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Abstract

A perovskite relaxor ferroelectrics PMN is used as an important material to investigate
the diffusive phase transition phenomena. In this study PMN single crystals were grown
and the microstructure were observed. For the growth of PMN single crystals, the spon-
taneous nucleation technique and the TSSG technique were used. 2-5 mm single crystals
were grown from PbO self flux and it was observed that only PMN crystals were grown
when excess MgO was added over 100% as flux. Single crystals with well developed (001)
faces were obtained from PbO-B,0; flux. Single crystals larger than 1 cm were grown from
PbO-B.0; flux by TSSG technique. For higher quality crystals, optimization of the variables
such as the rotation speed of seed crystal, the orientation of seed crystal, and cooling rate
is needed. With grown crystals, it was confirmed by TEM diffraction pattern of thin plate
crystal that the 1:1 ordering of Mg® and Nb** with small volume exists.

1. M

rhu

A WAZEA] G, Bl A ellx a4 E

PbMgisNbzs0s(PMN)2- tlEA <} &b3td 71 s o3 wifell va-294 HE58 o 8-5]

A (relaxor ferroelectrics)® &hubad Aol (dif- v} w3k Z AefAl55 Holn] A&ofx] o]2He] A
fusive phase transition) %% d7sl=d Sast 9 o] whE S el vl4H e Azt dag

MEE o] 4= ek o] FL- AB'BNO:E E3E  dlFofolE] AjF R o]Fo] of bt
[
2

Bz vl B shghEe] shbE Mg'te
N7} Brlel & B 23hA] Ax]ska gleh f21& 29 Aoz} W &s] Aefso] gl Ale] 2o

WP 2 A A 79

o] AARollA] w53, 2Enistel Tl sl



2
=
o

o
g
o
ﬁv
ol
do
il
ey

71t F ohA] M A3] 2riEhe s
Bolthl 234 Ao AFAS At 2
o} o]H RS Bo|Aut, FAEo] Felghs
2k 2xolA 0)2]d o|HHARE ol 2telA] 1 A
Lolli e ol date] Fhau|A] grect??

PMN-2 BAte] & 2R 3|z o]-&o] 2A4-& 714
A sr=chy A 9lvh e, Al D. Hilton 2
& el Mg™ el NbPtolo] 1112 wjdste v
293 9qe] £AE salsldnth o7t g9 &
A= FHAR A BHdS 23, o
HAAo] Aed AL FAo] S AT B 7
& o377} o) Foix g} ¥

PMNol| thd Q= At gHAdo) o3d7] o
ol =43 SIES A7) 3 g 2 24 3A4F
5 EAo I3t At TR o] FolA shr
ZHA A dnbEQl AdAlel ek b
AEo g A= TR 2 AASEAY &
6.9 10 Wef 2 o] Foizi k=, o| & ¢} 8|4+= py-
rochlore Ao §l2 AR IAYL §le FA Y A
S o]43h= 7o) asie), AR gl gt B
T 2ok @A ol W Az o dafA e
AE A7} o] Fol x| 2] & AAolch

2 odFeMe PMNZ 22 $3hE 750 A9

-
oy
Z

1

H
Ein
A
T

rf

25

o
kl
) FFroh dme] 2ol whE PMN 4] e A

AR AAe] AL ARk a3 Hxe

H7xAL PMN 243 42 AH-5e Pho,
87(wt%)Pb0-13(wt%)B:0:2] ulE& wW3hA 7}
MgO ¥l w2 pyrochlore A+2] A4 A5-& It}

EE R E R R R

EEELE B

7] $15ked Mg0®] A71eke WSk Zich. PhO §A
£ o] 43 % gAY XL 40, 50 wt%=E WA
73, ko 2 Arlsle MgOs e PMN 2449
MgO ¥t} 5, 25 100, 230% ol H~}sisich
PbO-B:0; $AIE o438k A$o= Bonner 7]
Ag 248 Fusted AR3lgdch Bonner 52
Kyropoulos ®2Z PbhO-BLO; HAHE A3t
PMNZAS AAAZEY dZe S48 2Ao]
Pb0:55-80, Mg0:5-25, Nbz05:4-15, Bx03:6-20 mol%
2t AA L AA] 28] Ad A= Pb0O:60, MgO:
20, NbyOs:6, B:0s:14 mol% 243 2] 48 x}-8-549]
o}, ZpEal A3 o AAS A A= &
Ao kS A3 As) NI E TR
Hasigct, AdEAA e e =S e
4 9lem g PhO AT o]-43F 7ol PbOY
Fteko] go} AAA o] BrFsedch PhO &4
ol BOw7F 7M™ o] A=k a Ui A gl
PbO-B0; §41 & o]4-3 A ¥ 3isdct.

4571 Eeldle S ddAdEr 70C A%
=8 25 olA 5A7 % 4 #H(soaking)3hATh. &
A3} 57} Folxd P07} 3ibsl= ofo) wWolx]
2 IS E A7 AR deA Qleh o
B2A e npE AAbdn Fo1A ] et BE
tzog A ueld AR ARtEE 2
7t 2% dard a8y mrhded BEE e F
Au} AAE7] A, A3 B Fol PhO2] FHiibel| ot
2 2P} o] Fd AoT A 4 Qlvh o
2HA o1& Alaksle] Skl g A9 Ao o
AR Lxdo} ¢ 30°C & SxellA e AAA
e ARl 2R 5 Fo  AAE AR
A1717] 918 1°C/h2 10°C 7oA W2kl 5°C &
23k P74 (cycling technique)S 3-43] ub
Baloiel o] AL 73 F 1°C/hE 150-300°C T+
ZhellA] W7tsle] AAS dAsiodch. AAe] ¥
AF2712] 100°C/h2 W73teiet

A EAA ol M= g-Be A S FEAF 5 9l
257 87} 3] & LxolA 50-70°C H&
Lo TR vHE FHly|E o] 43l 24
7t Ax wdbsle] $0g FAstsidch $A1A4 9
A7\17} A A A dFEEE A4S F ol
A FF2enct 3o 5o xS G




A8H 23, 1997

PbO2] 3e] £-9] 2A) L HislA7| B2 S
ol wet A @ &7 gk 4 9lth
uwebr] &, A HA-E A3 she] v A
YA v)5g o]H S 22 Aelo|A] w5’ 1A
HEFREE A5k 2A) st x5 HaA) 7|
A FAARE Rl ZAE AR R de @
FEEE 2] A8 FAAE 2T A= 124710]
A frAEe 2 WSk Ak e 255 Wi
7IRA FAAHEE A3k 0.1°C/hE 247
WA 2AE A = FAA o wheks Wizt
Al71A 2 deke JaAsiect old) a9 3
AL EE 50 rpm o2 2A 8}

AR AA Y AHE Balsl7] $lEte] X4 23]
AEAME 39} AR 2L FLE BEe Cu-
Koil& AR4sle] 20=10-10014 2437 Koyell
2% 33 E AT F, A 35 s

AR Ao e BAF2E B2 94
1722 Aot dnl $2g 9l

A& diamond saw® A3t F7)2
iC ALE 2} tlolo}E pasted FHS o

"
H
=)
)
22

|

N
)
ok,
+
wm

3-1. SR ME

APl Axw 0 2 PhO §AHE o] &3 A5l &
Ae] AU E 40, 5028 W37 AS wF 35
mme] 54 o) gl AL 4& 49l &
Mo} FA ol ufebr = A9 F7|v} Bofo] iR
W3ksA] adsirh AR L Axgdo|gly YR &
Batodch A= A o] AAl-E Fig. 13 2o},

A1) 2AJol 50 wt%d o ko g Hrlsle
Mg09 <ol 25%7} 2 wj7tx] PMN AA 3} 34
pyrochlore 4= &= e} 2eiy 100% 14 A
7¥gk A%l £48 PMN Abdte] ko). w
2tx o]F A¥e|A = pyrochlore A2 A8)7]
3H MgOE 100% ©1¢ =2 A7} sgic).

PMN #jz}e]-& 248 dol= MgOE 5% A&
sjeko 2 H713ho 24 pyrochlore A4S A &

%Xﬂ 'ﬂ °“ 9’] % Pngl/ssz/so,%‘a'@;S‘ }‘é Xc} 77

Fig. 1. The transparent and greenish yellow PMN cry-
stals grown from 50 wt% PbO flux.
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Fig. 2. The PMN crystals grown from PbO-B,0; flux at a 1°C/h cooling rate. a) dark surface crystals; b), c)

greenish yellow crystals.
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Table 1. The summary of PMN single crystals growth by spontaneous nucleation method

flux PLO Ph0O-B.0;
flux composition 50 50 40 PbO 56, B,O; 5.3
(wt%) 5 25 230 100
cooling rate ("C/h) 1 0.8 1 0.1~0.3
growing temp. (‘C) 1250~-1100 1250~920 1180~-860 1150~860
flux evaporation 9/60 13/140 30/200 3/50
Phases of grown PMN & pyrochlore PMN PMN

crystal shape

crystal size

no face, dendrite, plate, greenish yellow

5%3X2 mm’

(001) face, greenish yellow,
dark surface

4X4x2 mm® 12X12X6 mm’
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Fig. 3. The PMN crystals from PbO-B,0, flux by top
seeded solution technique.
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Fig. 4. X-ray powder diffraction pattern of PMN (a)
grown crystal by top seeded solution technique; (b)
grown crystals having dark surface; (c) annealed cry-
stal (Filled diamonds represent the pyrpchlore peaks).
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Fig. 5. Electron diffration pattern of PMN single cry-

stal taken witth the <112> beam direction. F-spot is
indicated with arrow.
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