 2 of piezoelectric ceramics according to 

Example 1 of the present invention; 

Fig. 2 illustrates an ene~gy dispersive X-ray spectrum of 

grain boundary in t~e sample No. 2 of the piezoelectric.ceramics 

according to Example 1 of the present invention; 

Fig. 3 illustrates an energy dispersive X-ray spectrum of 

grains in a sample No. 22 of piezoelectric ceramics according to 

Example 2 of the present invention; and 

Fig. 4 illustrates an energy dispersive X-ray spectrum of 

grain boundary in the sample No. 22 of the piezoelectric ceramics 

accordi~g to Example 2 of the present invention. 

Unlimited Examples of the present invention are now 

described, to clarify the present invention. 

Example 1 · 

Respective raw materials of PbO, SrC03 , La203 , Ce02. Pr203 , 

Nd203 , Sm 2o3 , Eu 2o3, Gd.20 3 , Ti02 and Zr02 for forming 

piezoelectric ceramics were weighed out to attain ~ompositions 

shown in ~able 1, and wet-blended in a ball mill. The mixtures 
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obtained by such wet blending were dried and thereaft~r calcined 

at 800 to 900°C for 2 hours. The calcined materials were wet-

ground in a ball mill,· to obtain mixed powder materials. 

Caking additives such as water or polyvinyl alcohol were 

5 added to the mixed powder materials. which in turn were press­

molded and thereafter fired at a temperature of 1150 to 1250°C 

for 2 hours. to obtain discoidal samples of ceramics having 

diameters of 10 mm and thicknesses of 1 mm. These samples were 

coated with the mixture of MnC03 powder and varnish, and t~en 

10 dried. Thereafter the samples were heated at a temperature of 

900 to 1100°c for 2 hours, to be subjected to diffusion. 

Thereafter the samples were polished into thicknesses of 0.5 mm, 

and silver elec~rodes were applied at both ends of the samples. 

Thereafter the samples were polarized in insulating oil of 80°C 

5 .for 30 minutes ·with an electric field of 2 to 3 kV /mm, to obtain 

samples of piezoelectric ceramics {vibrator samples}. For the 

purpose of comparison, samples of piezoelectric ceramics 

(vibrator samples) were prepared in a similar manner to the 

above, in ranges which were out of the scope of the present 

invention. 

As to the~e samples, speci.fic resistance values p. 

electromechanical coupling factors Kp and mechanical quality 

factors Qmp in radial vibration, and temperature coefficients 

l .: .-(expressed. as Fr-TC) of resonance frequencies Fr at temperatures 

\ 
of -20°C to 80°C. 

) - 8 .. _ This Sheet Has Been Replaced 
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Further, these vibrator samples were introduced into· a 

thermostat of 250° C for 3 minutes to be su_bjected to J:ieat 

treatment, extracted from the thQ.l'mostat with electrodes applied 

at both ends of the samples being in open states, and thereafter 

5 allowed to stand for about 1 hour. Then, changes 4fr and 4Fa of 

resonance and antiresonance frequencies Fr and Fa were measured. 

Table 1 shows the results of the as-measured 

characteristics, i.e .• specific resistance values p, 

electromechanical coupling factors Kp, mechanical quality 

factors Qmp, temperature coefficients (Fr-TC) of resonance 

frequencies Fr, and changes 4Fr and 4Fa of the resonance and 

antiresonance frequencies Fr and Fa, of the respective samples. 

Referring to Table 1, symbols~·~·~· l• ~and~ represent 

respective components and rates of addition thereof in the 

~ following formula: 

I 

. . . ( 1 ) . 

Namely, A· represents the types of the elements (at least one 

of Ba. Sr and Ca) substituting for Pb, and~ represents rates 

(mole percent) th~reof. On the other hand, ~represents the 

types of the elements (at least one of La, Ce, Pr, Nd, Sm,_En and 

Gd) substituting for Pb, and y represents r~tes (mole percent) - .. .. 
thereof. Further. =. repre.sents rates (mole percent) of Ti, and· ex 

represents contents (percent py weight) of Mn02 in the samples of 

piezoelectric ceramics. 

Referring to Table 1, asterisks(•)° show comparative 
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samples of piezoelectric ceramics. which were out of the scope of 

the p~esent invention. 

It has been recognized from the results of measurement of 

the respective samples shown in Table 1 and other samples (not 

shown in ·Table 1) that the temperature coefficients Fr-Tc of the 

resonance frequency Fr were disadvantageously increased when the 

amounts of replacement with A (Sr, Ba and/or Ca) were less than 

0.1 mole percent. while the Curie temperatures were reduced and 

the changes it.Fr and it.Fa of the resonance and antiresonance 

frequencies F~ and Fa after heating were increased to 

deteriorate heat resistance, when the amounts of replacement 

with A {Sr, Ba and/or Ca) exceeded 8 mole percent in total. 

It has also been recognized that the Curie temperatures 

we~e reduced to deteriorate heat resistance when the amounts l 

exceeded 5. 0 mole percent. 

It has further been recognized that the electromechanical 

coupling factors Kp were reduced when the rates z of Ti exGeeded 

54 mole percent, while the Curie temperatures were reduced to 

deteriorate heat resistance when the rates z were less than 45 

mole percent. 

Comparing an inventive sa~ple (e.g., the sample No. 2) with 

the comparat~ve sample No .. 1 which was out of the scope of the 

present invention, it is understood from Table 1 that the 

specific resistanc~ (resistivity) p of the sample No. 2 

according to Example 1 of the present invention was smaller by at 

.--- ----·--
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least 1 figure than that of the comparative sample No. 1 

containing no Mn. 
. 

As to the inv~ntive sample No. 2, elements existing in 

grains and grain boundary were analyzed·with an anal~tical 

electron microscope. Figs. 1 and 2 illustrate the energy 

dispersive X-ray spectra of grain and grain boundary. 

It is understood from Figs. 1 and 2 that Mn which was 

introduced into the sample No. 2 by diffusion was distributed in 

the grain boundary with higher concentration than that in the 

grain of the piezoelectric ceramics. In other words. it is . 

understood that the specific resistance (resistivity) p of this 
. . 

piezoelectric ceramics was reduced due to such uneven 

distribution of Mn in the grain boundary of the piezoelectric 

ceramics. 

It is also understood that the changes 6 Fr and .Fa of the 

resonance and antiresonance frequencies Fr and Fa after heating 

were extremely' reduced as the result of such reduction of the 

specific resistance p. as shown in Table 1. Further. the 

mechanical quality factor Qmp of the sample No. 2 was 

substantially identical to that of the sample No. 1 containing no 

Mn, while its electromechanica~ coupling factor Kp was 

considerably larger than that of the sample No. 1. Thui, it is 

understood that the characteristics of the sample No. 2 were 

improved also in these points. 

When the amount of Mn is less than 0.005 percent by weight 

-------- ----------------
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in terms of Mno2 : sufficient effects cannot be attained as to 

improvement of the characteristics such as the specific 

resistance (resistivity) p and tne frequency changes . .AFr and 

AFa, while the mecqanical quality factor Qmp and the frequency 

5 changes .AFr and .AFa are disadvantageously increased wh~n the 

amount of Mn exceeds 0.9 percent by weight. Therefore, the 

I 
' 

amount of Mn is preferably in a range of 0.005 to 0.9 percent by 

weight in terms of Mn02 . 

Example 2 

Respective raw materials of PbO, SrC03 • Ti02 , Zro2 • Sb2o3 , 

Nb 20 5 , wo3 and Ta 2o 5 for forming piezoelectric ceramics were 

weighed out to attain compositions shown in Table 2, and wet-

blended in a ball mill. The as-obtained mixtures were subjected 

to steps absolutely identical to those of Example 1, to obtain 

vibrator samples of polarized piezoelectric ceramics. As to 

these samples, the respective characteristics. i.e., specific 

resistance values p. electromechanical coupling factors Kp, 

mechanical quality factors Qmp, temperature coeffieicnts (Fr-TC) 

of resonance frequencies Fr and changes .AFr and .AFa of resonance 

and antiresonance frequ~ncies Fr and Fa were measured sim{larly 

to Example l .. Table 2 shows th.e results. 

Refe.rring to Table 2 •. symbols~· ~· _!!, z, tt. and f3 represent 

respective components and rates of addition thereof in the 

following formula (2) respectively: 
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Namely. ~represents types of the elements (at least one of 

ca, Sr and Ba) substituting for Pb a·nd ~ rep:esents rates (mole 

percent) thereof. while B represerrts types o.f the additives (at 

least one of Sb 2o3 , Nb 2o5 . wo 3 and ra2o5 ). and ~·represents rates 

5 {percent by weight) thereof. Further,! represents rates (mole 

percent) of Ti, while a represents contents (percent by weight) 

of Mn02 . 

Referring to Table 2, asterisks (*) show.comparative 

samples of piezoelectric ceramics; which were out of the scope of 

the present invention. 

It has been recognized from the results of measurement of 

the respective samples shown in Table 2 and other samples (not 

shown in Table 2} that the temperature coefficients Fr-Tc.were 

disadvantageously increased when the amounts of replacement 

5 with A {Sr, Ba and/or Ca) were less than 0.1 mole percent, while 

the Curie temperatures were reduced and the changes Afr and AFa 

of the resonance and antiresonance frequencies Fr and Fa after 

heating were increased to deteriorate heat resistance, when the 

amounts of replacement with A· .. (Sr, Ba and/or Ca) exceeded 8 mole 

percent in total. 

I 

It has also been recogni~e~ that the Curie temperatures 

were reduced to deteriorate heat resistance when the amounts p of 

B (Sb0 2 . Nb 2o5 , wo 3 and/or Ta 2o5 } exceeded 2.9.mole percent. 

It has further been recognized that the electromechanical 

coupling factors Kp were reduced when the rates z of Ti exceeded 

- 13 -
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54 mole percent, while the Curie temperatures were reduced to 

deteriorate heat resistance when the rates z were less·than 45 

mole percent. 

Comparing an inventive sample {e.g., the sample No. 22) 

5 with the comparative sample No. 21 which was out of the scope of 

the present invention, it is understood from Table 2 that the 

specific resistance (resistivity) p of the sample No. 22 

according to Example 2 of the present invention was smaller by at 

least 1 fugure than that of th~comparative sample No. 21 

containing no Mn. 

· As to the inventive sample No. 22, elements existing in 

grains and grain boundary were analyzed with an analitical 

electron microscope. Figs. 3 and 4 illustrate the energy 

dispersive X-ray spectra of grains and grain boundary. 

It is understood from Figs. 3 and 4 that Mn which was 

introduced into the sample No. 22 by diffusion was distributed in 

the grain bounaary with higher concentration than that in the 

grain of the piezoelectric ceramics. In other words, it is 

understood that the specific resistance {resistivity) p of this 

piezoelectric ceramics was reduced due to such uneven 

distribution of Mn in the graiQ boundary of the piezoelectric 

ceramics. 

It is also understood that the changes AFr and.AFa of the 

resonance and antiresonance frequencies Fr and Fa after heating 

.were extremely reduced as the result of such reduction of the 
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specific resistance p. as shown in Table 2. Further, the 

mechanical quality factor Qmp of the sample No. 22 was 

substantially identical to that of the sample No: 21 containing 

no·Mn. while its electromechanical coupling factor Kp was 

5 considerably larger than that of the sample No. 21. Thus, it is 

understood that-the characteristics of the sample No. 22 were 

improved also in these points. 

When the amount of Mn is less than 0.005 percent by weight 

in terms of Mn02 , sufficient ef-fects cannot be attained as to 

o improvement of the characteristics such as the specific 

resistance (resistivity) p and the frequency changes .o.Fr and 

AFa, while the mechanical quality factor Qmp and the frequency 

changes .o.Fr and .o.Fa are disadvantageously increased when the 

amount exceeds 0.9 percent by weight. Therefore, the amount of 

Mn is preferably in a range of 0.005 to 0.9 percent by weight in 

terms of Mno2 . 

Although ~he present invention has been described and 

i~lustrated in detail. it is clearly understood that the same is 

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 1 imi ted Qnly by the terms... of the appended claims. 
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Sample · A 
No. 

* 1 Sr 

2 ~r 

3 Sr 

4 Sr 

5 Sr 

6 Sr 

7 Sr 

8 · Ba,Ca 

* 9 Sr 

*.10 Sr 

* 11 Sr 

* 12 Sr 

13 Sr 

* 111 Sr 
I I * 1s -

x B y 
(rnoH) (moU) 

1.0 Ce 3.0 

1.0 Ce· 3.0 

1.0 Pr 3.0 

1.0 Nd 3.0 

5.0. Sm 1.0 

5.0 Eu 1.0 

I 5.0 Gd 1.0 

1.0 each Ce,Nd, 1.0 each 
· 2.0 in Sm 3.0 in 

total total 

1.0 La 6.0 

10.0 La 2.0 

1.0 La 1.0 

1.0 La 1.0 

3.0 ·La 2.0 

3.0 La 2.0 

- - -

Table 1 

z a p Kp Qrnp Fr-TC ~Fr ~Fa 
(rnol%) (% by 

weiaht) (0 ·cm) (%) ~ppm/.C) (kHz) (kHz) 

49.0 . - 2. 1x1012 54.3 91 20 3.46 -5.48 

49.0 o. 1 4.7x1010 57.6 94 55 0.46 -0.77 

52.0 o. 1 5.1x1010 48.2 98 -10 0.32 -0.57 

52.0 0. 1 5.5x1010 49.7 99 -25 0.26· -0.61 

49.0 0., 4.3x1010 47.5 1.00 -90 0.64 -0.84 

49.0 o. 1 4.3x1010 48. 1 98 -95 0.74 -0.81 

49.0 0.1 4.2x1010 47.6 97 -95 0.68 -0.79 . 
1n.o 0.2 5.4x1010 59,3 87 -90 0.9, -0.98 

49.0 0.1 8.8x1010 61.2 70 -110 1.86 -3.86 

119.0 o. 1 5.1x1010 50.1 92 -170 1.43 -2.97 

44.0 o. 1 7.5x10l0 42. 1 77 -440. 3.41 -4.26 . 
55.0 o. 1 7 .2x1010 32.5 95 -120 0.22 -0.52 

50.0 0.5 2. 1x1010 49. 1 75 20 -0.31 -0.99 

50.0 1. 0 II. Sx 1OI 1 113.2 280 240 -1.26 -5.75 

118.0 o. 1 2.3xl010 ljlj,3 105 470 :....2.44 -4.57 
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Sample 
No. 

*21 

22 

23 

*211 

25 

26 

*27 

*28 

. 29 

*30 

31 

*32 

*33 

~~------................. _.._....__,,., .. ~, 
'l'abl~ 2 

A x z B . f) a 
(mol%) (mol%) (% by 

weight) 
(% by 
weiizht) 

Sr 2.0 49.0 Nb 1.0 -
, 

~r 2.0 49.0 Nb 1.0 0. 1 

Sr • 5.0 52.0 Nb 1.0 o. 1 

Sr . 10.0 52.0 Nb 1.0 . o. 1 

Ba,ca 1 .O each 49.0 Ta,Sb, 0.4 each 0.1 
2..0 in· w 1.2 in 

total total 

Sr . 1 .o 52.0 Ta 2.0 o. 1 
i 

Sr 1.0 . 52.0 Ta 3.0 0.1 

Sr 1.0 114.0 · Nb 1.0 o. 1 

Sr 2.0 47.0 Nb 0.5. 0.2 

Sr 2.0 55.0 Nb 1.5 0.2 

Sr 2.0 49.0 Nb 0.5 0.5 

Sr 2.0 49.0 Nb 0.5 1.0 

- - 48.0 - - 0. 1 

• 1 

() Kp Qmp Fr-TC 6Fr ti Fa 
( n . cm) (%) (ppm/•c) (kHz) (kHz) 

3.6x1010 52.1 104 45 1.87 -3.65 

5.9x10l0 54.2 109 85 0.58 -0.81 

6.2x10l0 44.6 115 -50 o.65 -0.84 

6.3x10l0 41.3 118 -110 1.35 .-2.69 

4 .9x1010 50.8 108 -75 0.89 -0.97 

8.7x10l0 55. 1 97 -95 0.78 -0.97 
' 

2.4x1010 57. 1 94 -180 1.9~ -2.67 

5,2x1010 111. 1 . 96 -210 2.46 .. -3.56 

5.8x1010 59.8 86 -80 0.94 -0.89 

8. 2x1o10 35.4 124 -:-160 0.22 -0.64 

4. lxlQIO 43.8 136 -20 -0.41 . -0.99 
. 

5.2X1010 37.5 235 140 -1.34 -4.67 

2.3x1010 ll4.3 105 470 -2.44 -1L57 
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WHAT IS CLAIMED IS: 

1. Piezoelectric ceramics being expressed in PbZr 1_zTi 2 o3 • 

where z = 0.45 to 0.54. 0.1 to 8 mole percent of said Pb atoms 

5 being replaced with at least one element selected from Ca, Sr and 

Ba, 

said piezoelectric ceramics containing Mn in a range of 

0.005 to 0.9 percent by weight of the whole in terms of Mno 2 . 

0 2. Piezoelectric ceramics in accordance with claim l, 

wherein up to 5.0 mole percent of said Pb atoms is replaced with 

at least on~ element selected from a group of La, Ce, Pr, Nd, Sm, 

Eu and Gd. 

3. Piezoelectric ceramics in accordance with claim 2, 

wherein said Mn is contained by diffusion. 

4. Piezoelectric ceramics in accordance with claim 3, 

wherein said Mn exists in a bouridary region with higher 

concentration than that in ceramic particles of said 

piezoelectric ceramics. 

5. Piezoelectric ceramics in accordance with claim l, 

wherein said at least one element selected from Sb, Nb, W and Ta 

is contained in a range of up to 2.9 percent by weight in terms of --------
liiiif - 1 B -
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6. Piezoelectric ceramics in accordance with claim 5, 

wherein said=Mn i~ cont~inedby diffusion. 

7. Piezoelectric ceramics in accordance with claim 6, · 

5 wherein said Mn exists in a boundary region with higher 

concentration than that in ceramic particles of said 

piezoelectric ceramics. 
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