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SPONTANEOUS AND FIELD-INDUCED
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Ti DOPED Pb(Mg;/3Nby/3)O; FERROELECTRICS
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(Electronic Materials Research Laboratory, Xi’an Jiaotong University, Xi’an 710049)

ABSTRACT  Dielectric response and pyroelectric current as a function of temperature for Pb
(Mgy/3Nbg/3)1-2Tiz03 (¢ = 0, 0.1, 0.2, 0.4, designated as PMNT(1-z)/z) ferroelectric ceramics
were carefully measured. Spontaneous and field-induced normal ferroelectric—relaxor ferroelectric—
paraelectric phase transition can be observed clearly. Based on the structural characteristics of this
perovskite ferroelectric system, a dynamic structural model for polar nano-microregions (PNMR) was
proposed. Using Vogel-Fulcher relation, the temperature at the dielectric permittivity maximum and
the frequency can be fitted very well.
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28 BT A Pb(Mgy /sNbay)s)1—,TizOs (2=0.0, 0.1, 0.2, 0.4, B PMNT(1-z)/z ¥5it) £ 5% H
RARRE-RKABRTE D, ERRBZE, EHRSHAT, 7 1280 CHREZLE 2h. B RHLEH S
HrR A B A% D/max-2400 B X SHRFTHAHAT. BEAHSEEEBENLEE. HER,
FB SRR BB (550 CREBMERRN) 5, STHMEENE. /raii A HP4274A LCR
ERBOHRIENE, ATRENEREE, XANKH. ATERILEESHOEW, £0
HATHAT TRE. BERFHAR 200 C, UEBRBAMBHEFSHER, KR/SL 0.8 C /min
HHERA T -150 C, BHLL 0.8 C /min MFERFE T 200 C, FEFMEHJBERRHE SN
HAFA B, R G 3s RE—K. WEEERE Pt-100 410 B7ZERE & F B, B
HP3455A BFERENE. BN REHBETEYEE. NERELRLE (NHRE, &R
JEFHR I R) B A AT T R, AR RS MM B F A Byer-Roundy ik 18, ¥t S
FH AT R M R B0 A A AR AL AN 5B R T R T b B, SR/5 1L 0.8 C /min AJHFHER, i HP4140B PA %
PR S I R AR AL RE B 7E — 150~190 C ¥ Bl i R B O

2 4 8 5 ®

B1RERSHEDNASEYT . B2a, b4l PMNT %4 100/0, 90/10, 80/20, 60/40 K&
Fam AR BEE. B3, bAHTHEMMAEHFBENREE. B4, bAHEHER
AR BER I, LEHETERS A KR P BERE KA.

B 2 8, PMNT100/0 i) F+ IR 3R 52 £
EE, RBTHAEBBAGHANBBRE SR
AMEBEAT BHAE IR Y. HEE
EHTiEFMARKNEM, £ PMNT % 90/10 ,
80/20 MIHE S IR S, ERBHREERE
X P 3R — IR B A E S — B A i
X, fFFREBERNRBL 3, EREIE
i, %7 Tm=90.6 C (1kHz), N A8 3 ¥ 8
HEZH RN RAHRERBGE BB SR,
RIGHE T1a=486 T, ERH—NRE LM
A5 K5 AIF 10 3 T ok rhL S 1D S LA SRR SR CIE 2
BHAER, EFARIEYP, %E T.,.=682 C
b, RRE—NRE —ZAHATHRAENIER & E 1 Pb(Mgi/3Nbz/3)1--Ti-Os # MK X 4
AR BB REREE, RGHE Tu=90.6 CHK LA A B
)‘&, 9@.&&4’3& %&ﬁﬁb‘ﬁﬁﬁ?&ﬁﬁiﬁf}iﬁﬂlﬁi Fig.1 X ray diffractior{ pattern  of
. Mk 2 MR — LS. TIM M 4 Pb(Me1/sNbz/3)1-+Tiz O3 samples
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2 PMNT 3% 100/0(1), 90/10(2), 80/20(3), 60/40(4) H R FMEH) &'t HLk (a) M
tand—t W2k (b)(¢' B LB T4 5% 1kHz, 100kHz; tand R2Z; — Fill, --- KiR)
Fig.2 Dependence of dielectric permittivity ¢’ (a) and loss angle tangent tané (b) of samples

with different PMNT (100/0 (1), 90/10 (2), 80/20 (3), and 60/40 (4)) on temperature
(—heating, - - -cooling)

150 60 30 12|O 2‘;0 300 150 60 30 120 210 300
ti1°C t1e°C
3 PMNT 2 100/0 (1), 90/10 (2), 80/20 (3), 60/40 (4) ¥ S WM EEREBEB T H 't
% (a) tand—t ik (b)(¢’ #Z i LB T4 51% 1kHz, 10kHz, 100kHz; tané K 2Z)
Fig.3 Dependence of dielectric permittivity £’ (a) and the dielectric loss angle tangent tand (b)
of poled samples with different PMNT (100/0 (1), 90/10 (2), 80/20 (3), and 60/40 (4))

on temperature

FERMNEEFEE, TEIHAEIBERSRAMANERNERESMERZEN ZRMEE. B
ZiE R4 PMNT % 100/0 # 5 (Bpzk PMN) KBRS FHBEIFWIERH GBS, B34
i) PMNT %4 100/0 #RALHE 5 4 e IR BEFN I 4 45 g SR WRIR BE I, 383 PMINT 24 100/0
FIRRAAE S EE Toy=—84.5 CAb, HFEFHIEF KRS XK A MBI B

ME 1 ATE H, 4 PMN 7E Tr, DA E ARG A BT IS T5 AR (A SCHR LA BRI AR); PMNT
21 90/10 #¢ G EE Trn B Ton BIX MARSEH BAR A BSLTTAR, B2 (111) A7 5 ik 38 55 B 2 19 3%,
BB S 7 A 1) = 5 MR B R B3R, i PMINT80/20 MR T L FRIRMMEH, B
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020 (b)
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t]°C t/°C
M 4 PMNT 2% 100/0 (1), 90/10 (2), 80/20 (3), 60/40 (4) #% 5 b #IE d i i I~ 2% (a) Fo
BEHM Pt £ (b)
Fig.4 Pyroelectric current (a) and polarization (b) calculated by back integration for samples
with different PMNT (100/0 (1), 90/10 (2), 80/20 (3) and 60/40 (4))

SHEH=JTHT; PMNTG60/40 % (200) Fl (002) 4N/ 4A%H. Burns %l %t PMN
% 7 3 R BB B RO R ALBE L, A% PMN AR T T BE M —EE (BILHN Ta) &b
AT BT R AR A 0 (910), B AR X 1) TR 48 PMN i TE4E AR b B 85 36 57 7 AR 84
25 BA B MBS, T Mathan B AR T4 1 iEBI TSGR, PMN ZE 600K
AL ) 1B 2 AR T — B AR B 5K, T ELEGIR A 0 8% L S0 LA /N K R0 = J AR 6 (4 10nm).
A(BY 5B} ,)0s FEkH SHIB AR M LA SHAAH R, BOs NERNGHEXEE,
B B B 058 SR B MU T 4560 SR I S 4G E, g i 2L WL B

BOg /\TH £ B 4 B FAURM B S5 B AR OB B, A S MATRe T /. (111) |
(110) . (100), HRIFLHM LA, B RETH < 111> FHEHNHERKA, HLBLEFS O
BT WEETEARR LAR. RN, BT BOG \E N LY TR B MRS, X
WHNMPAT, BB TR, S 000 RUT R, 00 0 TR A B A 4
H, B UBTEE/\APELE, FUSREREE, BT A%E/ TR M
BRIE. BT B AR 0P B R BOs /AL, 20 7 18 H R % 5 M) 0 8 A%
WEAER, Bil, Ak H&RRN B EETAE/ N TELERNRKTFENLZEEX, &
MK SEA S B BT OMRIES, SRR RR B A8 T FZE s X5,
ORALE BRI, BIAR B IK 7 6 4 0 MO 7E AR A A

B IR P 09 — 25 RBA, UK ME BRI B 1 AR ALSRBE RTINS0 P TR, 2412
FAERE (Bale, BEBAS) TINE, SBEORLESH L KEEKECRE T R
BETE B, BARE IR AR BB AR, AL BN R, TR
BAGSHRENY, BT B M B MNE. LREREUREREMR O RREL, FiXHh
“WRE> FEIRIRIR PYHEAT, XM ER Bk s 4 i BLIRBUHIZE (diffuse phase transition) B JEH.

— ELGORB A BUR RS A AL VR4, IR Gk L ph e B T R A B AR AL T 1
1. BT =5 G S B, R BBk R AR T DUF B0 MBS ARSI (111) K
WEIRE. BT A(B,,B),)0s WK LHH B fl B 4R, 12 0k, 7= 4b
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BLAE, ik TemMusnE— Sk, FUBBREREULHATABEFE. SHE
B MBS, GBS EERE HA—RE, XMHRAERLS&BMEE. KRBBEZi
K EEFEZ KSR EREEAEN GRVEBAET). BHAEAERRNEE, ENER
b RN S35 VR T R AR T SIS, X R Mt B R gk s A4 S SR (dielectric dispersion) Fl
BN () R BB (tand) KERER .

BESCEEMRODSEHEE, TRTBEETAIRFHARE. T BF5IA
A(Bj 5B} /3)0s BE4KF 4iHIH B AL, AT KK B2+ #1 Bt BTHIMARME, HIST
REL 1 &% B A B 33— b K HOBEMLA %, 8 PMINT 2% 80/20 %S 7E Ton LR AE B RIIER AR
B EREEY, NERARRKEAFNER, NN EEEA (FIHFRDBS) K
A, FURRRMO B RERARTAREERRREOEEGEA, MENETR BRE
BE B AU B R BB A Z A R AR TR, Titt BFREKRE— B, £ PMNT
% 60/40 B SHIGRBIEMR R “VREE” NEmmMEs, HEHTAKEES, IMBRESERE
HBEAKBAERFHEGBEE.

SMmARAL ISR Titt B FAGHERESEEEFHKBAEF. AN RBHSEZNE
B, Fiblai PMN(Ef PMNT100/0) AL G EH KBAFHHBE B LR, EFRIES, &
PR 35 Bk i B A AR N B s, B ORARAL P FE T KRR, REZETR,
P REMKERBRT To M T, ZEIKZEHE.

B 5a. b 4RI HARM K PMNT fR 4L H PMNT 24 80/ 20 4% 5 i 41 % B e {5
BE T 55 w THXAE KA Vogel-Fulcher X R A ML R. R\ BB p U415,
M E T S5EEE T 2 EAE Vogel-Fulcher X&: 7 =70 exp[Eo/k(T —Ta)], H ¥ 70 AHMN
MW FAMTMEGEE, E A abBRuiEes, FABRELEEE SITF-RAK RE
ENAEBBRIEAEZNBRT, A8 wr(Twm) ~1. FFE, A Vogel-Fulcher X Rl & w il
KT W E RN B ERE T, T Ta MESZR AN T, 8, ARSI EHRYERT L.
—HREMESE: 7o M Eo, XK, T IREFNYELERRBT Ta KENYEE L.

a b

1640F @ o Exp. data (b) o Exp. data
e — Fit curve - 461 — Fit curve
£ T,=188.6K x T.=341.4K
2130 A E )
= o <42k
1 1
:E 12.0 £

11.0 1 A 1 1 1 1 38 1 ! 1 1 1 1 !

4 6 8 10 12 4 6 8 10 12
In(w) I Hz In(w) 1 Hz

5 fRikal PMN(a) FkR4{LE PMNT 2% 80/20 ¥ & (b) B Tm—w LHF V-F #l5 #i &
Fig.5 Vogel-Fulcher plot of frequency dependence of T, for poled pure PMN (a) and unpoled
sample PMNT80/20 (b)
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3 & ®
WIE B EME RIS M Z (Pb(Mey/sNby/s)1-,Ti, 03, 2=0.0, 0.1, 0.2, 0.4) 1 B &

MESHBEIFNERSEBRE — BB RE — MBEAHR. REBRBKBASRBEHRR K
BISEWEE, FMBTXEAR. A Vogel—Fulcher RAMA T B HMEMEEE T 5
BRw il BISHE-BKER.
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