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® E: NASATERETHRBRAMKERR PMNT PEBEHWHAS SEMHEELRY
FRIE. ME LA, £ PMN-PT W=7 XA, B PT & RE9HE N, BBFE5H R I 40 -(E 3
BE)- AN RS - MNEBG AR, =07 - WHAEES, Jk 180° flE k4 71°(FH 109°)
FRWF -90° KBFH AL, RN BBEREEBENMN. RELRASL PMNT GBEH BIRHFIE,
BB RATFHRTLUEIERRBREEFANEESI. REET GBHITAYS
H5EREWAR, MESTALTREWHRBRER, FESSHATREHEEFR. KB
TWEBHME. DIC. SEM . SEAM %30 £ J7 i oF By B8 ) R (R4 4 .

X @ §: wBAGKwaL; ERRf,; PMNT, SE4H; M85 - RWHEE

hEA%XS: 0723 XMEFIRE: A

1 5]

A (1-z)Pb(Mg; /3Nby/3)03—zPbTiOs(f&i 5 4 PMNT) 5 (1-y)Pb(Zn, ;3Nb,/3)03—yPbTiO;
(B X PINT) AREZM BB UG H B R EREETIRRTEZ T 8 AR NE
RERPITEHE PMNT BRARKK I —Bridgman ¥, TRT UHBBRENENEL
ERTEERE VAR T EYTERRE, k587 AR TH PMNT 8.8 U, 4E b8k i & ik,
PMNT & s ¥ e 5 H i BE 25 M B 1140 5.

% PMNT B &R L2 T085 (B 788 SR BRI X I #ET IR, SFREWX B
B A SRR K/, 4 PMN % 5K F a4 X 89K/ 4 1000nmb). %8 T HRTEM il
REAHAKEEFRE (HF) kMY enm 24 6, MiaBFL4EE, HRFHME
Sk 1.5~3.0nml"). ZE45 PMN o, 0 PbTiOs /5, BE PT Ry, A FEBE69 R 13/ 6, 3¢t
F 4 PMN 5 0.93PMN-0.07PT ik, Y EMNAHERKFEER LERTEMNM T), F
Wi —E BB e, B TEM 8063 BT RS E (189 ZBEGH B X Fhisns - &
BRI\ R BHEENER. R, T PT & <40mol% 9 PMNT ik (& &
BME), CERS5FRESHT, BMNKRLEREHNRETENHRE. XTS5 PTSRA
—ESr TR PMNT 5 @l & kMR D, X —RAWENMEST2ZRERT. &R S
HESNEW, EHENEATFAFEERAEL.
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2 SOK I £ o B st R B4 5 9 PMNT B8R 1 3F 180° B BRARIEH#ITMER 5, HiT
MBS AS SEMELH LR SFE.

2 xie

K Fl —Fh i3t 4 Bridgman ¥4 & PMNT 88, HJEE % PbO . MgO . Nb,Os . TiO,,
A PbO YE R, BPEEMA PMNT kA KBl FANFREKER, XBR5ES%
FERBARENEEXNZ — SEMRSRIT N PMNT76/24~65/35. 23 ZRKEIK, A
B E KB R T 440mmx80mm , AELKT M. = H W 45 E PMNT # 5.

A& kR S A PMNT BT ER ., VIRSML, #ESLEERSFOHE .
HENBTHITHENE, BRAEHAEFERN Olympus RAEBHES MO THWE B
(DIC) , EFT BITHFH T i s 75 B35 (SEAM) 5HME T B (SEM) , URESHETF
BHE (TEM) S LB FERHITEERKEBEESHMAABORN. 1EME B RS WM &+ &
BT AP H A, SEMREEA HE+HC BT 2@, 1 SEAM IRl &9 £ v R
e Y438 ; 4E DIC YL &9 4 5 BT LA B D6 7 508 Au BBARBY & F s /E TEM X 3l 49 #E 5
kT TR A 056 0 B B <0.03mm (9 {110} J7 (6] 4 40 9 4.
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3.1 BEFEHIPEE S AE AL

W% PMNT &4k XRD \ A SRBHOTER, 454 PMN-PT K BEHA L, 77
GRS PT (&S B A{L. PMNT76/24-PMNT67/33 Stk H =%, PMNT65/35
AR IRPEHR, SN EREEFEE=FHXAMASZL, LHE%K
W EEZIR, BEESEHMEBZEA. E=EAES, BRBATEA (111), WEE
B 71°(3K 109°) B BE, MM ARk d, B Z\AF4T (001), B ALAYHE 180° B BE N 90°
BB .

Xt F PMNT76/24, PMNT70/30 @ikt ., FPIIRMEE AT 71°(5K 109°) B, RH
5 PMNT67/33 & AHFE MM A () S8 B E FLABHETUE, TRAFK
el XTRESHEBERTA/D, EUBRERBHAX. WM PTHM, = PMNT67/33 &
&, ZHBEBESEHARBREX, BNERE. AW, LRASRENBEBEERLBHETR
Al LB R K-

XtF PMNT76/24 5 PMNT70/30 Sk, ARABHERN TEBERRASIBPERY
71°(3 1C9°) HEBE. XA BB BEEGIFERARKHNA . EKRAH ERK. BBEEHE/H
RWEEAE., RWHEZAFE, BEENESEREE (H1). 7 (001} V1T L aBERERARL
X, BAERKBHRAT—4ABRmSElEMXE. it FEZXREET SFAEEERARE
WFwaE; EXFEER0.03mm M@#, TTUBRERTHEMRMK, EF2HLEH X,
XRAREPTFESESH — SBHAMARENINEHEERX. BREARAMNBRTEEZ
Hx.

Xt F PMNT67/33 fa ik, MECEBHE T WERY, HeaBBRERKEYY, ZHEEEN
BHAKMFE. R0 90° ABEMES (B 2) ; A2 XENW BRI muESt, BESS
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PMNT76/24 5 PMNT70/30 & (& &9 71° sg WA 1. St 50 Fl LA {001} o iy 52 0 X B,

TILA R B B K nGRE 7y 4 {110}

B 1 PMNT76/24 gk 71°( 109°) g
W (IEZZ 0t T)

Fig. 1 71° (or109°) domains in PMNT 76/24
crystals under crossed polarizing microscopes

B 3 PMNTG67/33 it M y, Ed K&
i 3 3 % E 2% 8% L %€ (DIC F)

Fig. 3 Domain configurations in PMNT 67/33
crystals, shown on plate surface due to the dif-
ferences in height under DIC

M 2 PMNTGT7/33 fh iy s S5 1, | A
SHRALSHNTFHEOEAT (EXRET)
Fig. 2 Domain configurations in PMNT 67/33

crystals, shown as straight and coarse stripes
containing substructure under crossed polariz-
ing microscopes

M 4 PMNTG67/33 f (k dumbit) thiR, #cng

e I U P O

Fig. 4 Etched images of the domains in
PMNT 67/33 crystals, illustrating the sub-
structure within coarse domain stripes after
etching

AR WS F 5 ¥ B 08K (DIC) 7T LAX M BG & Mt {7 %K. DIC B —#HHER+FFRA
BB, ) AF B 40 T ok 4 28 S AR a0t ) 8 32 K £ B BE 2 1)
A BRG] E YRR 25 1 X BAR b O A OGR4 3 R o
FER PR, WX THGeERE S, WHARGMERFERSTHE. B3R
HTHWET B|i/E67 PMNT67/33 & (k&b R M Loy RIS, € 1A KW F & 6 T8
&N, XN R EER RIS M ETE, RENRRTS TRMYHFE, T
LRLERMOAFH. EXHRTLEMRRERRESSRDE, UAETFERMHEREEM

BT RAD R R

PMNT67/33 i {& ity R BE G5 M AT L AT A TR R 54, R —RATRBERW T, EWK
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—R R (P 2). 7ERER0 5 SUMBRIE & WY MR BT, UK — 48 oy ol g I 5 T L 4 Bl b 87 o
. FHARETE (001} V1A ERERGEE MR, SR EMEHNh—HE52HX (XM
K 45°) B UK W BE S AR, A A K 0 B B ] 6 32 M1 0 90°. SC R b 45 U R W BE O R —E R
BRI AWE. 7£ TEM F, WHE DT RE 20~40nm 1 L W§ (K 5) , X8 PMNT fifk
RN EREMRTUEBRERE—E.

B 5 PMNT67/33 dhiktimi) TEM HE{R,
B T 48 46 32 ) W BE

Fig. 5 TEM images of domain configurations
in PMNT 67/33 crystals, shown as two groups
of crossed domain walls (magnified by 49,000
times)

B 6 PMNT65/35 dhikpaysimysssy, FH
A, TEXKREH (EXWET)

Fig. 6 Domain configurations in PMNT 65/35
crystals, being straight and coarse, and con-
taining substructure under crossed polarizing
microscopes

3.2 EMERMAGERNNOTL
u PT #—2# & PMNT65/35 i, §
M E = RN, KPaydE
180° B 71°(3R 109°) $53E % 90° o Wh.
P4 75 41 PMNT65/35 § f& d1 % 90°
B§ 5 BaTiO; , PbTiO; %33l €% e {4 45
i, BEMASARMERD ZFEg. £
1 4 2 & ot 8% T0T 28 1 A i 7T LB 90° &
. EMNERIMLAFHREESN 0.2mm
ERMFRL X ROE 90° B BELE iR
MR R EmERY. ERYEE M
6T, VT LA Bl itb U0 4% 33X 7 00° g, H
BGBEE N T E LK (A 6), 3 — Mk
F 50~120pm. [ 75 6 i 41k £ RE
—HEZHFENME, REHFE K E
FEHEANHERE, EEEWRTHAHAE.

B 7 PMNTG65/35 fhik a9 00° i ng, Wy
Edh LR, ST P NN R Zigeag B
EE(EZWET)

Fig. 7 90° domains in PMNT 65/35 crys-
tals, illustrating the domain density enlarged
near crystal boundaries, and domain walls be-
longing to different grains connected near their
boundaries in the shape of zigzag

FE PMNT65/35 f & b 0L 20 40 00 %5 il cR 0 5 F EL L 3L AE MR, X5 PMNT67/33 fy
EHREAR. ETLRIERASI0HAHRR, ERHRDIMMEPLb, o wh s
SEA ORI, eE RS EGE, SEEE RN (B 7). KPR AR o R N B SRR T R
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RGBTSR, T Zig Zog M MEREE L, AWM N R RMIOG R, HoAL, K
944 H 1 00° HURGH R £ LAY (FE 6).

#1/ SEM 55 SEAM 3 PMNT65/35 8 fh:#% 0 Hu B0tk 47 T WM. Xt F e bt SEAM
AR EE A DU T R AR, 15 X T IR T T, BT H A
Mo SRR MM BGA . KT M09 M T, TRl SEM FMM B PMNT f feir gy
EROH, EEMIERE. XTGBT S, F SEM WA E dmbity (B
8(a) , SUBEH FIM:GA MR WA, {07 SEAM F, of LLWW W H TR AR 5] PMNTG5/35 4
By B A, 1R o A1 6] L A9 (PR ().

s e '

_..._
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M 8 PMNT65/35 f K R R # (SEM)(a) B IR &) 8§ (SEAM)(b)
Fig. 8 Surface structures in PMNT 65/35 crystal plates under SEM (a) and subsurface domains
under SEAM (b)
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4.1 L NLELE

LRGN R PMNT S5 A R A 2 69 AL BB PT & S &8 M &
, EFAD A XFHFEATURRG AN BRBEGHER EXERERESERSRE
SEMEyAE{k. & PMN REHARMMRE&EE, £ERFAEEE (T, 495 -10°C) LT
BIREE, HEGI YA, SafUBRENENERSH TR EHEES. ZE PMNT76/24
fik, BOLBYEZAMM AR EWRSGH, SGHEEENELARREEFETRR
B, RSESH NN T ek, £ PMNT?6/24 £ PMNT70/30 X1, ®B
SEWMIT KA. E PMNT67/33 Sifk, GEdSHEmE, AMEHQCELENS&EEE
W BaTiOs , PbTiO oty 52 70 5t 3 W) 5% Bl () 4R, X BT BB 158 BA 8k o A8 04 B0l LB KR4
n, WEABEERS. E PMNT65/35 Sk, —7ri, I 180° lamfay RSB M T 90° B2
B, F—OrE, dERFEENEATRMNT. TLHANX M PMNT &iEHEILY
AEWMBHET.

BRI LERSH, EH AN PMNT EE=FHE AR EMGHMA S0 RATRE—
AR, B . 806 - RRNER - MU EW TEHREORBWNRZASE
# PMN X PMNT76/24 89 8 @B &, HOlws - RN EwgE 6 WA K. BN EkR
TRAFEENREE, KRYNETFMEZE. = PIN & & L) b B IE 5 2 %%
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. WHEBEEREEHETHEAN AL T 6, WAL O, Tk iF <Lk, T
WL IZEBMR T HEREERETRIANCEDRENHBER, HHFLA
FBEEE, EHARSNAR ERGFHUNEBER. BX, PMNT G4 A FHBE - SN E
B 2 [H] fy L BE AR AT RERE R IX b “ MEEHBE” .
4.2 EBFMS T

PMNT G P AR M SHEEEER T ARMBEZL, BbE ((REL&EH) HAEKTR
HRETHEAMR (PPB) B U A #ET RN R. AL XARKRAL I HEENE
#, X B PMNT Gk fy4k a0 5 e A8 ol AE — AR B E B N AL, A
PMNT & BA —FAHZR B, T UEXFARBRERERYE N —RMHER
MRS M. NTEHWEXRSE, PMNT76/24 . PMNT70/30 & & . PMNT67/33 |
PMNT65/35 Shik E G K B XBEEE, XFIREEWREME BN REERERTFENERSEY
SREE, MMTFEE, BMBEEERS THEMEREENRT.

7£ PMNT67/33 5 PMNT65/35 & fr W4 JE 180° M BER B ZR MR RE M
S D RAEERFTRE, BI3E 180° RBEME R A 55 K& M U8 £ HIES B B
. GEREMNERATSIZANE BPMIRENREERESHIREFTE THEZR
M TAR (BEE) AEE 1, FLBIE A IE 180° B BEEY & H T E /N F 2R R ay
H, B

¥ PMNT67/33 5 PMNT65/35 & 44+ Bf B 49 3F 180° MBS - M A ¥ SR R 5 Mk
B A (B IS SR BRIE) AR MRAEXRA. 7E PMNT67/33 @ik MBI M KT FEHA &
BES /NS M B LB, WERRAMR MR T F—& P RiEas 8 R854,
HRHEEHE XMHBEBESMW A ST REFNSREEHIREREAER. PMNT67/33
R A S+ o rER AR (MPB), HEWxAsHEs 8. b ZREN=EF
-WHHEREA—EHWEME, B MPB A —EMIE. Bk PMNT67/33 & 4 &4 43 8%
NS, THESBGESHERBAEE=F - NAHZEIHER. BRTEHREES
FidE 180° B BEIAEF R — @IKA A RE. Xt F PMNT65/35 dhfk, M5By RM () ik
M ) WEESIETENMRTES, MAITRENTE, BEESBARSEX
Wik, MAJR EkE, PMNT67/33 5 PMNT65/35 M #h i {4 o B3 05 40 45 B9 25 ST ¥R 7]
AL B VR b B R A A Y B ST
4.3 EBEFHYRRIR

HE=HFMEWN, B PTHM, PMNT GikfmBs BREW T, NARARE R D
BEIRAL, AREBHETHRHENENER IRNSEERTHHEKRAERX MAERLER
BRI R RAR. EHARTH R RIGRT HEN RS SITA6ES, (EBsaE
ERSNSEH N TOATERE T - X [ B3 B0 g e A 28 o ) 4 0 28 Y 72 1 s 3 (P
PT Ry N Nk ZEBES5H #E M 7 48 PMNT65/35 &k R B3F, 140 99 WU 7 A A9 & %
EREMBENKF=rH. Hik, £2451A0 PMNT SRR HETUENERR
BREBRFHEFE S

BBk SEM BMRFFIER R BTSN (REBUTRHNEHME) SHBHRBR.
PMNT Sk F @y EBE7E SEM T AR5 BR, FRES RE B A ME RS REEOHE CRAE
) HX. HXERBRNUBIEERTREE GG RRANERERMN () &
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B R B4/ (M X T BaTiOs S ik H). ZEXFIE O T XA &# SEM BRFEER
BB REEM. X TFHREHER, BBTUSIESERRTREBPWIREE, &
AR B BN A KEM S SEM BR. MM FREHEBNTHES, XEMERTHRT S
B g BRI/, BURREE ST EBER SEM B4,

M DIC 5 SEM THEEKRHBRERTEL, DICHAXMBEERL M KB L
R, B—FRERE f B0 k.

{H oL B 25 FAY X 147 B o R B BE R B, ARSI TR W RE BN e BE R R A RS, Bt
BRFHETERAENME. XAREEREBHHE. DIC & SEM Fx kAl @k, (2
£ SEAM R HEFIMILT . SEAM HEARAEEREMEIH, EI AT EHME, B
UHEERBEARMERETERTME. XMOVEERT REE BB RN E
ma, AT BT LA T B 3t B 7 B e TR

5 it

1. 7 PMN-PT W= MK AN, B PT & BAEMN, BBEHMERTEETLIRE. %
B% —(W 3 e) - AN KW - MW R £ =0 - WHMES, K4 71°(5 109°) 8% -90° %
BEE) # 1L

2. PMNT ik P RBFH B REM B T RS AN Z WX RIKH AR RE, Thk
GHARAHARRERT GEAS IERH LY.

3. PMNT @i iy S R G R 4E 0 E R b BRAE R L2 S5

4. ARPMET LT EREHHNETREAFRMER.

i BMEIERTHE. RIXWRBE SRR LT ELR 7 &K .
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Domain Configuration Changing with Composition and Structure in
PMNT Single Crystals

XU Gui-Sheng, LUO Hao-Su, XU Hai-Qing, QI Zhen-Yi, YIN Zhi-Wen

(Laboratory of Functional Inorganic Materials, Shanghai Institute of Ceramics, Chinese Academy of Sci-
ences, Shanghai 201800, China)

Abstract: This paper studied the evolution progress and feature of domain configuration while
the composition and structure changed in relaxor ferroelectric single crystals Pb(Mg; ;3Nby/3)03-
PbTiOj3. It was found that with increasing PbTiO3 concentration in the rhombohedral phase region
of PMN-PT system, domain configuration exhibited a transition process, i.e. microdomains-(sub-
microdomains)-irregular macrodomains- regular macrodomains. And then, if PbTiO3 increased
further, rhombohedral-tetragonal phase transition could take place, giving rise to the change from
71°(or 109°) domains to 90° ones. 90° domains demonstrated more regular or typical configuration
than 71°(or 109°) domains. In light of the showing feature of domain configuration, it was proposed
that the largest birefractive index of PMNT crystals could be taken as an optical parameter
measuring their relaxor degree in ferroelectric behavior. Moreover, the phenomena of non-uniform
distribution of domain structures within a plate were observed, which arose from composition
heterogeneity and structure fluctuation. Domains with substructure were also visualized, which
could be interpreted by multistage martensitic transformation. In addition, the paper discussed
the imaging features of domain configuration under the observation means including polarizing
microscopes, differential interference contrast microscopes (DIC), scanning electronic microscopes

(SEM) and scanning electronic acoustic microscopes (SEAM).

Key words relaxor ferroelectrics; piezocrystals; PMNT; domain configuration; microdomain-

macrodomain transformation



