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B-Site Cationic Ordering Structures of Donor- Doped Relaxor Ferroelectric Pb(Mg:sNb.::)Os
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= =4 Pb(Mg Nbys) 0:8] Ph*™ Z2lel} & e Azt 74 d€& s La’t, Priv*, Nd*", Sm* Fe°] 10 mol¥ 3
71E A4S PhiMg, sNby) Os 22 A E 445k o &2 BAlE] el AMuldTEE XRD TEM & o83t ¥43h3]
o}, M7 FA7} FA7LE R 3ok des XRDH ol A F7HF Pm3mel] #Asbe 71# 2H A (fundamental reflection) 3+
=g e A FAE A7ER Sl Mg eh Nb* & 111 R g2 <lste] kel x o) A|=e] 867} =l (/2 k/2 I/2)
h, b, I 25 &%) 2742 5A4 (superlattice reflection) ¢| &= 2ch. TEM AgAlek3] 4= (selected area diffraction
pattern) ol 4= A= T2 7} o Foll HAe) 2R HAA e AEH Pt HA FAZ ALY A ol 212 WA o]
T 2 AR AL 2 A A Q) e sl @8] Erhstgch. TEM afAlobat (dark field image) o A& A= FAI7F H7Hs e
ol gk uka} 73] (antiphase boundary) 7} @a=leich, o2 8] A F5iql La*, Priv ', Nd™, Sm™ Fo] Pb"& A
ulet PhMg,sNby:) 022 BAR] adele 111 AMuide] 489 e AgH o2 F8gc. 27 dvbe stz A
3le] o) stedc.

Abstract Single phase Pb{Mg,/:Nb./)Os ceramics doped by 10 mol% of electron donors such as La®*, Pr®™**, Nd**,
Sm**, were synthesized and their B-site cationic ordering structures were investigated by XRD and TEM. In the XRD
patterns, only fundamental reflections were observed for the undoped Ph{Mg:,sNb.)0s, while the (4/2 £/2 1/2) (b, & {
all odd) superlattice reflections resulting from the 1:1 ordering induced unit cell doubling were also chserved for the
donor-doped Pb(Mg,;sNbys)Os. In the TEM selected area diffraction patterns, the (A/2 k/2 1/2) (h, & [ all odd)
superlattice reflection spots as well as the fundamental reflection spots were observed for all the samples, but the rela-
tive intensities of the superlattice reflection spots to the fundamental reflection spots were significantly enhanced by
the donor-doping. In the TEM dark-field images, antiphase boundaries were ohserved only for the donor-doped Pb
{Mg,/sNbya)Os. It was therefore experimentally verified that doping by electron doners such as La®™, Pr®*-**, Nd*~, and
Sm*, enhances the B-site cationic 1:1 ordering in P{ Mg 2Nb22)0s These experimental results were interpreted in
terms of the charge compensaticn mechanism,
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Fig. 1. XRD patterns for (a) undoped, (b) La* -doped, (c) Pr**-*
~doped, (d) Nd¥ -doped, and {e) Sm** - doped Pb{Mg:,:Nb.:)O:.

4l (superiattice reflection) o] &=}, oj= Az} F
Ao} Ariol o BalE] oFeol2Ee] 111 AMudxEr} F
7¥ehed el X8) A o) 8uiE Frlete) 7| dEke AR,
AL FA 2] #ztel] 98l PbiMgisNbays) OsollA2] Mg
9} Nt 9] 1:1 ajwide] 733l of 4= 3}

XRDARS A2 34 7= ()2 712 5349
7w ()24 Azl S (Bragg and Williams
long-range order parameter} & ZAAE 4 4}, X4l F
A7 e = o}E3F o] FoA”

I= |F|?*Le™ (N

o7} F= ==} (structure factor), p= multipli-
city factor, L2 Lorentz-pelarization factor ({1 cos?®
26 / (sin*fecost), §: Bragg angle), > M& temperature
factoreltt. (200) {fundamental reflection®} (111)
superlattice reflection®] 7}z 2] ¥vj2¥E 5§ 7€ d,



480 FFAEFHA 10 A7 E (2000

o]=-2] multiplicity factort Ztz} 63} 8o|2& 3 7}EH|
E &3 o] FoiZIt

Is(lll)/I[(Z(l]) = {8 [stl]l}]zl.l(ll])}/{a [FfEZUO)]zL(Z(!m} (2)
g Fi(h k, | 25 =)

=2{fs + plv® (h+k+1)fA' + [en'ih/2+ e:rik.fz_l_ e:rll,lz] fo}
F.(h, k, 1 2% EF) =8 {n-fud (3)

37]4 fug, fan fo, fa° B s 22 Mg, Nb, O, H=
AZE] 93t (Pb, La, Pr, Nd, Sm) 2 H# B#te] 47}
(Mg, Nb) 2] atomic scattering factorolc}. welA] 4]
(2) ol 258 Loun/Tan A (3) & HYSH SE 78 5
et

B ooeA g9t e wye® T SE £ P
(Mg:/sNbz3) Ol &l 4= 0ald) vbafl La’, Pri=*7,
Nd**, Sm** S #-& AA FA H7HE Pb(Mgus
Nbara} Osel tﬂnﬂﬂ% z+zt .74, 0.71, 0.72, 0.74%, Az}
Sz 7R wel BARY okol &) 111 AAMNER
7} =2 Fok s % o 3 ik,

23 2% 258 Pb(MgNby) O ¥ La™, Priv,
Nd**, Sm®™ 53 %2 Az FA7 F7H% PbiMg s
Nbys0:8) TEM (110) SAt AgA|eks]d=gle]ch,
Z3F Ph{MgyaNbes) 09 7% XRDHAHN M= 254
3" Ae] 7J&H7 ¢ou, TEMS (1100 43204 A7
Aok ATl A= 718 FHA (fundamental reflec-
tion spot) ell= Baba] aFole] 1:1 AAMujadel 7

(h/2 k2 U2y (b, k | 2T &%) 2FA A

(superlattice reflection spot)e] Z&=%ch ol Pb
(Mg1Nbya} Osoll 4 2] Mg 9} Nb*7t XRDEE &S
A e Fre] ve g2 111 AMuld AEEL BegE
Ag uigt}, B "z} FA7E AR Fe= 712§
Aol g 244 AP AdAd A=t 25 Pb
(MguNby) 0:2] 748} #A s 33 E, ol 2R A
A} FA7F A7l w2} BAbe] ofeleE9] 1:1 AAdud
=7t 2A FoFE e 4 5 doh

23 32 La*, Pr**, N@*, Sm* 53 2 Az} 3=
A7t A7 = Pb(Mglmsz/s)Oa—q TEM ¢Alekitelc). &
% PbiMg,Nbys) Osoll sl e o{wd ordered do-
maine]} ¥k4F73A (antiphase boundary} &= ¥2=A] &
shof uHbah La®t, Pr*-**, Nd*, Sm* &3 2& A#
FA7} A58 A= 2% oF 150nm 2719 ordered do-
maind T AR A) AAENEE & 7 At

o]4ke}] XRD ¥ TEM A AAEHRE Pb(Mg,Nbas)
0;8] Bate] eke|2, Mg* e} Nb* = XRDE #HEHA o
2 He o gA 2 doela wizteelrEA 1011 AMudE
2 9loo 2 "AMede] H=E La’", Priv-tt,
Nd*, Sm* 53} 22 Az FA9f Arlel os) I3 7
=g o 5 ot

ol thgit e AR AT THAA 4T F 3l
t}, PhiMg /sNbys) O+ Mg* ¢ Nb* 7} n)FEek A
101 Agds & o 111 AMEF2E ZHE nano-do-
mainE# FAANG L2 E e matrix Akelells Mg
2} Nb** 2] =Au) (Mg/Nb) #o)= al&f s At &4
f‘a’ (charge imbalance} 7} &3113]-71] ok, &, 111 20

£ 72 nano-domainE& Mg %4 OE Mg/Nb

{1

{eh

Fig. 2. TEM {110) reciprocal lattice plane selected area diffraction patterns for (a) undoped, () La* —doped,
{¢) Pr**-doped, (d) Nd** -doped, and (e} Sm* -doped Pb(Mg,;sNb/2)0:.
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Fig. 3. TEM dark field images for (a) La**-doped, (b) Pr
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34+_doped, (c) Nd* -doped, and {d) Sm** -doped Pb{MgisNbe)0s.
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