WO 2014/156015 Al ||II|II|||I|I|||I|I||I||I||II|I|||I||I|I|||||I|||II|I|||II||||II|I|||II|I|||I|I|I|| L

12) FEFBAENICE DV T AR S -ERERE

(19) tt FLAN T A HEHLES >
EREER g
@3) ERABE EE?

2014 10 A 2 H(02.10.2014)

10) B RES
WO 2014/156015 A1

WIPO I PCT
(51) B4R MELZNEMHEERSTM14%F 1 8SHASE
C04B 35/00 (2006.01) HOIL 41/333 (2013.01) % [ %Hﬁt% T A Aichi JP). IWE  F JK(YA-

eay)
(22)
(25)
26 E
(30)

1

(72

HOIL 41/09 (2006.01)
HOIL 41/113 (2006.01)
HOIL 41/187 (2006.01)

HO3H 3/02 (2006.01)
HO3H 9/17 (2006.01)

ERHEES: PCT/JP2014/001358
ERHRER: 2014 £ 3 A 11 H(11.03.2014)
ERRHEDEE: BAGE

ER 2RO ERE: HAEE
BRET—4:

4%F8 2013-071778 2013 ££ 3 A 29 H(29.03.2013)  JP

HEE A BARYSHMEE# K £ 1 (NGK SPARK
PLUG CO., LTD.) [JP/JP]; T 4678525 BEHMEZ HE
TMIREREEET 1 4% 1 85 Aichi (JP).

FHBE: LK IE A (YAMAZAKI, Masato); T
4678525 BB Z O ETMHBERSTE 1 4 F 1

SEAAREHKBEXRAXSHERN Aichi Op). 2
E 3= (MATSUOKA, Takayuki); T 4678525 BXE A
TETREERSI1 4% 1 8 EAASKIBE
HBEXESHEAR Aichi gp). dbF  FIFR (KITAMURA,
Kazuaki); T 4678525 BHIR B H ETEFER STHT
14%F1 8ERAEFHMEKRIXESHA Aich
(P). IMNFE A T(KOZUKA, Hisashi); T 4678525 &

(74

(8D

MADA, Hideto); T 4678525 BEMEZHETmER
EtE1 4% 1 8EBAREHKE %H‘:TAHW
Aichi (JP). B#  #IBJ (KURAHASHI, Toshiaki); T
4678525 BEHR A G ETmRERSTE 1 4F 1
SEHAEHKMEMRKXESHAN Aichi JP). £E
£ (KASASHIMA, Takashi); T 4678525 BEHIB &
ETHEERETE 1 4% 1 s SHASHIER
XA Aichi JP). HHF B Z(OKIMURA, Yas-
uyuki); T 4678525 BB & T E hinfE XSt 1
4F1 8 S BARGHMERIKHLNA Aichi UP).
K#  FIE(OHBAYASHI, Kazushige); T 4678525 &
MELZNEMHEERSTIN14F 1 85HASE
HIEHRK SR Aichi OP).

REAN BEXEBEAN HREERESHEMR
(TOKKYO GYOMUHOJIN MEISEI INTERNATION-
AL PATENT FIRM); T 4600008 ZfNEZ T ETHF
RE—TH12%1 7% Aichi (JP).

BEE (RFOLGEWVRY ., £2TOEBEOERNRKF
#E A TEEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
FL, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,

[(fEH]

(54) Title: UNLEADED PIEZOELECTRIC CERAMIC COMPOSITION, PIEZOELECTRIC ELEMENT USING SAME,
DEVICE, AND METHOD FOR MANUFACTURING UNLEADED PIEZOELECTRIC CERAMIC COMPOSITION

(5£4) RADEW  EREEESRERY. TNERAVEEERT.

HE. XU, BEnEEMSERYORIE

BRI R Aoy M (57) Abstract: An unleaded piezoelectric ceramic composition includes a
= g T s Y first crystalline phase comprising a niobate/tantalate alkali-based perovskite
Py =i OC| (HIE L wekm | =R . . A . . .
u5_op] ] wmlo| x| oo [www | . | "™* | oxide having piezoelectric properties, and a second crystalline phase com-
iﬁli E:i i&: Ba _ - ama ss ou : EE prising an M-Ti-O spinel compound (the element M having 1-4 valences).
R T s e e [ es (57) BN BEMEBHSHERYIX. EBEREERTS=AD
o TR BT m e e SR RNETIVAYRRATANA FERIEPD TR EHE 1
ol e | o w e e FERMEE M- T i —ORAERIIEEY GTREMITT1~4
e s o e {ORR) Mo SE2ERMBE. EET,
NNBF ERHEEHE - (KGNaLLCIADEI O

(EHCECa
el miL\JMgAS Mn, Fe. Co, NI, Zn, Ga, Y —flll & _ arhced=

080 AL, mROIND Ta, T, ZOS50LEEANRIETSE RS AL,
SULFEL thg=1, AN OFRIA FEMHLT SRBOM:

BRI num nmo
P (ML, Mg A 0, Ga. ¥, Zro— 13
i v:rwﬁx\ S S T r;xm;mn BT SERDR)

QQ ) EERAETT

AA  Impact of sub-phase ratio an piezoelectric characteristics

BB Sample

CC First crystalline phase {main phase)

DD Composition

EE Second crystaling phase (sub-phase)

FF Sub-phase ratio

GG ElementM

HH Relative permitivity

Il Piezoelectric constant

JJ Electromechanical coupling coefficient

KK Room terperaturs phase shift point

LL FIG.8A

MM Same

NN First erystalline phass (main phase) (K NayLicCqlo(DE 10,

OO {The element C is one or more of Ca, Sr, and Ba, the element D is one or more of Nb, Ta, Ti, and Zr,

including at least Nb or Ta, the element E is one or mare of Mg. Al, Sc. Mn, Fe, Co, Ni, Zn, Ga, and .,

a+b+c+d=1 eisanappropriate value. f + g = 1, and h s an appropriate value for forming perovskite)

PP Second crystaline phase (sub-phase): M, TiO,

QQ {The element Mis ane or more of Li Mg, Al Sc. Cr. Mn, Fe, Co, Ni, Zn, Ga, Y. and Zr. the coefficients x
andy are relative values with respect to the Ti content, 0.5 < x £ 5.0, and y is an appropriate value
for forming spinely, (") indicates a comparative example

RR Yes

$$ No



WO 2014/156015 A1 |IIWAK 00N A0 0 T O

84)

LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG,
PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,

UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
BEE (RTODIELRY ., 2 TOEEDLER

# A EIEE): ARIPO (BW, GH, GM, KE, LR, LS, MW,

MZ, NA, RW, SD, SL, SZ, TZ, UG, ZM, ZW), 1 — 5
27 (AM, AZ,BY,KG,KZ,RU, TS, TM), 3—0 v

/N (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM, TR),
OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

AT AFRERE:

EBRRAEHRE (FHF 21 £0)



