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Abstract:

JFE Mineral has developed high quality Pb (Mgi/3Nbz/3) Os-PbTiOs(PMN-PT) and Pb (Ini/2Nbi/2) Os-Pb
(Mg1/3Nbz/3) Os-PbTiOs(PIN-PMN-PT) piezoelectric single crystals for medical ultrasound transducers and sonars. In
this paper, the continuous-feeding Bridgman growth method, which predominantly improves the compositional

uniformity within the single crystal ingots, and the attained stable piezoelectric properties of the single crystals are

discussed.

1. FC&IC

JEEAMEN, BN O T AP 52 b NIBRICEE 2 #AE
T2, HbWLIE, WIIEELMZ S NI BICEKI O T A
PRLET 5, Hl2E, BoLoBEEICIEREIRIIEZ R 5
ES1e o =R EY 2 AT 58y 7Y F—F5%i S
NTVL2LO8HY, INLIIFEBEMESHOLLNATY
5o 1K, HEEME L L Tidm ko Pb (Zr,T) O3
(MTPHDh7\/7X(§mm)ﬁf<@th%
fons, M PZTOEERELY RBICBET 5
Pb (Mgi/sNbz/z) O3-PbTiOs (LR PMN-PT) 8 & Of
Pb (Ini/2Nbi/2) O3-Pb (Mgi1/sNbs3) Os3-PbTiOs
(LU F PINPMN-PT) HfE@Ep R s he 2, cho ol
fidmg, ZoEn i EERE (EEEE ds~2 000 pC/N,
BRI BRI k3s~0.9) 12 & D, BB E IS
O7u—7 (BERLEZET LY — %‘)@%E?
MRl LCERESH, ZEmEommikicmZmt v
2%, 37, WKEEDY F—ONETYL, L, 2EH
oK, HEZ 2 VvF—DIEFEOF RV RAEN ST
», BESOFASEAIMCRHIATL2 Y, Znk>
75 PZT OEBHAER~OE & #1213, ¥ F—1kEEm Lo#l
WL EVEICLEN T e PRI L,

JFE 2 2 7 v Cli3 PMN-PT 2 OF PIN-PMN-PT B 5 84 i,

Ev =5
A Fe

2020 179 J1 30 H3Z A

Copyright © 2021 JFE Steel Corporation. All Rights Reserved.

RLITRICR~2 TRTEELTWS, 27, FEEZERL,
RE S ¥ 3 BN TACHAEROBEERA > Ty 2155, X
W MTTRETA > Ty F oY 2 —EIRICY) D H LTI,
YW R OWREEIC & Y, e 4 A0FEREE2, 61, 2
sy 2 NS &) FHAROWHENIZ Au FOBEEM L KT
%, iR, HWAERTH S HAEMICEBERE LS ¥
51z, BB IZ 500~1 000 V/mm FEE O E R E S 2 HIn
, R A R CHE Y T A,

%% JEFRHAMOBER LRICIZ 7Y v o< iEdflib
NTa, LrLEHs, ZOHEE, —/AmEECES
T D32E T, MRIIKTE S 2 EBRMES A >3y FINTE
FHILCLES7cw, A>Ty robh S 8RR K
EREEEPEC 2 Y LI FED B -7 7, C OFE R R
WY B700, kg, FERERHG 7Y v < v B
VI IE OB A > Ty FEREI R R L 5,

AfgClE, FREEGIG 7Y v o< o BRIECEETEHE
RS N7 AL O ME R RS OWTHEN T %,

2. EREGEET )Y I VERE

FoRbE MR 7Y v O B RIEOMZ AR 1 IR T,
HEH O 2 DTN FRE S 7P ER o PMN-PT 7z
PIN-PMN-PT £ 7 2 v 7 2% 2416 DRl (~1300°C) L4
AL, AEE RN T b, %@%:,Tﬁigﬁﬁ
PETT2FNRESHE T2 28T, 22001F MEUICE



L ZE P B 72 PMIN-PT J2 OF PIN-PMN-PT £ 78 HLAG

A Additional
ceramics
Platinum .
crucible I

Melting

Vertical position

Downward

o Crystal growing »

Temperature

T RREGHE T ) v IV EREDEERH

Fig.1 Conceptual diagram of continuous-feeding Bridgman
growth method
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Fig. 2 Calculated TiO2 content distributions under various
ratios of feeding rate R to solidification rate Rs
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Fig.3 Schematic diagram of growth system for continuous-
feeding Bridgman growth
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Fig.4 Normalized TiO2 content distributions of PMN-PT
ingots along growth direction
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Fig.5 Piezoelectric constant dss distributions of PMN-PT
ingots along growth direction
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Table 1 Typical properties of three single crystals
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Fig. 6 Polarization hysteresis loops of type A- and type
B-single crystals
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Fig. 7 Temperature dependence of relative dielectric constant
for type A- and type C-single crystals
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