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.« ELENMENT ' USI NG THE Pl EZCELECTRI C CERAM C COWPOSI TI ON
BACKGROUND OF THE | NVENTI ON 1. Field of the Fh7 n
The present invention relates to a piezoelectric y & %é?gkﬁé’é>

conposition and a piezoelectric element using the

pi ezoel ectric ceram c conposition. 2. Description of the

Rel ated Art Conventionally, a piezoelectric ceramc
conposi tion containing a lead titanate (PbTiderr]) is known.
Since a pi ezoel ectric ceraﬁic,conposition containing a |l ead
titanate has a | ow dielectric constant and a small particle
size, it is suitable for the use f requency range.
Nbr eover , PIEZOELECTRIC|qEEﬁﬂJQaGQHHQ§%?I@WéP@PtEFF§PFg§c§5€ ity in

restraini ng sub-resonance owing to a lar tric

ani sot r opy, NG 25 iB[I;FqQFItECeT c é:WCfg&ﬂ%’é’ﬁésﬁkgﬁow ng to a
high Curie point, or the like. Therefore, use of a

pi ezoel ectric ceramic containing a lead titanate is required

mtheheﬁ&ﬁédﬁﬁe&f%q}ﬁ} ¥r the. like, to be used | in

a high frequency ran a plezoelectrlc ceramc

contai ni ngy a pfark tdf aﬂgéexmg_ﬁgdvant ages such as

difficulty 1n obtaining a dense sintered conpact having a

l'arge nmechani calTid rgaresentuiventlidr irslldtes rosianpgezoglectric
ceramic composition and a piezoelectric element using the
piezoelectric ceramic composition.
2. Description of the Related Art .

Conventionally, a piezoelectgic ceramic composition

containing a lead titanété'(PbTio,)'is known. Since a
piezoelectric ceramic compositiqp'containing a lead titanate
has a low dielectric conétant'aﬁd'a small particle size, it
is suitable for the use in a high frequency range. Moreover,
'it has excellent characteristics Eﬁéh as ability in
restraining sub-resonance owiﬂg to a large piezoelectric
anisotropy, durability in use éi a high teﬁperaturé owing to
a high Curie point, or the like. Therefore, use of a
piezoelectric ceramic containing a lead titanate is required
in the field of filters, vibrators, or the like, to be used
in a high frequency rangé. Héwever, a piezoelecttic ceramic
containing a lead titanate has disadvantages such as
difficulty in obtaining a dense sintered coméact havihg a
large mechanical strength due to difficulty in sintering,

and difficulty in polarization. In order to solve the
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and dlfflcult‘w pol arization. In order to solve the 9902567- 8

2 5 MAY 1999 -2- probl ens, for
exanpl e, a piezoelectric ceram c conmposition containing a lead titanate
obtained by partially substituting Pb of PbTiJerr] by La and adding a M
conpound such as MnCJerr], or the |ike has been used. The piezoelectric
ceram ¢ has characteristics such as a good sintering property and
capability of a polarization treatnent at a high tenperature in a high
electric field. However, a probi @m-is involved in that the

pi ezoel ectric ceram c has a poor tenperature coefficient of the resonance
frequency and thus when it is used in a filter or a vibrator, the passing
frequencyp@pbﬂﬁﬂsosépﬁl@N&mqun%ﬁnnﬂﬁgpﬁiﬁﬂﬁﬁﬁﬂcﬂ%ﬁﬂﬂb@]¢9mﬁgébtapﬁg to
the tenperature. A Therefore, it has been difficult to, adopt a ceramc

cont ai ni ngoREadNingsAadeac, titanate htaingd kY RartiallYis required to

obj ect of SEHELHLULIE B & FF4G bY La and adding a ST o
as MnCO,, or the like has been used. The piezoelectric
ceramic has characteristics such as a good sintering
property and capability of a polarization treatment at a
high temperature in a high electric field.

Howevér, a problem is involved in that the
piezoelectric ceramiclhas a poor temperature coefficient of
the resonance frequency and thus when it is used in a filter
or a vibrator, the passing frequency or the oscillating
frequency changes drastically according to the temperature.
Therefore, it has been difficult to adopt a ceramic
containing lead titanate in a filter or a vibrator, which is

required to have a high accuracy.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a piezoelectric ceramic composition containing a
lead titanate, having excellent temperature stability of the
resonance frequency, suitable for the application in a
filter, a vibrator, or thé like, and a piezoelectric element
using the piezoelectric ceramic composition.

In order to achieve the above-mentioned object, a

piezoelectric ceramic composition according to the present



-~

provi de a pi ezZdelectric ceram c conposition containing a |lead titanate,
‘havi ng excel l ent tenperature stability of the resonance frequency,
suitable for the application in a filter, a vibrator, or the like, and a
pi ezoel ectric el enment using the piezoelectric ceram c conposition.

In. order to achi eve the above-nentioned object, a piezoelectric ceramc
conposi tion according to the present .

- 3- invention is represented by the g neral formula Pb[err]-
[err]Nd[err][(In[err]/[err]No[err]/[err])yTi[err]y][err]3, wherein not |ess
than 0.1% by weight but not nore than 3.0% by meight of Mh based on

d h ' h
3 corpos em&n&%ﬁnib%?ﬁge%%fe t?oﬂbs&”%}é‘?é‘f@éﬁ% FeBets” ”l‘i?]”eSt rerr]
0.50. A
ceramc ggﬁﬁgj???gng ﬂ*{ O\&/r?é; Untllg%?r‘gfﬁn?{égf%% ﬁqi?eﬂf ?%fe%?e gggégnance
f requencypgan 3¢ il Midn LY we Al L UEBALEa ShETRREOUSIN L he

pi ezoel ectric ceramc conpadsit e above nen i oned cohfiguration

can rest! abfrkiadd 30t e RARRIANRL M E0URIma i Ccotfbhehet hBing

frequency, or f t enperature.

of substi LUl tbrP ST s . 0P = e D PAd eirid o, 19721y G 1. poause

the sintering property of
According to the above-mentioned configuration, a

piezoelectric ceramic composition having a good temperature
coefficient of the resonance frequency can be obtained.
Moreover, a piezoelectric element using the piezoelectric
ceramic composition with the above-mentioned configuration
can restrain the change of the passing frequency, the
oscillating frequency, or the like, derived from the
temperature.

The amount x of substituting Nd by Pd here is set to
be 0.02 = x = 0.16 because the sintering property of the
ceramic cannot be good and the improving effect of the
temperature coefficient of the resonance frequency is small
if x < 0.02, but the Curie temperature is drastically
deteriorated so as not to be durable in a high temperature
if 0.16 < x. The range of y is set to be 0.15 <y = 0.50
because the temperature coefficient of the resonance
frequency is poor if y < 0.15, but the Curie temperature is
drastically detériorated so as not to be durable in a high
temperature if 0.50 < y. The amount of Mn as the sub

component is preferably not less than 0.1% by weight but not



ceram c cannot be good and the inproving effect of the tenperature
ccoefficient of the resonance frequency is small if x < 0.02, but the Curie
tenperature is drastically deteriorated so as not to be durable in a high
tenperature if 0.16 < x. The range of y is set to be 0.15 [err] y [err]
0.50 because the tenperature coefficient of the resonance frequency is
poor if y < 0.15, but the Curie tenperature is drastically deteriorated so
as not to be durable in a high tenperature if 0.50 < vy. The anmount of M
as the sub conponent is preferably rot4l®ess than 0.1% by wei ght but not
-4- nore than 3.0% by wei ght based on MhCO3. This is because the
mechani cal quality coefficient C¥1is small so that it is not suitahle for

the appl iRQXS oFhaR 3. 0% pPutweightrpaped oprMpRA;. | Mbds dist Pacause HdiL 0. 1%
Chat i aieehAnigal gont Ly SonEESBlpat Bm 18 sPRb Aonthaka 1Ende MO%cannol
e ined po S Bl EnOEl LA RS N 1R TS LAED 3 Y e L
view shoy fyg, ong; + #"POSL "BRAn Ob. P4 PhEZRELGHE! ' But' EHB"inBGI3kdNY0 tO the
. property of the ceramic is deteriorated so that it cannot be
applied with a polarization treatment and thus it cannot be
used as a piezoelectric ceramic with more than 3.0% by

weight.

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is an exploded perspective view showing one
embodiment of a piezoelectric element_éccording to the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, an embodiment of a piezoelectric ceramic
composition and a piezoelectric element using the
piezoelectric ceramic composition according to the present
invention will be explained with reference to the
accompanied drawing.

As shown in FIG. 1, a piezoelectric element to be used
as a piezoelectric filter comprises a piezoelectric
substrate 1, an insulating container 10 accommodating the
piezoelectric substrate 1, and a sealing 1lid 20. The

piezoelectric substrate 1 has a substantially rectangular



preéent I nventi on. DESCRI PTI ON OF° THE PREFERRED ENMBODI MENT
Herei nafter, an enbodi nent of a piezoelectric ceramc conposition and a
pi ezoel ectric el enment using the piezoelectric ceram c conposition
according to the present invention will be explained with reference to the
acconpani ed draw ng. As shown in FIG 1, a piezoelectric elenent to
be used as a piezoelectric filter conprises a piezoelectric substrate 1,
an insulating container 10 accommobdating the piezoelectric substrate 1,
and a sealing |lid 20. The piezoelectrri @ substrate 1 has a substantially
rect angul ar - 5- shape. The
pi ezoel ectric substrate 1 is provided with vibrating el ectrodes 2a, 2b,
vi br at i ngs&la@etr olbe piezoplegtrife subshrader flads, praeyidedr #ilithg el ectrodes
2c, 3c on the rear surface, The vibrating el ectrodes 2a, 3b are connected
el ectri caVipPIAting ekechiradasnddy &b, Mibraking eartradandapadl OB the
front surface of the piezoelectyic, subsirate 1 respectively. The
Vi br at i ng EOFe SRR SWFA0Ey A SIS DHERETIASH 1391 1 G (%1 a a
conduct or path 115 de2d rng! $3HEATSR g 31 M Uea? 221957 20 BB AL PRI 1S
electrically with lead eledtfodes 4a, 4b provided on the end
parts of the front surface of the piezoelectric substrate 1,
respectively. The vibrating electrodes 2b, 3a are connected
electrically therewith via a conductor path. The lead
electrodes 4a, 4b are arranged on both end parts of the
substrate 1, respectively. furthermore, the vibrating
electrodes 2c and 3c are connected electrically via a
conductor path provided at the rear center part of the
substrate 1. The piezoelectric substrate 1 comprises a
ceramic material containing PbTiO,. The vibrating electrodes
2a to 3c and the lead electrodes 4a, 4b comprise Ag, Ag-Pd,
Ni, Cu, or the like. The piezoelectric substrate 1
generates the thickness longitudinal vibration by the
vibrating electrodes 2a, 2b, 2c and the vibrating electrodes
3a, 3b, 3c.
The insulating container 10 has a concave part 10a,
with notches 11 provided at both end parts of the concave
. part 10a. A base 12 is provided at the bottom surface
center part of the concave part 10a. The piezoelectric

substrate 1 is guided by the notches 11 so as to be

accommodated horizontally long sideways for being supported



substrate 1, respectively. furthernore, the vibrating electrodes 2c and 3c
are connected electrically via a conductor path provided at the rear
center part of the substrate 1. The piezoelectric substrate 1 conprises a
ceramic material containing PbTierr]. The vibrating electrodes 2a to 3c
and the | ead el ectrodes 4a, 4b conprise Ag, Ag-Pd, N, Cu, or the like.
The piezoelectric substrate 1 generates the thickness |ongitudinal
vibration by the vibrating electrodes 2a, 2b, 2c and the vibrating

el ectrodes 3a, 3b, 3c. The insul@t+tng contai ner 10 has a concave
part 10a, wth notches 11 provided at both end parts of the concave part
10a. A bage 12 is provided at the bottomsurface center part of the
concave pd¥ the nofiches didoantithe basssi? awbthous gontieetbygtwethot ches
11 so as tgQ b accomodat ed horizontally | ong sideways for being supported
-6- by f Thaw spr tHe P CABCIYe RR¥LE cbfRacting with the bottom

of the notches THe MFEUI £he e TUEATE Ob Hhe MEFREH W th &
Tt oM D A i N LR LR Ao BT AL 4 o201
conductive adhesive so that the piezoelectric substrate 1
and the éontainer 10 are fixed and connected electrically
via the conductive adhesive. That is, lead electrodes 16,
17, 18 are formed at both end parts and the center part of
the container 10 by sputtering, deposition, or the like.
The lead electrodes 16, 17 elongate from the notch 11 parts,
respectively, and the lead electrode 18 elongates from the
base 12 part. The vibrating electrode 2a is connected
electrically with the lead electrode 16 of the container 10
-via the lead electrode 4a and the conductive adhesive. The
vibrating electrode 3b is - connected electrically with the
lead electrode 17 of the container 10 via the lead electrode
4b and the conductive adhesive. The vibrating electrodes 2c,
3c are connected electrically with the lead electrode 18 of
the container 10 via the conductive adhesive.
The sealing lid 20 is provided with conductors 21, 22,
23 at both end part and the center part by sputtering,
depésition, or the like. The sealing 1id 20 is fixed to.the
open end face of the container 10 with an adhesive.

Accordingly, the piezoelectric substrate 1 is accommodated

in the sealed vibrating space provided by the container 10



via the conductive adhesive. That is; |ead electrodes 16, 17, 18 are
formed at both end parts and the center part of the container 10 by
sputtering, deposition, or the like. The |lead electrodes 16, 17 el ongate
fromthe notch 11 parts, respectively, and the | ead el ectrode 18 el ongates
fromthe base 12 part. The vibrating electrode 2a is connected
electrically with the lead electrode 16 of the container .10 via the |ead
el ectrode 4a and the conductive adhesive. The vibrating electrode 3b is
connected electrically with the |ead=ellectrode 17 of the container 10 via
the | ead el ectrode 4b and the conductive adhesive. The vibrating

el ectrodes 2c, 3c are connected electrically with the |ead el ectrode 18 of
t he cont apR€rthe Sealimg ddsd@d-i ve adhesi ve. The sealing lid 20 is
provi ded with conductors 21, 22, 23 at both end:$art and the centgr. part

by sputtering, THEpESMPPEAtion ofe Hhadicpnelrainify SURFLRTR Fi%kd to the
open o0 bR xBlphearo kR DRk AR E ISRl Yiep il Y, T
SLSVIt ﬂgdsgép%ggaﬁ%ﬁgb%ﬂo},o Nd’?h’e J(-:%‘f?ﬁbsp??odﬁ (rb['fi'of'neb'"f)cl:%’z(ycﬁreecturslecd .
substrat eod il byxiiesCYY P 1e%a,Atd "SRR | i, Ur LD AhSSAR ect M C
| finally to be an oxide can also be used as a material;
The above-mentioned materials measured so as to have
the compositions shown in Tables .1 to 3 were mixed and
pulverized by the wet process, and calcined at 750°C to 950°C
for 1 to 4 hours. The obtained calcined powders were
pulverized with an organic binder, and press-molded with a 1
ton/cm? préssure. The molded products wefe baked at 1,050°C
to 1,250°C for 1 to 4 hours so as to obtain sintered
compacts. After forming an electrode, the sintered compacts
were polarized by applying a 3 to 5 kv/mm electric field for .
10 to 30 minutes in a silicone oil of 100°C, and evaluated.
The electric mechanical coupling coefficient k., (%) at the
time of the thickness longitudinal vibration, the mechahical
quality coefficient Qm, the Curie temperature Tc (°C), and
the temperature coefficient of the resonance frequency F-TC
(ppm/°C) are shown in Tables 1 to 3. Those marked with * at

the specimen number are comparative examples outside the

range of the present invention.



substrate 1, Pb[err]O[err], Nd[err]O[err], In[err]O[err], No[err](err],
TidJerr], MaiCQerr] were used. Oher oxides of Pb, Nd, In, Nb, Ti, WM, or
a compound finally to be an oxide can also be used as a material.

The above-nentioned materials neasured so as to have the conpositions
shown in Tables .1 to 3 were m xed and pulverized by the wet process, and
calcined at 750[err]Cto 950[err]C for 1 to 4 hours. The obtai ned cal ci ned
powders were pul verized with an organic binder, and press-nolded with a 1
ton/cnferr] pressure. The nol ded prodUtﬁ%'Mere baked at 1,050[err]C to
1,250[err]C for 1 to 4 hours so as to obtain sintered conpacts. After
formng an el ectrode, the sintered conpacts were polarized by applying a 3

to 5 kV/ tric field for 10 to 30 nmnutes in a silicone oil of
100[ ef spdeinad evalwated. | The, gbect r | antecdanestal aQup|i g cpefrfi ci estre
Kierrl faho! | RibactdalBor0l JdEeBLCENPES dyORRlchtil] Nk V) DY At TN cf e ppmy c)
mechahi ca qual 1t coetficlent Om the Cirie’tenperatufe Tc [err]CS, and
the tlerperatute—EBR 3 oft 8PP ¢ obonance—fregheney——Fo—kpprm-Herr-SF
are shédwn intfables 1 %3493 Those WB¢ked with ®-&1 t#bl spdk hend
conpdrative eianpl es outsijde the o.amge of theopresensz | nvesu | onsso -55
- 8- * 3 0.02 0.01 0.1 38 610 400 -49
* 4 0.10 0.01 0.1 39 600 370 -46
* 5 0.16 0.01 0.1 39| 's90| 340 -38
* 6 0.00 0.15 0.1 29 230 390 -62
7 0.02 0.15 0.1 38 540 380 -34
8 0.10 0.15 0.1 40 550 360 -9
9 0.16 0.15 0.1 42 610 300 -5
* 10| - 0.18 0.15 0.1 41 590 280 12
* 11 0.00 0.20 0.1 30 290 380 -59
12 0.02 0.20 0.1 39 550 370 -33
13 0.10 0.20 ' 0.1 41 540 350 5
14 0.16 0.20 0.1 43 560 290 9
* 15 ' 0.18 0.20 0.1 42 560 280 15
* 16 0.00 0.35 0.1 31 210 360 -44
17 0.02 0.35 0.1 42 590 350 -30
18 0.10 0.35 0.1 41 540 | 320 10
19 0.16 0.35 _ 0.1 44 550 290 10
* 20 0.18 0.35 0.1 44 520 260 40
21 0.02] 0.50 0.1 a2| so0| 330 -10
22 0.10 0.50 0.1} 43 480 290 11
23 0.16 - 0.50 0.1 44 510 290 14
* 24 0.10 ' 0.60 0.1] 45 450 280 45




Tab]e 1 Specinen Nd ' Inferr]/[err]Nb[err]/[err]

WhCJ err] content K[ err] Q Tlerr] F- TC nunber

substitution substitution by wei ght) %

([err] O (ppm[err] Q) anount X anount y 1

0.10 0.20 0.0 41 110 350

10 * 2 0.10 0.00 . 0.1 37

650 380 -55 * 3 0.02 0.01

0.1 38 610 400 4§ 4 0. 10

0.01 0.1 _ 39 600 370 -46 * 5

0. 16 0.01 0.1 39 590 340 - 38

* gTable 2 0.00 0.15 0.1 29

230 Specfigpn Nd 62 Inmnzm MnCO, conébn@? ke Q. 0'1;15 F-TC

8' 1‘5 num%gr stﬁégfbtuiion suZE)tJ.tutlog :(:’%4 by Véeé'aht) 8 (%) 9 Q'C])O (5pm/°C)

0.16 gount x amount y ol 4 42 1 51 390

-5 x | * 1@5 0.100 18 0.00 0 151.0 36| 20100 1 380 A%}55

590 + 280 26 d.32% 1b.01 100 38| 2030 0020 -50

0.1 * 3Q, 299 1 0.10Y SOM 0.011°9 - 1.0 33 1980 0.0%  -45

0.20 0t 39 55D 370" 33 13

0 10 L* 28 020 0:16 0.0pl, 4319 g 20004 370 -40

5 * 14 29 0.9016 0.15 0 20 3.0 36| 18197 400{ 43 -65

560 290 30 0.927% 15.15 318 40| 2010 Bo20 -33

0.1 43, 560‘ 0.10480A4 0.15 15 *A 3.0 L6 41 1910 4%0(9 -12

0. 35 O 1 3t 2P 360" -4 [

0 02 32 o 35 9:16 0.130'4 43-9 4 19204 300 -10

-30 * B3 0.18¢) 10 0.15 0 353.0 39| 2000[Q 1280 410

540 * 320 34 16 oo 19 0.20 0116 39 1820 ] 0.330 -60

0.1 44 35 559 . 0.0290 o 0.29“10 ¥ MAL?D 40| 2030 Oy74 =30

0. 35 Ot 472 —520 260 A0 2T

0 02 36 o 50 9:10 0.20]' 1 1P 42 1890 |50 350 2

-10 37 0.16(0 10 0.20 0 501.0 42| 2040 |0 1290 4310

480 * 290 38 ' d.is 23.20 .06 42 2100 (2sb( 14

0.1 * 444 51,494 0.004-904 0.35 14~ N A3.024 39 1870 Gy73 -50

0. 60 LV J 35— 450 280

- 9- Ao o Sp%@?l. DA 0.35 T \ g 3.0 41 1990 350 -22

In[erp]/lerrfNblerr]/[®AP] MCU-8%f] contenB-0] Kk[43r]r] 2000 320 8]

T[err| F- TC marfber subgtitutiorw.3s|substitusioon  43% bysaesgi ghdop [ (99 13

(O «ppnt gir] C) 0.18 groynt X 3.0 | @MU Yogho 26042 20

0.10 —0700 TTO 36 2010 380

_55 A 44 0.02] A A 0.50 N 41 1940 1339 -2éé

2030 A - _&00 0.50 1.0 43 1960 290 9

46 0.16 0.50 1.0 45 1960 290 14

* 47 . 0.10 0.60 1.0 44 1900 260 8




1980
1.0
0. 15
0.02
31

360
40

0. 15
0. 00
- 60
2030
1.0
0. 20
0.18
14

1870
3.0
0. 35
0. 16
13 *
1940
1.0
0. 50
0. 16
14 *
1900
10
I n[ er
F-TC
([err
0.10
-52 *
2040
3.0

0.01
0. 00
- 66

2020
3.0

0. 15
0.18
10

*

0.01

27 0.10 1.0 38
370 -45 28 0. 16 0.01
41 2000 370 -40 * 29 0. 00
3.0 36 1810 400 - 66 30
0.15 3.0 40 2010 380 -33
0. 10 0. 15 3.0 . 41 1910
-12 32 0. 16 0. 15 3.0
1920 300 -10 * - - 0.18
3.0 39 2000 280 10 * 34
0. 20 1.0 39 1820 390
Tabie 3 0.02 0. 20 1.0 40
Speci:;'gno Nd " 30 Inl,,m?gﬁ MnCoO, conten®-|10 ke Q. 'I‘,,O- :?0 F-TC
uumbﬁr2 su%fs%i%gtion :gs%gititutifbélo(%z by weé&l&ﬁ? (%) 10 * (Q’:)lf;épmeC)
amosin amount y _4|°q 421 21dg 280
* 39 0.10| 0. 00 0.00 0.3% 37| 2110] 3380 -39
* 340 -0 02 4Q.01 30./02 38| 2040 49035 -49
* 430 1990 4, 10] 390 0,91 [ 4% 3,09t 39| 2060 3,59  _4s
9. U (= Te) £UVU oy 4V [¢] [= 4
* 51 Q35 0:16 0.0l a%-9|  139d 2010 |og340 -39
* 432 0.000. 18 0.15 0. 35.0 27| 1980 (3. @90 486
269 02| 44.15 | 33.102 40| 2020 380 %0 -36
45, 1940 4 410|990 0,15 1 3.0 41| 2060 otV 10
1. U [= T) 1 IU LIV J 40
55 n N 0.16 0.%5 /!3;.0 1dﬁr 2010 20@0 -8
* 4736 0.180. 10 . 0.15 0. 603.0 44| 2050|1. (@80 4410
* 36( 0.08 0.20 3.0 28| 2000 380 -62
I T L | U] €11 /i T VI Cl CUTIU C©TIL L=
nu-n%erﬁs lsustt Eéi’ on Cﬁs?q LL:LDQ ALY, l i g?hﬁ:g,‘“ co8 L
1C) Eppmi[err] @16 0.20] anount X0 43 | arAsant \29s 48
* 61 0. 0®.1s 0.20 B. 0 3.6 2370 2060 390 12
* ) 0.0 | V- 02 ¢ 35 0081 39] 2060 36b] . -35
44Uy =49 U U. 1U ). UL
3@3 2060 0.02 370 0.35 45 * 3.0 51 40 2080 E& 16— -~35
64 3. @.10 39 02%51D 330 41 -390 [ 10
65 0.150.16 0.353} 0 27,0 1980 2000] 3900 11
x 68 o8| U024 o 35 0.3 40| 2050 36¥]_ 18
YOU =90 9494 U. {1l U. 1O
/!f7 2060 0.02 360 0.50| 10 3.00 41 2050 §3g 3 ~25
68 3. .10 42  0.9000 390 45 | 2108 295 12
69 0.150.16 0.5} 0 4 90 1980 280 14
* 70 0.10 0.60 3.0 44| 1990 260 15




s

* 57 0. 00 ' 0. 20 3.0 28

2000 380 -62 58 0.02 0.20
3.0 40 1980 370 -35 59 0.10
0. 20 3.0 42 1950 350 7 60
0.16 0. 20 3.0 43 1980 290
8 * 61 0.18 0.20 . 3.0 42
2060 270 12 * 62 : 0. 00 ~0.35
3.0 39 2060 360 =5pl - 63 0.02
0. 35 3.0 40 2080 350 -35 64
0.10 .0.35 . 3.0 41 2110 370
10 65 Since the gpggimen 1 not cqutaining the sub copppnent 41
2000 290 11 * 66 0.18 . 0.35
3.0 Mgcos,zﬂggch is ogggide the ragge of thg7present inven@;@g,
8' ig has a 20§ %50 less méle%:hani%:oaito(gualitf’ f’fgoeffjﬂ:icﬁﬁtz 5Qm, S 198
1380 nggosuitable fﬂ.‘o,ﬂx% app}d'.cation Oir?oa %i]lfoer, a vibxsa@or,o %rb 44
3.0 +1. 1990 60 5 LN t he

4 o} g8 U1
speci nen Eﬁéo%lg%ntavﬁfﬁgv?%é %Sbtggnsg%eﬁ?mpﬁﬁfafé%¥fiswﬁ?%ﬁeﬁé out si de

the range;gbrblgchr @eemly gy il , t1RS fndPh®ind §5fop@stipnacatndual ity
coefficient Qn it is not “suitable for the applicationin’a filter, a

vibrator, sehteirtd@ opaddrieo\Riter forddted b CEHEI e ifpiemt s
i ncreased to 5% by weight, the insulating property of the sintered conpact

I s deteri oanhet be &pplildde pTherefsirieqn incaheopreseentplineéntiloey,efthiee, in
the present invention, the content of the sub conponent MhCJerr] is

def i ned t cobtentt olifeshe tsuin comppnsntwMn@, st dedtinedr &ot benndto%elsg

wei ght, wherein a preferable mechanical quality coefficient Qmncan be
obt ai ned &bapell- 1&s byhaeighdr ibah ingt praaitthan P by it ed easily.
Mor eover, as in the specinens 10, 15, 20, 33, 38, 43, 56, 61, and 66, if
t he anounWhRTEANsApPref@ran] epmasnagiqal quality coefficient Om can

be obtained as well as the polarization operation can be
conducted easily.

| Moreover, as in the specimens 10, 15, 20, 33, 38, 43,
56, 61, and 66, if the amount x of substituting Pb by Nd is
increased to 0.18, which is outside the range of the present
invention, the Curie temperature is lowered to 280°C or less.
If the Curie temperature is 280°C or less, the piezoelectric
property of the ceramic is drastically deteriorated by the
reflow at the time of mounting an element utilizing a
piezoelectric ceramic, such as a filer, a vibrator, or the
like, and thus it is not preferéble. On the other hand, if
the amount x of substituting Pb by Nd is 0.00 (the specimens
6, 11, 16, 21, 34, 39, 52, 57, and 62), the temperature

coefficient of the resonance frequency F-~TC is deteriorated



i ncreased to 0.18, which is outside the range of the present invention,
the Curie tenperature is lowered to 280[err]C or less. |If the Curie
tenperature is 280[err]C or |less, the piezoelectric property of the
ceramic is drastically deteriorated by the reflow at the tinme of nounting
an.elenment utilizing a piezoelectric ceramc, such as a filer, a vibrator,
or the like, and thus it is not preferable. On the other hand, if the
anount x of substituting Pb by Nd is O. 00 (the specinmens 6, 11, 16, 21,

34, 39, 52, 57, and 62), the tenperaturd2 coefficient of the resonance

frequency F-TC is deteriorated - 12
- beyond - 37 err]C it is not suitable for the application in, a
filter, aba¥y d:?P“!'ﬁé:rI ke Lannat Helarimtfor o‘%hesmt--}‘t’%ﬂ-ﬂﬁ pts by
Nd in the ran of the resent invention,. O. Ozlé éﬁ %err

pi ezoel ect® ild HPLr QEnbleatike- c JEVER FheampuR exr% onance

I%ﬁg??gfﬁﬁé‘b %&&#j”%ﬁﬁt‘# L LERF ] Eafe8rornchty PRPEPRCS SOVERRISR: or

24, 47
;ng 76 © Octq%e sea%?rmshg)'t rle‘Bdofa R O%:f%é{%fg%%rm?f%[er%?ﬁ?zgf]c:\lg'[agfr]/[err])
I's 0.6, {ao%th!;&e 3& %Jéth[e”] {a EeBBﬁé thgg&&%hﬁi} WiRGiGuri e

tenperature ess,
+37 ppm/°C and a 290°C or more Curie temperature,

advantageous in the application in a filter, a vibrator, or
the like, can be obtained.

Furthermore, as in the specimens 24, 47 and 70, if the
amount y of substituting Ti by (In,,Nb,,,) is 0.6, which is

' outside.the range of the present invention, the Curie

temperature is lowered to 280°C or less, and thus it is not
preferable for the reason mentioned above. However, if the
substitution amount by (In,,,Nb,,,) y is less than 0.15 (the
specimens 2 to 5, 25 to 28, and 48 to 51), the temperature
coefficient of the resonance frequency F-TC is deteriorated
beyond -37 ppm/°C, and thus the amount y of substituting Ti
by (In,,,Nb;,,) needs to be in the range of the present
invention;_o.ls sy s 0.50 in order to obtain a ceramic
having both the temperature staﬁility of the resonance
frequency and the heat durability.

A piezoelectric ceramic composition and a
piezoelectric element using the piezoelectric ceramic
composition according to the present invention are not

limited to the above-mentioned embodiment, but can be



preferable for the reason nentioned above. However, if the substitution
dmount by (In[err]/[err]Nb[err]/[err]) y is less than 0.15 (the specinens
2tob5 25to 28, and 48 to 51), the tenperature coefficient of the
resonance frequency F-TCis deteriorated beyond -37 ppni[err]C, and thus
the amount y of substituting Ti by (In[err]/[err]Nb[err]/[err]) needs to
be in the range of the present invention, 0.15 [err] y [err] 0.50 in order
to obtain a ceramic having both the tenperature stability of the resonance
frequency and the heat durability. = 13 & piezoelectric ceramc
conposition and a piezoelectric elenent using the piezoelectric ceramc

conposition according to the present invention are not limted to the
above-nemNQéiiﬂﬁgﬂKﬂﬁ#ﬂ#ﬁ%thﬁ th@ pange of the gist thereof. In

- 13 - nodi fied variqusly.,in the rapnge of the gist thereof. In
parti cul ar’-’,azitﬁé“glraécz'oeﬁ'é’bthr"Ez%‘F%?r%ngseﬁﬁl“ePleﬁeB°Fo1t14i‘éted to the

e, Nor ORI AR emred e ¢ Pt CBRebBeReFibratosns or Sebcan be a

el DR Tt R e G

ceram ¢ GRBREIdAY UKL ErHO9 AL BE 31 UheckABEE! £1881ng  viBEation
mode. '

As apparent from the explanation provided above,
according to the present invention, a piezoelectric ceramic
composition having a good temperature coefficient of the

| resonance frequency and an excellent heat durability can be
obtained. Accordingly, a piezoelectric element, such as a
ceramic vibrator, a ceramic filter, or the like, having an
excellent temperature stability can be realized without the
risk of deteriorating the ability at the time of reflow

soldering.



resonance frequency and an excel |l ent heat durability can be obtained.
Accordingly, a piezoelectric element, such as a ceramc vibrator, a
ceramic filter, or the like, having an excellent tenperature stability can
be realized without the risk of deteriorating the ability at the tinme of

ref.l ow sol dering. - 14 - VHAT
IS CLAIMED | S: 1. A piezoelectric ceramc. conposition containing
at | east Pb, Nd, In, Nb and Ti, represented by the general

formula Pb[err] [err]Nd[err][(In[errf/rr]No[err]/[err])yTi[err]y]derr],
wherein not | ess than 0.1% by wei ght but not nore than 3.0% by wei ght of
Wh based gn. MnCOB is _contai ned as the sub conponent in the nmain conponent
having a"Mpdsi (GTHMER il¥ying 0.02 [err] x [err] 0.16 and 0.15 [err] vy
[err] 0.50. 2. A piezoelectric elenent, using the piezoelectric
ceram c conposition according to claiml.

1. A piezoelectric ceramic composition containing at
least Pb, Nd, In, Nb and Ti,

represented by the general formula Pb,_
1.s:N4, [ (In,,,Nb,,,),Ti,  ]10,, wherein not less than 0.1% by weight
but not more than 3.0% by weight of Mn based on MnCO, is
contained as the sub component in the main component having

a composition satisfying 0.02 < x < 0.16 and 0.15 < y =< 0.50.

2. A piezoelectric element, using the piezoelectric

ceramic composition according to claim 1.
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