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TITLE OF THE INVENTIQN
Piezoelectric Porcelain

BACKGROUNb OF THE INVENTION

- Field of the Inventién_

5 The present invention relates to piezoelectfic
porcelain which is applied to a piezoelectric element such

‘as a ceramic filter, a speéker, a microphone, a buzzer or a

sensor.
Description of the Background Art

10 In general, piezoelectric porcélain which is applied to
a ceramic filter or the like is mainly composed of lead
titanate zirconate (Pb(Tierhx)Og); Slight amounts of
various additives are added to such piezoelectric porcelain,
in order to improve its piezoelectricity.

15 A piezoelectrid material which is basically composed of
Pb(Mg,,3Nb,,3)0,-PbTi0;~PbZr0;, known as one of lead titanate
zirconate materials, is generally_prepared by mixing oxide
raw materials sﬁch as lead oxide, zirconium oxide, titanium
oxide, magnesium oxide and niobium pentoxide 'with each other

20 to attain a prescribed stoichiometric composition, mixing

and dlspers1ng the same in a ball mill or the like,

: RN LELE (I

therégfter*calclﬁlﬁ§ t&e mlﬁpure at a prescribed

temperature, crushing the mixture and mixing the same with a

églnde;” mpldlng Eﬁg mixturqglnto a prescribed shape, firing

# =g r-"-.‘_-‘

’25 aﬁh&}saﬁe»atﬁa hlgﬂ’temperaéﬁre of at least 1200°C to make
b
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in"orde} to inprove its piezoelectricity. ‘15 A piezoelectric

material which is basically conposed of [err] known as oneqf §ad, Litamater
zirconate materials, is generally prepared by m xi ng oxi de ré“igp SgééégEN’
such as |.ead oxide, zirconium oxide, titanium oxide, nmag :

ni obi um pentoxide with each other 20 to attain a prescribed _
stoi chionetric conposition, mxing and dispersing the sane in a ball mll

or the like, thereafter calcining the nmixture at a prescribed tenperature,,
crushing the mxture and U1X|ng the same with a binder, nmolding the nixture

nto @ preserifed shane, L1028 pollle 23 2he?sPhEBLgBERgI Ve O A

When such plezoelectrlc porcelain is applied to an
lelectromechanical transducer element such as a speaker or a
micréphone requiring a high output voltage and a flat |

5 frequency response, it is desirable that the material itself
has a large elecfromechanical coupling factor and a high
dielectric constant, in order to incréase the eléctrostatié
capacitance of the element.

'Japanese Patent Publication No. 44-17103 (1969)

10  describes Pb(Mg,,;Nb,,;)0;-PbTi0;-PbZr0, porcelain as
piezoelectric pofcelaiﬁ which attains the aforementioned
object. However, the electromechanical coupling factor of
the piezoelectric porcelain described in this gazette is too
small to completely solve the problem.

15 When the width between attenuation poles depends on the
electromechanical coupling factor in a filter which is
prepared from piezoelectric porcelain for serving as an
electromechanical transducer element, the material desirably
has a large electromechanical coupling factor and a small

20 mechanical quaiity factor. Howgver; the piezoelectric
porcelain described in Japanese Patent Publication No. 447
17103 is insufficient in electrémechanical coupling factor
and mechanical quality factor.

SUMMARY OF THE INVENTION

25 An object of the present invention is to provide

(T
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2 5|nter|ng reaction, and polar|2|ng the sintered body. Wen-such _
plezoelectrlc porcelaln is applied to an el ectronechanic asdycer '
el enent ‘such as a speaker or a nm crophone requi ring a hi gRHEUEPLET MAk HRER ]'
and a flat 5 frequency response, it is desirable that &he nutéanatgltsel
has a | arge el ectronmechani cal coupling factor and a high GrefecErre =]
constant, in order to increase the el ectrostatic capacitanece of the '

el enent. Japanese Patent Publication No. 44-17103 (1969) 10 = descri bes
[err] porcelain as piezoelectric porcelai'n which attains the aforementioned

obj ect . Fbmeﬁfézoéfgcﬁffgtﬁgfggfggﬂcﬁﬂvfﬁﬁ”ﬁ -df @ -cHomechanical

coupling'factor, a small mechanical quallty factor and a
high dielectric constant, which can broaden the band of a
filter and is applicable to a speaker, a microphone, a

5 buzzer or:a sensor.

The piezoelectric porcelain according to the present
invention is a lead-containing composite oxide which is
expressed in a general formula anx(Ci'beI_Y)O3—bexTiO3-
cherO3,_with a, b and c being in the following ranges

10 respectively:

1.0 £ a £ 12.0

40.5 = b < 49.0

39.0 = ¢ < 58.5
where a, b and ¢ are in units of mole $ and a + b + ¢ = 100,

15 and X and y being in the following ranges respectively:

0.95 s x 5 1.01

2/24 <y < 11/24

The value of the component a in aPb,(Cr,Nb,_, )O; is
selected frdm the range of 1.0 < a < 12.0, prefeiably from

20 the range of 2.0 < a £ 10.0, aﬁd more preferably from the
range of 3.0 < a £ 9.0. If the value of a is too small or
large, the electromechanical co;pling factor and the
dielectric constant are reduced and the mechanical quaiity

factor is increased.
—
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t he piezoelectric porcelain described in this gazette is too small - to
conpletely solve the problem 15 = . When the w dth between attenuation
pol es depends on the el ectronechani cal coupling factorifm arrter— S
prepared from piezoel ectric porcelain for serving ds at BW§§§ﬁ§ﬁéﬁﬁ%ﬁE@&l
transducer elenment, the material .desirably has a |argeielectPonethzi cal
coupling factor and a small 20 "nechanical quality factor. However, the
pi ezoel ectric porcelain described in Japanese Patent Publication No. 44-
17103 is insufficient i'n el ectromechanical coupling factor and nechani cal

quality factor. SUMVARY OF THE | NVENTI. ON 25 . An_obj ect gf thg pr esent
invention is to gpgvp@éue of the component b in bPb,TiO; is selecte

from the range of 40.5 < b < 49.0, preferably from the rénge
of 43.0 < b < 48.0, and more preferably from the range of
43.0 < b < 27,0.' If the value of b is too small or large,

5 the electromechanical coupling factor and the dielectric

constant are reduced.

The value of the component c in cPb,Zr0Q, is selected
from the range of 39.0 < ¢ < 58.5, preferably from the range
of 47.0 £ ¢ £ 52.0, and more preferably from the range of

10 48.0 < c € 52.0. If the value of c is too small or large,
the electromechanical coupling factor and the dielectric
constant are reduced and the mechanical qﬁality factor is
increased.

The value x indicating the rate of the Pb component is

15 sélected from the range of.0.95 < x £ 1.01, preferably from
the range of 0.96 < x < 1.00. If the value of x is too
small or large, the electromechanical coupling factor and
the dielectric consfant are reduced.

The value of y indicating the ratio of Cr to Nb is

20 selected from the range éf 2/24 £y < 11/24, preferably from
the range of 5/24 < y < 10.5/24, and more preferably from
the range of 6/24 < y < 10/24. 'if the value of y is too
small or large, the electromechanical coupling factor and
the dielectric constant are reduced and the mechanical

25 quality factor is increased.

-
t
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REPLACEMENT SHEET 3, piezoelectric porcelain having a |arge
el ectromechani cal coupling factor, a small nechani cal quali
hi gh diel ectric constant, which can broaden t-he band of a f
appki cabl-e to a speaker, -a m crophone, a5 buzzer or a sens
pi ezoel ectric porcelain according to the present invention is a
| ead- cont ai ni ng conposi te oxi de which is expressed in a general formula
[err] [err], with a, b and c¢c being in the follow ng ranges 10

respectively: : : ' '

In the piezoélectric porcelain acqording to the'present
invention, not more than 11 mole %{ pféferably not more than
5 mole %, of the Pb component can be substituted by at least
one element of Sr, Ba.and'Ca. If the amount of the
5 substi;uted Pb component is too large, the electromechanical
coupling factor is reduced. It is possibie to attain
piezoelectric porcelain having a large electromechanical
coupling factor, a small mechanical quality factor and a
large dielectrié constant by substituting the Pb component
10 in the aforementioned range.
According to the present invention, it is possible to
obtain piezoelectric porcelain having piezoelectricity with
a large electromechanical coupling factor, a small
mechanical quality factor and a large dielectric constant,
15 thereby broadening.the band. Thus, the piezoelectric
porcelain according to the present invention can be applied
to a speaker, a microphone, a buzzer or a sensor.
The foregoing and other 6bjects,_features, aspects and
advantages of the present invention will becgme more
20 apparent from the following detailed description of the
present invention.
DESCRIPTION OF THE .PREFERRED EMBODIMENTS
Lead oxide, zirconium oxide, titanium oxide, chromium
oxide and niobium oxide were prepared as raw materials, and

25 mixed with each other at composition ratios shown in Tables -

-5 -
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1,0 [err] a [err] 12.0 40.5 [err] b [err] 49.0 39.0 [err] c [err] 58.5
where a, b and ¢ are in units-of nole %and a + b + ¢ =—20Q, 15 and x and
y being in the follow ng ranges respectively: 0.95 [err]=%,
[err] y [err] 11/24 The val ue of .the conmponent a in [ern] !
the range of 1.0 [err] a[err] 12.0, preferably fron12@-=&ﬁg§iul
[err] a 5 10.0, and nore preferably fromthe range of 3.0 5 a [erTT J f
the value of a is too small or large, the el ectronechanical coupling f act or
and the dielectric constant are reduced and the nechani cal quallty factor

i s increaseq. ¢o 3. The mixed raw materials were wet-blended in a ball

mill, demineralized, dried, and calcined-at 800 to 1000°C
for 2 hours. The calcined powder materials were again wet-
blended in a ball mill, thereby preparing powder materials.
-5 Then caklng additives such as water or polyv1nyl
alcohol were added to the powder materials, which in turn
were press-molded and thereafter fiTed at 1110 to 1320°C for
2 hours, thereby obtaihing sintered bodies.
The obtained sintered bodies were polished into discs
10 of 10 mm in diameter and 1 mm in thickness, and silver
electrodes weie baked on both end surfaces of the discs.
These discs were polarized in insulating oil of'60 to 80°C
for 10 to 60 minutes in electric fields of 2.5 to 4 kV/mm,
to obtain piezoelectric porcelain samples.

15
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4 -The' val ue of the conponent b in bPbTi03 is selected fromthe range of
40.5 [err] b [err] 49.0, preferably fromthe range of 43.0 L -
48.0, and nore preferably fromthe range of 43.0 [err] b ffE ik AT HAS ERR

- value of b is too small or large, 5 t he el ectromechani cal couplkngiﬁﬁct

and the dielectric constant are reduced. The. value of thdl I'n

cPbZr3 is selected fromthe range of. 39.0 [err] c [err] 58. 5, - preferably
fromthe range of 47.0 [err] c [err] 52.0, and nore preferably fromthe

range of 10 48.0 [err] c [err] 52.0. |If the value of ¢ is too small or
large, | Table 1 :
Sample aPb, (Cr,Nb, ) 0,~bPb,Ti0,~cPb,Zr0,
e a b c x Substitutional | y
molg | mol% mol% _ Element for Pb
(mol%)
Sr Ba Ca
1* 5.0 [40.0*% {55.0 |1.00 0.0 0.0 0.0 8/24
2 5.0 40.5 54.5 1.00 0.0 0.0 0.0 8/24
3 5.0 45.5 |49.5 1.00 0.0 0.0 0.0 8/24
4 5.0 49.0 |46.0 1.00 0.0 0.0 0.0 8/24
5% 5.0 50.0*% | 45.0 1.00 0.0 0.0 0.0 8/24
6% 5.0 45.5 49.5 0.94%* 0.0 0.0 0.0 8/24
7 5.0 45.5 49.5 0.95 0.0 0.0 0.0 8/24
8 5.0 45.5 49.5 1.01 0.0 0.0 0.0 8/24
g% 5.0 45.5 49.5 1.02% 0.0 0.0 0.0 8/24
10* 0.5% |45.5 |54.0 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
11 - 1.0 45.5 53.5 1.00 0.0 0.0 0.0 8/24
12 12.0 45.5 42.5 1.00 0.0 0.0 0.0 8/24
13* 13.0*% | 45.5 41.5 1.00 0.0 0.0 0.0} 8/24
14%* 1.0 40.0*% | 59.0* {11.00 0.0 0.0 0.0 8/24
15% 1.0 50.0% [ 49.0 1.00 0.0 0.0 0.0 8/24
16%* 12.0 40.0* 1 48.0 1.00 0.0 0.0 0.0 8/24
17% 12.0 50.0* [38.0*% |1.00 0.0 0.0 0.0 8/24
18* 5.0 45.5 149.5 1.00 0.0 0.04 0.0 1/24*
19 5.0 |45.5 }49.5 1.00 0.0 0.0 0.0 2/24
20 5.0 45.5 49.5 1.00 0.0 0.0 0.0 8/24
21 5.0 45.5 49.5 1.00 0.0 0.0 0.0 |11/24
22% 5.0 45.5 49.5 1.00 0.0 0.0 0.0 |12/24%
- 7 - Sheet Has Been Rerlaced
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t he el ect ronechani cal coupllng factor and the dlelectrlc constant are
reduced and the nechanical quality factor.is increased. [fFRe=ws

i ndi cating the rate of the Pb conponent is 15 sel ect eg
0.95 [err] x [err] 1.01, preferably fromthe range of 096
~1.00. If the value of x is too small or large, the el ectOnE
coupling factor -and the dielectric constant are reduced. The value of y
indicating the ratio of C to Nb i-s 20 selected fromthe range of 2/24
[err] y s 11/24, preferably fron1theT%@ of 5/24 [err] y [err] 10.5/ 24,
and more preferably fromthe range of err] y {err] 10/24. |If the _
value of y is too spall or large, the el ertrorrprhani cal coupling factar and

'{'Tle— ’H,Q.@ "
ef: ﬁf:ﬁ; {:@%r ]_H

t he diel ectf b%i:cgq@st ant are re(}}g:e(dcgr}&t h)eonelgg%n 68 ~cPb 710,
a | b c X Substitutional v
molg |mol% |mol% _ Element for Pb
(mol%)
Sr Ba Ca
23% 5.0./40.0%|55.0 |0.99 |[2.0 |0.0 }0.0 8/24
24 5.0 |40.5 54.5 0.99 2.0 0.0 0.0 8/24
25 5.0 143.5 |51.5 |0.99 |2.0 0.0 0.0 | 8/24
26 5.0 |44.5 |50.5 |0.99 |2.0 0.0 0.0 8/24
27 5.0 }46.5 {48.5 |0.99 2.0 |0.0 0.0 8/24
28 5.0 |47.5 |47.5 (0.99 2.0 0.0 0.0 8/24
.29 5.0 }49.0 [46.0 |0.99 2.0 0.0 0.0 8/24
30% 5.0 |50.0%145.0 |0.99 2.0 0.0 0.0 8/24
31* 5.0 }45.5 49.5 0.94* 2.0 0.0 0.0 8/24
32 5.0 {45.5 49.5 10.95 2.0 0.0 0.0 8/24
33 5.0 |45.5 49.5 10.96 2.0 0.0 0.0 8/24
34 5.0 |45.5 [49.5 |0.98 |2.0 0.0 0.0 8/24
35 5.0 |45.5 {49.5 }11.00 |2.0 0.0 0.0 8/24
36 5.0 |45.5 {49.5 j1.01 2.0 0.0 0.0 8/24
37% 5.0 [45.5 {49.5 11.02*%}2.0 0.0 0.0 8/24
38%* 0.5%145.5 [54.0 [0.99 2.0 0.0 0.0 8/24
39 1.0 }45.5 53.5 10.99 2.0 0.0 0.0 8/24
40 3.0 |45.5 51.5 }0.99 2.0 0.0 0.0 8/24
41 7.0 |45.5 }47.5 }0.99 2.0 0.0 0.0 8/24
42 9.0 |45.5 |45.5 ]10.99 2.0 0.0 0.0 8/24
43 12.0 |45.5 |42.5 |0.99 2.0 0.0 0.0 8/24
44* |13.0% |45.5 [41.5 }(0.99 2.0 0.0 0.0 8/24
45% 1.0 40.0*% | 59.0% | 0.99 2.0_10.0 0.0 8/24
46%* 1.0 50.0*% |49.0 |0.99 2.0 0.0 0.0 8/24
47* 12.0 140.0*%]48.0 [0.99 2.0 0.0 .]10.0 8/24
48% 12.0 50.0% {38.0* | 0.99 2.0 0.0 0.0 8/24
49% 5.0 |45.5 [49.5 |0.99 2.0 0.0 0.0 1/24%*
50 5.0 |45.5 |49.5 ]0.99 2.0 0.0 0.0 2/24
51 5.0 45.5 |49.5 (0.99 2.0 0.0 0.0 4/24
52 5.0 |45.5 |49.5 [0.99" 2.0 0.0 0.0 6/24
53 5.0 {45.5 |49.5 {0.99 2.0 0.0 0.0 8/24
54 5.0 |45.5 }49.5 }0.99 2.0 0.0 0.0 10/24
55 5.0 |45.5 |49.5 {0.99 |2.0 0.0 0.0 11/24
56% 5.0 [45.5 (49.5 (0.99 2.0 0.0 0.0 12/24%
_—
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25 - quality factor is increased. 5 1n the piezoelectric porcelain
aceording to the present invention, not nore than 11 nole % preferably not
nmore than 5 nole % of the Pb conponent can be substituted by at | ea .
-elenent of Sr, Ba and Ca. |If the anount of the 5 subsg=taEed P
is too large, the el ectronechanical coupling-factor- |s.‘ 3 Sl
possible to attain piezoelectric porcelain having a |arge eIeEtI _,“;_
coupling factor, a small -mechanical quality factor and }“ ar ge dielectric
constant by substltutlng t he Pb conponent

Table 3
Sazple aPb, (Cr,Nb, )0,-bPb,TiO,-cPb, ZrO,
o a . b Cc X Substitutional y
molg |mol% |mol% Element for FPb
(mol%)
Sr Ba Ca
57 5.0 {45.5 {49.5 |0.99 4.0 0.0 0.0 8/24
58 5.0 {45.5 | 49.5 |0.99 6.0 0.0 0.0 8/24
59 5.0 |45.5 | 49.5 |0.99 8.0 0.0 0.0 8/24
60 5.0 |45.5 | 49.5 |0.99 |11.0 0.0 0.0 8/24
61%* 5.0 |45.5 {49.5 {0.99 |12.0% | 0.0 0.0 8/24
62 5.0 |45.5 |49.5 |0.99 |-0.0 2.0 0.0 8/24
63 5.0 |45.5 [ 49.5 |0.99 0.0 6.0 0.0 8/24
64 5.0 {45.5 {49.5 |0.99 0.0 J11.0 0.0 8/24
65%* 5.0 | 45.5 | 49.5 |[0.99 0.0 |12.0*] 0.0 8/24
66 5.0 |45.5 |49.5 [0.99 0.0 0.0 2.0 8/24
67 5.0 |45.5 |49.5 {0.99 0.0 0.0 6.0 8/24
68 5.0 |45.5 [49.5 |0.99 0.0 0.0 |11.0 8/24
69* 5.0 |45.5 [49.5 |0.99 0.0 0.0 [12.0*% | 8/24
70 5.0 |45.5 149.5 10.99 3.0 3.0 0.0 8/24
71 5.0 |45.5 | 49.5 |0.99 3.0 0.0 3.0 8/24
72 5.0 {45.5 | 49.5 [ 0.99 0.0 3.0 3.0 8/24
73 5.0 |45.5 [49.5 |0.99 4.0 4.0 3.0 8/24
74% 5.0 |45.5 {49.5 |0.99 4.0%| 4.0% 4.0% | 8/24

Referring to Tables 1 to 3, asterisked numerals denote

comparative samples which are out of the inventive ranges.

-9 - This Sheet Has Been Reﬂlaced
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10 . in the aforenmentioned range. According to the present invention, it is
possi bl e to obtain piezoelectric porcelain having piezoel peteigit) mnth a

| arge el ectronechani cal coupling factor, a snmall nmechani gp AVRNR- 10
and. a large dielectric constant, 15 thereby'broadening
" the piezoelectric porcelain according to the present inve '
applied to a speaker, a nicrophone, a buzzer or a sensor. The fore90|ng a
ot her objects, features, aspects and advantages of the present invention

“wi |l becone nore 20 apparent fromthe foll ow ng detail ed description of

Lhe bresent ugiusnlin.« DESCRET YOk ot P EEHRER (RHREPLARES bgad oxi de.

Z|rcon|un1OX| chro
asterisked components are out of the inventive ranges.

Dielectric constants ( €,,"/€&,), electromechanical coupling
factors (Kp) of vibratidn.in'éxpansion directions, and
mechanical quality factors (Qm) were measured as to the
obtained piezoelectric porcelain samples. An impedance
measuring device was employed to measure the dielectric
constants at a measuring frequehcy of 1 kHz while measuring
the electromechanical coupling factors of the yibration in the
expansion directions by a resonance/antiresonance method.

Tables 4 to 6 show the results.

his Sheet Has Been Replaced
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oxi det and ni obi unt oxi de were prepared as raw materials, and 25 m xed with
each other at conposition ratios shown in Tables REPLACENMENT SHEET 6 1
to 3. The mxed raw materials were wet-blended in a-ballff _

dem neralized, dried, and calcined at 800 to 10000C for Tﬁ’(’ﬁleEEﬂ-hﬁ
cal ci ned povvder materials were again wet- blended in a |l mvﬁ?mbﬁgre
preparing powder materials. 5 Then, caki.ng additives
or pol yvinyl alcohol were added to the powder materials, which in turn vere
pr ess- nol ded and thereafter fired at 1110 to 1320[err]C for

Table 4
Sample " Electric Characteristics
No. 5 :
8331/ €, Kp (%) Qm
1% 320 50.6 - 152
2 405 53.3 “ 144
3 2073 65.2 131
4 1041 53.4 172
5% 689 48.6 183
6% 996 51.7 183
7 1523 55.4 174
8 1786 53.2 99
9% 1359 39.6 52
10%* 312 48.2 437
11 841 " 54.7 346
12 1703 55.0 106
13% 1442 . 51.9 121
14% 249 49.5 369
15% 641 47.1 426
16* 309 ' 50.6 141
17% 577 47.6 164
18* 1391 49.5 258
19 1681 53.5 174
20 2073 66.7 ) 114
21 . 1658 57.7 334
22% 1546 " 54.5 " 408

" This Sheet Has Been Reﬂ
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2 hours t her eby obtaining sintered bodies. The obtai ned-sint
wer.e pollshed into discs 10 of 10 mmin dianmeter and Ij-myd T Sa.
and sil'ver el ectrodes were baked on both end surfaces- of e é%lAghga ]

di scs. were polarized in insulating oil of 60 to 800C fo %0%&$nutes
inelectric fields of 2.5 to 4 kV/nm to obtain pi ezoel ectric porte

sanples. 15 7 Table 1 Sanple- s . [err]
Table 5
Sample _ Electric Characteristics

No.

€337/ €y Kp (%) Qm
23* . 490 52.5 130
24 521 54.6 125
25 1128 68.8 122
26 2014 70.0 118
27 1900 _ 62.6 143
28 1584 58.5 153
29 1186 ~ 54.8 157
30* 852 50.3 161
31%* 1154 53.3 . 161
32 1671 56.7 158
33 1802 59.4 155
34 2061 63.8 146
35 2196 66.5 114
36 1933 . 53.8 79
37% 1517 39.6 32
38%* 454 49.5 426
39 982 54.7 331
40 2224 ~ 67.6 183
41 2128 64.2 . 130
42 2019 58.9 124
43 1703 55.0 . 106
44* 1598 53.5 103
45% 403 51.2 355
46%* 794 48.7 405
47%* 451 51.9 119
48%* 726 49.2 . 151
49* 1547 51.2 246
50 1826 - 54.9 ' 155
51 2104 59.8 104
52 2192 . 63.6 107
53 2223 66.7 114
54 2038 . 62.2 209
55 1814 58.9 318
56% 1695 54.5 392

-, 12 - . This Sheet Has Been Rei aced
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Substi tuti onal

b - o X y mol % nol % nol % - _
Pb (rmol 9% Sr - Ba Ca 1* 5.0 40.0* 55{@@@::—_—@:&:::-,
8/24 2 5.0 40.5 54.5 1.00 - 0.0 OFHBS SHEED HASSBEEN

49.5 1.00 0.0 0.0 0.0 8/24 4 *5 0 *‘:4@-’*“@"%’346 0 T‘
0.0 0.0 8/24 5* 5.0 50.0* 45.0 150006 00—

6* . 5.0 45.5 49.5- 0.94* 0.0 0.0 0.0 8/24 7 5.0
0.95 0.0 -0.0 0.0 8/24 38 5.0 45.5 49.5 1.01
0.0 8/24 9* 5.0 45.5 49.5 1.02* 0.0- 0.0 0.0

Table 6

Sample Electric Characteristics
No- €,.7/ €, Kp (%) Qm
57 2204 63.8 145
58 2253 58.1 154
59 2261 57.0 155
60 2569 55.1 151
61% 2581 53.8 153
62 2146 66.2 112
63 2165 57.5 149
64 2310 54.8 152
65%* 2344 53.1 153
66 2042 65.3 101
67 2067 56.8 139
68 2322 54.6 143
69% 2359 52.7 145
70 2204 57.9 153
71 2159 57.3 147
72 2098 57.2 123
73 2306 54.6 150
74% 2339 52.9 155

As to the value of a in the general formula, it is

understood possible to obtain piezoélectric porcelain having a

large electromechanical coupling factor, a small mechanical

quality factor and a high dielectric constant 'in the inventive

range, particularly from the test data of the samples Nos. 10

to 13 and 38 to 44.

As to the values of b and c in the general formula, it is

understood possible to obtain piezoelectric porcelain having a

- 13 -
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10;-‘ 0.5 45.5 54.0 1.00 0.0 0.0 0.0 8/24 11 1 O 45 5

53..5 1.00 0.0 0.0 0.0 8/24 12 12.0  45.5 o]

0.0 0.0 8/24 13* = 13.0* 45.5 41.5 . 1.00 0.0 |pTens: QE@THAgkﬁﬁN
14, .~ 1.0 40.0* 59.0* 1.00 0.0 0.0 0.0 8/ 21 15*auFLA$F@
.50.0* 49.0 1.00 0.0 0.0 0.0 8/ 24 16* 12.0 T=HGT=1-06

0.0 0.0 0.0 8/24 17 12.0 50.0* 38.0* 1.00 0.0 0.0 0.0

8/ 24 18* 5.0 45. 5 49 5 1.00 0.0 0.0 0.0 "1/24* 19 5.0
45.5 49.5 1. 00 0.0 2/ 24 20 5.0 45.5 ~ 49.5

0o 0.0 H 713’ 2921’%&&%”%&%%@ copplha foer, i ghaly pdinanial, 24* |
quality factor and a hlgh dielectric constant in the inventive
ranges, particularly-from the test data of the samples Nos. 1
to 5, 14 to 17, 23 to 30 and 45 to 48.

As td the value of x in the general formula, it is
understood pbssible to obtaih piezoelectric pordelain héving a
large electromechanical coupling factor, a small mechanical
quality factor and a high dielectric constant in the inventive
range, parficularly from the test data of the samples Nos. 6
to 9 and 31 to 37.

As to the value of y in the general formula, it is
understood possible to obfain piezoelectric porcelain having a
large electromechanical coupling factor, a small mechanical
quality factor and a high dielectric constant'in the inventive
range, particularly from the test data of the samples'Nos. 18
to 22 and 49 to 56.

As to the rate of substitution of the Pb component by Sr,
Ba or Ca, it is understoéd possible to obtain piezoelectric
porcelain having a 1arge.electromechanica1 cpupling factor, a
small mechanical quality factor and a high dielectric constant
in the inventive range, particuiarly from the test data of the
samples Nos. 57 to 74. i

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same
is by way of illustration and ekample only and is not to be

- 14 - —_—
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8 .Table 2 Sanple ~[err] No. a b c
Substi tutional nol % nol % nol % El ement for.
Ca'23*. 5.0 40.0* 55.0 0.99 2.0 0.0 0.0 . 8/24 )
54.5 0.99 2.0 0.0 0.0 8/ 24 25 5.0 43.5 b51. 5; 09§:§
.0.0°- 8/24 26 5.0 44.5 50.5 0.99 2.0 0.0 0:0 — 8724

taken by way of limitation, the spirit and scope of the
present invention being limited only by the terms of the

appended claims.

\
This Sheet Has Beg,

S



.99 2.0 0.0 0.0 8/ 24 28 5.0 47.5 47.5

8/24 29 ° 5.0 49.0. 46.0

| 9 9
49.5 0.94* 2.0 O
5

0-99—2 0 0.0 - - A=
. . i 5.0 45.5 49 95 =5 .
0.0  8/24 33 . 49\@|||Hm3mdﬂgﬂu|z 0O 00 O 24 ZHCED 5
455 49.5 0.98 2.0 O AN EEE 35 5.0 455 49.5 1.00 2
0.0 0.0 8/2436 50 455 49.5 1.01 2.0 0.0 0.0  8/24 37
5.0 45.5 49.5 1.02* 2.0 0.0 0.0  8/24 38~ 0.5* 45.5 54.0 0.99

20 0.0 fyfr rsBeRgrin gsl 0 45.5 53.5 0.99 2.0 0.0 0.0

27..'5.0 4 0

‘ 6.
0.99- 2.0 0.

48. 5

0.0

8/ 24 30 5.0 50.0* 45
0

0

5
0

T J Z.

8/ 24 40 .99 2.0 0.0. 0.0 8/ 24

l. Piezoelectric porcelain, being a lead-containing
composite oxide expressed in'a_geﬁeral formula anx(Cx}Nbb;)Oa-
bPb,Ti0;-cPb,%zr0;, with a, b and c being in the following 'ranges
respectively: |

1.0 £ a £ 12.0

40.5 < b £ 49.0

39.0 < c 5 58.5
where a, b and ¢ are in units of mole ¥ and a + b + ¢ = 100,
and x and y being in the following ranges respectively:

0.95 < x £ 1.01

2/24 <y < 11724

2. The piezoelectric porcelain in accordance with claim

1, wherein the value of a is in the range of 2.0 £ a < 10.0.

3. The piezoelectric porcelain in accordance with claim

1, wherein the value of b is in the range 0f.43.0 < b < 48.0.

4. The piezoelectric porcelain in accordance with claim

1, wherein the value of ¢ is in the range of 47.0 = ¢ < 52.0.

5. The piezoelectric pbrcelain in accordance with claim

1, wherein the value of x is in the range of 0.96 = x < 1.00.

- 16 - —_—
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41 - 7 7.0 4 5 0.0 8/ 24 42 9.0 45.5 45.5
0.99 2.0 .0 l]m mgi Mg 12 o 45.5 42.5 0.99.2.0 0.0 0.0
8/ 24 44* 13 0* 4 . ©0.0 0.0 . -8/24 0%
59.0* 0.99 2.0 0.0 8/24 46* 1.0 50.0* 49. : ’gg '
0.0 8/ 24 47* 12 o 40.0* 48.0.0.99 2.0 0.0 0.0 _8/ s Ezgm

50.0* 38.0* 0.99 2.0 .0.0. 0.0 . .8/ 24 49* 5.0 45.5 4§\5~<e~§99 2.0 ﬂ
0.0 .0.0 1/ 24* 50 5.0 45.5 49.5 0.99 2.0 0.0 0.0 o oESLd.
5.0 45.5 49;5, 0.99 2.0 0.0 0.0 4/ 24 52 5.0 45.5 49.5 0.99'

2.0 0.0 | 6rRd Egez8egsgt§1g Soaéglglﬁ 6ggai%?gaance w1tg g&alm

8/ 24 54 5 0 45 5. 49
' 1, wherein the value of y is in the range of 5/24 < y <

10.5/24.

7. The piezoelectric porcelain in accordance with claim
1, wherein not more than 11 mole % of -said Pb'component is

substituted by at least one element of Sr, Ba and Ca.

8. The piezoelectric porcelain in accordance with claim
1, wherein not more than 5 mole % of said Pb component is

substituted by at least one element of Sr, Ba and Ca.

_—
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55 . 5.0 45.5 49.5°0.99 2.0 0.0 0.0 11/ 24 -56* 5.0 45.5 49.5
0,99 2.0 0.0 0.0 12/ 24* 'REPLACEMENT SHEET Date 9 Tabl e 3 Sarrpl e.
[err] . No. a b Cc X Substltutlonal = ——t¥
El erent for Pb (nol %

ABSTRACT OF THE‘DISCLOSURE

Piezoelectricjporceléin is”é lead-containing composité
oxide which is expressed in a general formula aPb,(Cr,Nb,_ )0,-
bPb,Ti0,-cPb,Zr0,, with a, b and c being in the following ranges
reééectively:

1.0 = a £ 12.0

40.5 = b =< 49.0

39.0 < c < 58.5
where a, b and ¢ are in units of mole $ and a + b + ¢ = 100,
and x and y being in the following fangés respectively:

0.95 < x £ 1.01 .

2/24 s y s 11/24

- 18 -
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Ba

Sr a Ca 57 5.0 45.5 49.5 0.99 4.0 . -
5.0 45.5 49.5 0.99 6.0 0.0 0.0 8/ 24 59 REPLAYEMENT SMEET |
0.99 8.0 0.0 0.0 8/ 24 60 5.0 45.5 :49.51 0.99 11.0 0.0
0.0- 8/24 61* 5.0 45.5 49.5 0.99 12.0* 0.0 gago 5 3A&4B@§“m
5.0 45.5 49.5 0.99 .0.0 2.0 0.0 8/ 24 63 . AG—5=—1
0.99 0.0 6.0 0.0 8/ 24 64 50 45.5 49.5 0.99 0.0 -11.0
0.0 8/24 65* 5.0 45 5 49 5 0.99 0.0 12.0* 0.0 : 8/24 66

5.0 45 5 49.5 0.99 2.0 8/ 24 67 5.0 45.5 49.5

0. 99 24 8 —5.0 45.5 49.5 0.99 0.0 0.0
11.0 8/ 24F ’6“85"“9 0K ’8*8475”“@%’47&1“5 0.99 0.0 0.0 12.0* 8/24

Piezoelectric Porcelain

BACKGROUND OF THE INVENTION
Field of the Invention

5 The present invention relates to piezoelectric
porcelain which is applied to a piezoelectric element such
as a ceramic filter, a speaker, a microphone, a buzzer or a
sensor. |
Description of the Background Art

10 In general, piezoelectric porcelain which is applied to

a ceramic filter or the like is mainly composed of lead

titanate zirconate (Pb(Ti,Zr,,)0;). Slight amounts of
various additives are added to such piezoelectric porcelain,
in order to improve its piezoelectricity. |

15 A piezoelectric material which is basically composed of
Pb(Mg,,3Nb,,;)0;~-PbT1i0,~PbZxr0,;, known as one of lead titanate
zirconate materials, is generally prepared by mixing oxide
raw materialé such as lead oxide, zirconium oxide, titanium
oxide, magnesium oxide and niobium pentoxide ‘with each other

20 to attain a prescribed stoichiometric composition, mixing
and dispersing the same in_a ba{; mill or the like,
thereafter calcining the mixture at a prescribed
temperature, crushing the mixture and mixing the same with a
binder, molding the mixture into a prescribed shape, firing

25 the same at a high temperature of at lea=t 1200°C to make




70 5.0 45.5 49.5 0.99 3.0 3.0 0.0 8/24 71, 5 0 45.5
49.5 0.99 3.0 0.0 3.0 8/24 72 5.0 45.5 49 i
3.0 3.0 8/24 73 5.0 45.5 49.5 0.99 4.0 4 40
74* 5.0 45.5 49.5 0.99 4.0* 4. 0* 4. 0* 8/ 24 Rdf rr|ng to Tabl es
1 to 3, asterisked nunerals denote conparative sanpl es whilct 1ol mtAnggghe i
I nventive ranges. 10 Referring to conparative sanples, conpoSitTo

rati os of asterisked conponents are out ,of the inventive ranges.- Dielectric
constants ( [err] ), electronechanlcal—&eupllng

sintering reaction, and polarizing the sintered body.

When such piezoelectric porcelain is applied to an
electromechanical transducer element such as a speaker or a
microphone requiring a high output voltage and a flat

5 frequency response, it is desirable that the material itself
has a large electromechanical coupling factor and a high
dielectric constant, in order to increase the. electrostatic
capacitance of the element.

Japanese Patent Publication No. 44-17103 (1969)

10 describes Pb(Mg,,;Nb,,;)0;-PbTi0,~-PbZr0, porcelain as
piezoelectric porcelain which attains the aforementioned
object. However, the electromechanical coupling factor of
the piezoelectric porcelain described in this gazette is too
small to completely solve the problem.

15 When the width between attenuation poles depends on the
electromechanical coupling factor in a filter which is
prepared from piezoelectric porcelain for serving as an
electromechanical transducer element, the material desirably
has a large electromechanical coﬁpling factor and a small

20 mechanical quality factor, However, the piezoelectric
porcelain described in Japanese Patent Publication No. 44-
17103 is insufficient in electrdmechanical coupling factor
and mechanical quality factor.

SUMMARY OF THE INVENTION

25 An object of the present invention is to provide



factors (Kp) of vibration in expansion directions,. and mechanical guality

factors (QrM) were neasured as to the obtained piezoelectrucﬁgpigﬁgﬁénTSHEET
An i npedance neasuring device was enployed to ne _
diel ectric constants at a measuring frequency of 1 kHz mhllgagﬂaSUMAﬁdg i

sanpl es.

sure t

el ectromechani cal coupling factors of the vibration in thé—esgpanston i
directions by a resonance/ antiresonance nethod. Tables 4 to 6 show the

results.

w
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piezoelectric porcélain having a large electromechanical
coupling factor, a small mechanical quality factor and a
high dielectric constant, which can broaden the band of a
filter and is applicable to a speaker, a microphone, a
buzzer or a sensor.

The piezoelectric porcelain according to the present

invention is a lead-containing composite oxide which is
expressed in a general formula aPb,(Cr,Nb,_,)0,~-bPb,TiO;~

cPb,Zr0,, with a, b and c being in the following ranges
respectively:

1.0 £ a £ 12.0

40.5 = b < 49.0

39.0 = ¢ = 58.5
where a, b and c are in units of mole % and a + b + c = 100,
and x and y being in the following ranges respectively:

0.95 < x £ 1.01

2/24 < y < 11/24

The value of the component a in aPb,(Cr,Nb, ,)O; is
selected from the range of 1.0 £ a = 12.0, preferably from
the range of 2.0 < a < 10.0, and more preferably from the
range of 3.0 < a £ 9.0. If the value of a is too small or
large, the electromechanical codpling factor and the

dielectric constant are reduced and the mechanical gquality

factor is increased.



Sanble ) El ectric Characteristics No. lerr] .

Kp. (9 1% 3

4§5(/6 53 3 144 3 > o073 REPLASEMERT SHEET ”
131 4 1041 53. 4 * f
48. 6 183 6* > 996 éi?f’ M@@ggﬁ
1523 55. 4 174 8 1786 53.2
99 o* 1359 39. 6 52 10* . 312

48. 2 437 11 8414 54. 7 346 12
1703 S51fe value of théoéomponent b in bPb,Ti0,; is selected

from the range of 40.5 < b < 49.0, preferably from the range
of 43.0 < b £ 48.0, and more preferably from the range of
43.0 £ b < 47.0. If the value of b is too small or large,

5 the electromechanical coupling factor and the dielectric

constant are reduced.

The value of the component c in cPb,ZrQ,; is selected
from the range of 39.0 £ ¢ < 58.5, preferably from the range
of 47.0 € c € 52.0, and more preferably from the range of

10 48.0 € c € 52.0. 1If the value of ¢ is too small or large,
the electromechanical coupling factor and the dielectric
constant are reduced and the mechanical quality factor is
increased.

The value x indicating the rate of the Pb component is

15 selected from the range of 0.95 < x s 1.01, preferably from
the range of 0.96 < x < 1.00. If the value of x is too
small or large, the electromechanical coupling factor and
the dielectric constant are reduced.

The value of y indicating the ratio of Cr to Nb is

20 selected from the range of 2/24 < y < 11/24, preferably from

A

the range of 5/24 < y 10.5/24, and more preferably from

the range of 6/24 < y 10/24. If the value of y is too

in

small or large, the electromechanical coupling factor and
the dielectric constant are reduced and the mechanical

25 quality factor is increased.
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13* 1442 51.9 121 14~ - 249

49.5 369 15* 641 47. 1 426 1G*
309 50. 6 141 17* 577 REBVAGEMENT SHEET
164 18* 1391 49.5 258 19 6 '
53.5 174 20 2073 . 66.7 || Date:.... Uléz;@glggs
1658 57.7 334 22* | 1546 :
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.

In the piezoelect:ic porcelain according to the present
invention, not more éhan 11 mole %, preferably not more than
5 mole %, of the Pb component can be substituted by at least
one element of Sr, Ba and Ca. If the amount of the
5 substituted Pb component is too large, the electromechanical
coupling factor is reduced. It is possible to attain
piezoelectric porcelain having a large electromechanical
coupling factor, a small mechanical quality factor and a
large dielectric constant by substituting the Pb component
10 in the aforementioned range.
According to the present invention, it is possible to
obtain piezoelectric porcelain having piezoelectricity with
a Iarge electromechanical coupling factor, a small
mechanical quality factor and a large dielectric constant,
15 thereby broadening the band. Thus, the piezoelectric
porcelain according to the present invention can be applied
to a speaker, a microphone, a buzzer or a sensor.
The foregoing and other objects,_features, aspects and
advantages of the present invention will becqme more
20 apparent from the following detailed description of the
present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Lead oxide, zirconium oxide, titanium oxide, chromium
oxide and niobium oxide were prepared as raw materials, and

25 mixed with each other at composition ratios shown in Tables



12 Table's Sampl e El ectric Characteristics No. T/

[err]p Qv 23* 490 5

130 24 521 54. 6 125 25 ﬁEEET?@"E”Ts“EET |
68. 8 122 26 2014 70. 0 nato DL UAR 1995
1900 62. 6 143 28 1584 L__Bg B
153 29 1186 54.8 157 30* 852

50. 3 161 31* 1154 6 53. 3 161 32

1671 56. 7 158 —

1 to 3. The mixed raw materials were wet-blended in a ball
mill, demineralized, dried, and calcined at 800 to 1000°C
for 2 hours. The calcined powder materials were again wet-
blended in a ball mill, thereby preparing powder materials.
5 Then, caking additives such as water or polyvinyl
alcohol were added to the powder materials, which in turn
were press-molded and thereaffer fired at 1110 to 1320°C for
2 hours,_thereby obtaining sintered bodies.
The obtained sintered bodies were polished into discs
10 of 10 mm in diameter and 1 mm in thickness, and silver
electrodes were baked on both end surfaces of the discs.
These discs were polarized in insulating oil of 60 to 80°C
for 10 to 60 minutes in electric fields of 2.5 to 4 kV/mm,
to obtain piezoelectric porcelain samples.

15



33
63. 8
1933
32 38*
54.7
2128
124 43
53.5
794

1802 59. 4 155 34 6l
146 35 2196 66. 5 REPLAGERENT SHEET
53.8 79 37* 1517 39.6 -
454 49.5 426 39 Date980.6..M4R.1996
331 40 2224 67.6 fem——ggagt T |
64. 2 130 42 2019 58.9
1703 55.0 7 106 44* 1598
103 45* 403 51. 2 355 46*
48. 7 405 ~ Table 1
Sample aPb, (Cr,Nb, ) 0,-bPb,Ti0,~cPb,Zr0,
No.
a b c b4 Substitutional | Yy
molg | mol% | mol% Element for Pb
(mol%)
Sr Ba Ca
1% 5.0 [40.0* {55.0 |1.00 | 0.0 0.0 | 0.0 | 8/24
2 5.0 |[40.5 |54.5 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
3 5.0 {45.5 [49.5 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
4 5.0 [49.0 |46.0 |1.00 | 0.0 | 0.0 | 0.0 ] 8/24
5% 5.0 |50.0* |45.0 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
6% 5.0 [45.5 [49.5 |0.94*| 0.0 | 0.0 | 0.0 | 8/24
7 5.0 |[45.5 |49.5 |0.95 | 0.0 |{-0.0| 0.0 | 8/24
8 5.0 {45.5 |49.5 |1.01 | 0.0| 0.0 | 0.0 | 8/24
9% 5.0 |45.5 [49.5 |1.02*| 0.0} 0.0 | 0.0 | 8/24
10%* 0.5% |45.5 |54.0 |1.00 | 0.0 ] 0.0 | 0.0 | 8/24
11 1.0 |45.5 [53.5 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
12 12.0 {45.5 |42.5 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
13* }13.0* [45.5 |41.5 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
14% 1.0 |40.0* [59.0*% [1.00 | 0.0 | 0.0 | 0.0 | 8/24
15* | 1.0 |[50.0* |49.0 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
16* |[12.0 [40.0* |48.0 |1.00 | 0.0 | 0.0 | 0.0 | 8/24
17* |12.0 {50.0* [38.0*|1.00 | 0.0 | 0.0 | 0.0 | 8/24
18* 5.0 |45.5 |49.5 [1.00 | 0.0 | 0.0 0.0 | 1/24%
19 5.0 |45.5 |49.5 |1.00 | 0.0] 0.0 ] 0.0 | 2/24
20 5.0 |[45.5 |49.5 |1.00 | 0.0| 0.0 | 0.0 | 8/24
21 5.0 |45.5 |49.5 [1.00 | 0.0} 0.0 0.0 |11/24
22% 5.0 |45.5 |49.5 [1.00 | 0.0 ] 0.0 0.0 |12/24%




47*
49. 2
1826
104 52
66. 7
1814
392

451 51.9 119 48* 726 |
151 49* 1547 51. 2 M2 A6-50
54. 9 155 51 2104 REFRHCEMENT SHEET
2192 63. 6 107 53 nate 2228 MAR 1996
114 54 2038 62. 2 | D2 909 By Y0
58. 9 318 56* g 1695 57.5 -
REPLACEMENT SHEET —
Table 2
Saﬁgfe apb, (Cr,Nb,_ )0,-bPb,Ti0,~cPb,Zr0,
a b c X Substitutional Y
molg |mol¥ |[mol% Element for Pb
(mol%)
Sr Ba Ca
23* | 5.0 |40.0*{55.0 [0.99 |2.0 |0.0 |0.0 | 8/24
24 5.0 |40.5 |54.5 [0.99 |2.0 |0.0 |0.0 | 8/24
25 5.0 |43.5 |51.5 |0.99 [2.0 |0.0 [0.0 | 8/24
26 5.0 |44.5 |50.5 [0.99 |2.0 |0.0 |0.0 | 8/24
27 5.0 [46.5 |48.5 |0.99 |2.0 |0.0 |0.0 | 8/24
28 5.0 |47.5 |47.5 |0.99 |2.0 |0.0 |0.0 | 8/24
29 5.0 |[49.0 |46.0 |0.99 |2.0 [0.0 |0.0 | 8/24
30* | 5.0 [50.0%[45.0 [0.99 [2.0 [0.0 [0.0 | 8/24
31* | 5.0 [45.5 [49.5 |0.94*[2.0 [0.0 |0.0 | 8/24
32 5.0 [45.5 |49.5 |0.95 [2.0 |0.0 |0.0 | 8/24
33 5.0 [45.5 |49.5 |0.96 [2.0 |0.0 |0.0 | 8/24
34 5.0 |[45.5 |49.5 |0.98 |2.0 (0.0 |0.0 | 8/24
35 5.0 |45.5 |49.5 |1.00 |2.0 |0.0 |0.0 | 8/24
36 5.0 |45.5 |49.5 |1.01 {2.0 |0.0 |0.0 | 8/24
37* | 5.0 [45.5 [49.5 [1.02*[2.0 |0.0 |o0.0 | 8/24
38* | 0.5%[45.5 [s54.0 [0.99 [2.0 0.0 |0.0 | 8/24
39 1.0 |45.5 |53.5 |0.99 |2.0 [0.0 |0.0 | 8/24
40 3.0 |45.5 |51.5 {0.99 |2.0 |0.0 |0.0 | 8/24
41 7.0 |45.5 |47.5 |0.99 [2.0 |0.0 [0.0 | 8/24
42 9.0 [45.5 |45.5 |0.99 |2.0 |0.0 |0.0 | 8/24
43 |12.0 {45.5 [42.5 |0.99 |2.0 [0.0 |[0.0 | 8/24
44* [13.0*%[45.5 [41.5 [0.99 |2.0 |o0.0 |0.0 | 8/24
45% 1.0 |40.0*%|59.0% |0.99 2.0 0.0 0.0 8/24
46%* 1.0 |50.0*%[49.0 |0.99 2.0 0.0 0.0 8/24
47% |12.0 [40.0*|48.0 [0.99 |2.0 [0.0 .|0.0 | 8/24
48* |[12.0 [50.0*%[38.0*[0.99 [2.0 |0.0 [0.0 | 8/24
49* | 5.0 [45.5 |49.5 [0.99 |2.0 |0.0 [0.0 | 1/24*
50 5.0 [45.5 [49.5 |0.99 |2.0 [0.0 |0.0 | 2/24
51 5.0 |45.5 |49.5 [0.99 [2.0 [0.0 [0.0 | 4/24
52 5.0 [45.5 |49.5 |0.99' [2.0 |0.0 [0.0 | 6/24
53 | 5.0 [45.5 [49.5 |0.99 |2.0 [0.0 0.0 | 8/24
54 5.0 |[45.5 |49.5 |0.99 [2.0 |0.0 [0.0 |10/24
55 5.0 |45.5 |49.5 [0.99 [2.0 |0.0 [0.0 |11/24
56* | 5.0 |45.5 [49.5 [0.99 |2.0 |0.0 |0.0 [12/24%




13 Table 6 Sampl e El ectric Characteristics No. [err Kp

(9 Qm 57 2204 - 63. 8 - 5
2253 58. 1 154 59 2261 Rg@%FB‘ENTSHEET |
155 60 2569 55. 1 151 61*
53.8 153 62 2146 66. 2 115 lbpate: B MAR B
57.5 149 64 2310 ' 54.8 152 65*
2344 53.1 153 o
e
Table 3
Sample aPb, (Cr,Nb,  )0,-bPb,Ti0,~cPb,Zr0,
No.
' a b c X Substitutional v
molg |mol% |mol% Element for Pb
(mol%)
Sr Ba Ca
57 5.0 |45.5 |49.5 |0.99 | 4.0 | 0.0 | 0.0 | 8/24
58 5.0 |45.5 |49.5 |0.99 | 6.0 | 0.0 | 0.0 | 8/24
59 5.0 |45.5 |49.5 |0.99 | 8.0 | 0.0 | 0.0 | 8/24

60 5.0 [45.5 [ 49.5 |0.99 |11.0 0.0 0.0 8/24
61% 5.0 |45.5 |49.5 |[0.99 [12.0* | 0.0 0.0 8/24
62 5.0 |45.5 | 49.5 |0.99 |-0.0 2.0 0.0 8/24
63 5.0 |45.5 [ 49.5 |0.99 0.0 6.0 0.0 8/24
64 5.0 |45.5 [49.5 ]0.99 0.0 {11.0 0.0 8/24
65* 5.0 |45.5 | 49.5 |0.99 0.0 [12.0%}| 0.0 8/24

66 5.0 |45.5 [ 49.5 }0.99 0.0 0.0 2.0 8/24
67 5.0 |45.5 | 49.5 {0.99 0.0 0.0 6.0 8/24
68 5.0 {45.5 |49.5 |0.99 0.0 0.0 |11.0 8/24
69* 5.0 |45.5 | 49.5 |0.99 0.0 0.0 |12.0* | 8/24
70 5.0 {45.5 | 49.5 10.99 3.0 3.0 0.0 8/24
71 5.0 |45.5 {49.5 10.99 3.0 0.0 3.0 8/24
72 5.0 145.5 |49.5 }0.99 0.0 3.0 3.0 8/24
73 5.0 |45.5 | 49.5 |0.99 | 4.0 4.0 -3.0 8/24

74% 5.0 |45.5 | 49.5 }0.99 4.0% | 4.0*% | 4.0% | 8/24

Referring to Tables 1 to 3, asterisked numerals denote

comparative samples which are out of the inventive ranges.



66 © 2042 65. 3 101 67

56. 8 139 68 2322 54. 6

2359 52.7 145 70 - 2204

153 71 2159 57.3 147 72 .

57.2 123 73 2306 54.6 O IR Sk
2339 52.9 155 As to the value of a in the genera‘_"‘“

formula, it is understood possible t oy bt ai n pi ezoel ectric porcel ai n havi ng
a large el ectronmechani cal coupling f or, a small nechanical quality

factor andRafarghnglebe@bmparaemséagampneghecbﬂyegity@nrf&@&bsF&EtIcularly
fromthe test data of the sanples Nos. 10

asterisked components are out of the inventive ranges.

Dielectric constants ( €,;;°/€,), electromechanical couplihg
factors (Kp) of vibration in expansion directions, and
mechanical quality factors (Qm) were measured as to the
obtained piezoelectric porcelain samples. An impedance
measuring device was employed to measure the dielectric
constants at a measuring frequency of 1 kHz while measuring
the electromechanical coupling factors of the vibration in the
expansion directions by a resonance/antiresonance method.

Tables 4 to 6 show the results.



to 13 and 38 to 44. As to the values of b and ¢ in the
I S understood possible to obtain piezoelectric porcelai

| ar ge el ectronechani cal coupling factor, a snmall nmechantica

and a high dielectric constant in the inventive ranges,
the test data of the sanples Nos. 1 to 5, 14 to 17, 23

neral formula, it

T SEEFT |
ol @IAR 1998
AR 098

As to the value of x in the general fornula, it is understood possible to
obtai n pi ezoel ectric porcel ain having allarge el ectronmechani cal coupling

factor, a small nechanica

Table 4
Sample Electric Characteristics
No.

€337/ €&, Kp (%) Qm
1% 320 50.6 152
2 405 53.3 144
3 2073 65.2 131
4 1041 53.4 172
5% 689 48.6 183
6% 996 51.7 183
7 : 1523 55.4 174
8 1786 53.2 99
g% 1359 39.6 52
10% 312 48.2 437
11 841 ' 54.7 346
12 1703 55.0 106
13% 1442 51.9 121
14% 249 49.5 369
15% 641 47.1 426
16%* 309 50.6 141
17% 577 47.6 164
18% 1391 49.5 258
19 1681 53.5 174
20 2073 66.7 114
21 1658 57.7 334
22% 1546 ~ 54.5 408




quafity factor and a high dielectric constant in the in
particularly fromthe test data of the sanples Nos. 6 t ¢ RERIACEMEKNTD SBEETA

[ formula, it is understgod poaiﬁg
obtain piezoelectric porcelain having a | arge el ectronmeg¢ghasak:ca g@glﬁﬁs
factor, a small mechanical quality factor and a hi gh di efFectr+c—constant

the inventive range, particularly fromthe test data of the sanples Nos.

to 22 and 49 to 56. As to the rate of sh#Zhstitution of the Pb conponent by
Sr, Ba or Ca, it is understood possible to obtain piezoelectric porcelain
coupl i ng Talntery a snal |
In the inventive range,

to the value of y in the general

havi ng a | arge el ectronmechani cal

quality factor and a high dielectric constant

—s
-4

mechani ca

particul arly frompthetest—data—of—the
Sample Electric Characteristics

No.

€43/ €, Kp_ (%) Qm
23* 490 52.5 130
24 521 54.6 125
25 1128 68.8 122
26 2014 70.0 118
27 1900 62.6 143
28 1584 '58.5 153
29 1186 54.8 157
30% 852 50.3 161
31%* 1154 53.3 161
32 1671 56.7 158
33 1802 59.4 155
34 2061 63.8 146
35 2196 66.5 114
36 1933 53.8 79
37* 1517 39.6 32
38%* 454 49.5 426
39 982 54.7 331
40 2224 67.6 183
41 2128 64.2 130
42 2019 58.9 124
43 1703 55.0 106
44%* 1598 53.5 103
45% 403 51.2 355
46%* 794 48.7 . 405
47% 451 51.9 119
48%* 726 49.2 . 151
49%* 1547 51.2 . 246
50 1826 54.9 : 155
51 2104 - 59.8 104
52 2192 , 63.6 107
53 2223 66.7 114
54 2038 62.2 209
55 1814 58.9 318
56%* 1695 54.5 392
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sanpl es Nos. 57 to 74. Al though the present invention hasﬂbﬁgpgﬁggﬁéh_eu

)
and illustrated in detail, it is clearly understood that tlhe"s h
of illustration and exanple only and is not to be REPL'qgngflgHEER‘ESS
taken by way of linmtation, the spirit and scope of the pteséent i fivention:-

SHEE

being limted only by the terns of the appended cl ai ns.

A3
Table 6
Sample Electric Characteristics
e €337/ €, Kp (%) Qm
57 2204 63.8 145
58 2253 58.1 154
59 2261 57.0 155
60 2569 55.1 151
61* 2581 53.8 . 153
62 2146 66.2 112
63 2165 57.5 149
64 2310 54.8 152
65%* 2344 53.1 153
66 2042 65.3 101
67 2067 56.8 139
68 2322 . 54.6 143
69%* 2359 52.7 145
70 2204 57.9 153
71 2159 57.3 ' 147
72 2098 _ 57.2 123
73 2306 54.6 150
74% 2339 52.9 155

As to the value of a in the general formula, it is
understood possible to obtain piezoelectric porcelain having a
large electromechanical coupling factor, a small mechanical
quality factor and a high dielectric constant ‘in the inventive
range, particularly from the test data of the samples Nos. 10
to 13 and 38 to 44.

As to the values of b and ¢ in the general formula, it is

understood possible to obtain piezoelectric porcelain having a

J



WHAT IS CLAIMED IS: 1. Piezoelectric porcelain, being & d-con
conposite oxide expressed in a general formula [err]gb H?S%d“ﬁ%ﬂ%?kghg t
a, b and c being in the foll owi ng ranges respectively: Be
12.0 40.5 [err] b [err] 49.0 39.0 [err] c [err] 58.5 wijere-a. b nd-e re
in units of nole %and a + b + ¢ = 100, and x and y belng |n the foll ow ng
ranges respectively: 0.95 [err] x [err] .1.01 2/24 [err] y [err] 11/24 2.
The piezoelectric porcelain in accordgpce with claim :

e

large electromechanical coupling factor, a small mechanical

=

quality factor and a high dielectric constant in the inventive
ranges, particularly from the test data of the samples Nos. 1
to 5, 14 to 17, 23 to 30 and 45 to 48.

As to the value of x in the géneral formula, it is
understood possible to obtain piezoelectric porcélain having a
large electromechanical coupling factor, a small mechanical
quality factor and a high dielectric constant in the inventive
range, particularly from the test data of the samples Nos. 6
to 9 and 31_to 37.

As to the value of y in the general formula, it is
understood possible to obtain pigzoelectric.porcelain having a
large electromechanical coupling factor, a small mechanical
quality factor and a high dielectric constant in the inventive
range, particularly from the test data of the samples Nos. 18
to 22 and 49 to 56. |

As to the rate of substitution of the Pb component by Sr,
Ba or Ca, it is understood possible tq obtain piezoelectric
porcelain having a large electromechénical c?upling factor, a
small mechanical quality factor and a high diglectric constant
in the inventive range, particuiarly from the test data of the
samples Nos. 57 to 74.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same

is by way of illustration and example only and is not to be
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1, wherein the value of ais in the range of 2.0 [err] a
pi ezoel ectric porcelain in accordance with claim1l, whej
isin the range of.43.0 [err] b [err] 48.0. 4. The piez(
in accordance with claim11, wherein the value of c is
[err] c [err] 52.0. 5. The piezoelectric porcelainin a
1, wherein the value of x is in the range of 0.96 [err] x [err] 1.00. 17
6. The piezoelectric porcelain in accorggance with claim1, wherein the
value of y is in the range of 5/24 [er+}—y [err] 10.5/24.

taken by way of limitation, the spirit and scope of the

present invention being limited only by the terms of the

appended claims.



7. The pi ezoel ectric poreelain—maccordance with claim1, wherein not nore

of Sr,

than 11 nole % of ' is substituted by at | east one el enent
Ba and Ca. im &WTE}“‘H c porcelain in accor ff ' Tl
1, wherein not nor I'es %of said Pb conponent i sjSRERBIACEM®EGT B)eat

| east one elenent of Sr, Ba and Ca.
| Date 9.6 _MAR 1996
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WHAT IS CLAIMED IS:

1. Piezoelectric porcelain, being a lead-contéining
composite oxi@e expressed in a general formula aPb,(Cr,Nb, , )O,-
bPb,Ti0;-cPb,Zxr0;, with a, b and c being in the following ranges
respectively:

1.0 s a s 12.0

40.5 <= b £ 49.0

39.0 s c s 58.5
where a, b and ¢ are in units of mole $ and a + b + ¢ = 100,
and x and y being in the following ranges respectively:

0.95 = x 5 1.01

2/24 = y < 11/24

2. The piezoelectric porcelain in accordance with claim

1, wherein the value of a is in the range of 2.0 < a < 10.0.

3. The piezoelectric porcelain in accordance with claim

1, wherein the value of b is in the range 0f.43.0 s b < 48.0.

4. The piezoelectric porcelain in accordance with claim

1, wherein the value of c is in the range of 47.0 < c < 52.0.

5. The piezoelectric porcelain in accordance with claim

1, wherein the value of x is in the range of 0.96 < x = 1.00.
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6. The piezoelectric porcelain in accordance with claim
1, wherein the value of y is in the range of 5/24 < y <

10.5/24.

7. The piezoelectric porcelain in accordance with claim
1, wherein not more than 11 mole % of said Pb component is

substituted by at least one element of Sr, Ba and Ca.

8. The piezoelectric porcelain in accordance with claim
1, wherein not more than 5 mole % of said Pb component is

substituted by at least one element of Sr, Ba and Ca.
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Piezoelectric porcelain is a lead-containing composite
oxide which is expressed in a general formula aPb,(Cr,Nb,_, )0y~

bPb,Ti0;-cPb,Zr0;,  with a, b and c being in the following ranges
respectively:

1.0 £ a £ 12.0

40.5 <= b < 49.0

39.0 s c < 58.5
where a, b and c are in units of mole $ and a + b + ¢ = 100,
and x and y being in the following ranges respectively:

0.95 < x £ 1.01

2/24 s y < 11/24



