) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080809

R+ MEVLFIXT a5 R e SR IR SR PABR SN PR A
[ERREREF IR IERI R

EXEY XEEY KE» KEFV
TIE A WL Fax A

ZANEANN

ZA el Y

1) (PULRHE RS, P92 710600)
2) (LR R S TR, 5%
3) (tPEBFERE ERE YRS RT, bt

710600)

100049)

(2025 4E 12 F 4 HUHE); 2026 41 A 8 HiIkEIEUH)

HL A A2 AL T o AN 25 45 2 B BT T H B 68 1) P A MR RE AT LS e A ST A S B A i A T AL
ZZALAME (Vo). BALAS ALAMEE (V). T8 8 B AL & 7 WA (R). AN BEAT 55 0k 00 W ff 22 B T 52 B Rb 32
(Reference) PUFN 2.5%Eu-0.71PMN-0.29PT FJi% (R H dyy = 1111 pC/N), 2R FHIE B T % H v i (PALS) A4
& 2% W) SERETE (CDBS) AR % v it B b S5 14, 23 BT e B Xob T o 1 B K% st B M 1 520 . PALLS R CDBS
SEREH V, PERRE L A e 3, HAbRER LB s 3, B OV # Ve a0l A, B s ik E B
o B, R AT S BT Y R AT AN DT SUEE AR . Vo BV PR BRAE H S BV R EE R T R A Reference, HAY
1o B AT H R, EU L R BCEIRE X R /0N 355 R T o RE ELA ST FLAE L 40 o Y S S A K
P 35 b T A2 o Top AN ML B 0, $2 BE R, Reference, Vi, Vp WF, i BL IR B AR R A, otb 7 32 4 v K
X5 A/B LA AR T S A OC. AT R UITE Eu-PMN-PT P % o, ml e $00 % B 7 25 1 L)
7 L fF AN R SRS B H PR RE , 7T 48 7 A B AL s AL EAT Ht fef MR AT R A st R

XK4EI: PbMg, 3Nby 305-PbTiO; FEHIF R, 1FHFEREA, 45 (6

DOI: 10.7498/aps.75.20251665

1 5

PbMg, ;3Nby 305-PbTiO; (PMN-PT) 5t 5 %
DR L i r 22 PR R TR S 1S T ) 12 AR
PMN-PT 93t 3 4>k I8 T PMN, 7£ PMN 1, B
£ Mg 1l Nb> Rl 5345, 3 2 A 1Y H A7 TP
P, AT B L A P40k FL A F LR R AR, RIDAR A
BRI L UL ARk, # LB B2t Rk

il

CSTR: 32037.14.aps.75.20251665

#AF PbMg, 5Nby 505-PbTiO; (PMN-PT)fA %
LR S R E M RE ) A2 G B X B R FE R R Y
BRI 6] 4% G i v [ AR A 7)) R e 4
STV TEA B AT AT E (A S, (i AL TiE
el AT 0 e FEL VS8R, T 1 B B R R
TREERA ) S, XA S A R A R AT LA A A
SM ST RE, SR SAHRRESE A0 A fh et oF
Ak, AT i A R R P A ), R R A
Sm-PMN-PT #l Eu-PMN-PT %, 78 H rf 43 5

*ER HRBIAEES (S 12075189, 12004300, 11974275, 12474468) FIBEPE 4 ¥ H T H S RHAIFSE TR (JHEES: 24JR112)

e B
+ AfEVE#E . E-mail: yangjingl 0@xust.edu.cn
1 BIE1EE. E-mail: tzhang@xust.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

080809-1


http://doi.org/10.7498/aps.75.20251665
https://cstr.cn/32037.14.aps.75.20251665
mailto:yangjing10@xust.edu.cn
mailto:yangjing10@xust.edu.cn
mailto:tzhang@xust.edu.cn
mailto:tzhang@xust.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080809

A T Bk 1500 pC/NBUFT 1420 pC /NP iy R H,

PMN-PT HA MR E5ELH ABO, 4544, ff
FAR B X HSA TR A0, W LB AT REEA A
AiEE B i, fl La, Sm, Eu #{UESE FEFEA A iz 10,
s 1B 385 +3 o, A A G (+2 f) 1
Fiit BB AR, BEHMEA B (+4 ) BoAR B
AR EBRMZ ERIEE TAEM B, BT
B2+ BT 5 T Z WA E M A 2 R,
FEUR R H AP, TSI TR M. 2
P B ey IE LT I R, A4 s LA T H A
M, Tt 4B 2% T 2™ Al T AT R BR G A T
far gz ML 475% + B FEA PMN-PT (1 A i f7
it 452 i, H M D7 20 A DT LA O
1) P24 A S REHEATAME (Vy); 2) 774E B AL
PEATHMZ (Vp); 3) L % B f70& Mg/Nb/Ti
LB AT M2 (R); 4) ASHEATRETR 19 H fop #2215
I, K& A 2 EHAMEE (Reference) 213, SR AN [A]
(1 A T 3K IR R A AR, DL aEu-
0.71PMN-0.29PT M|, V5, Vi, R Fl Reference X
WAL 3BT 350 Py gp0)Bu,[(Mgy /5Ny 5)0 71
Tig29] O3, Pb1 pEw,[(Mg13Nby 3)0.71Ti0.20] (1-/4)Os3,
Pb(y o BEu[(Mg(11.4/3Nbe )/3)0.71Ti(1 1/4)0.20] O3,
Pb[(Mgl/sNbQ/s)o.nTio.Qg]031 2Bu.

R AR Rt i 23, FEE RSk R F A
kb, AN R LA M OGRS SOUL 5 4 R0 23 W
PEREA A FIR52A. 1996 4, Gupta #l Viehland!'?
P WO TR 5 R T La-PMN-PT B %
W A B A A L AE A AR B TR L
FIAS IR R i far M2 s ), & BT & R BUA &R
H BB R T R, RS a e 2, PR
PEREYG 5, 115 # WA R T B AL 1A T B
BEAR. 2000 4F, Kim Fl Jangl¥ F# T A 723 i b
PR B 7 25 A7 AMETL ) La-PT P % 1A B PR
J&, 7 B Az s R ORI SRR 2R
P TF 55 Bk A A A8 Sy ity BR R R AR RO AR IR, 2011 4
Garcia-Zaldivar 55 M B 5% La 2% PZT(PLZT)
B b A 2550 F0 B A A AL A AN ] oL A A 7 20
XA HURIER FL PR RE ISR, R IS ] LA 4 M2 7 =X
XA LR T e R A LR e, RGP RS T,
DL K it B AR 1 AR A A [R] A 52 ). 2020 4, Pandey
1 Guptal #5817 A sz B 2 2s 6r LA S 3
B {3 8§ LA = A AS T[] 9 L far 2 A6 Gd -

PMN 5th 7 i % AH S5 44 . A F 14k L BB A9 5 i
K ILIEE B A B T He s FpoeME Oy X e A 4
558 P e T At R R T AR A S 6 R PR
K BEEG A M7 4, i AP RE S k.
LR, FER RN ARMA R rp ) AN [] H far f M2
X O A8 AN 2 L BE 7= AR 52 I AR TR] A5 G
ar My 2N AR st R AT ), AT B R T M X
XFHESR A HL BRSO R LR RE A . R XN R
T M T S MR T RGNS, A REARYE AR
RERYIRPE TR R, HERRGIE M ML M =K

Eu-PMN-PT P % 1 Ay 38 52 3 0 Jmy #2514 57
JEPERASHR = R PR RE AR, H R TE o TR
FL faf M 2O HLEE A A R A 1Y) R GEAE9E. 7E
FEHL P BB LAAEARE STk i T8 20t e P
HEE0 19, 7E Eu-PMN-PT Fgsh, 1A 2y
PIBRRE. B AR R B, B R SRR R I 2 5 K
JERL A 7 Pb Z3 0, LAKARRE Pb 2543 1 7= A= 0 4
23, TR AN 8 B ey M =, i 4l i it
MAEMEHTGIABSMOEEE, 0 A (72507, B i ss
P75, HaxBeas (3 i n] RELE A1 BB (A ok
H AL A, RIS A BRE , KRR A L R
HL R F S WP E R 7 R AR [R5 . TTRAFEAS
[ e o XoF 7 UL R 52 Wi ) 4, S ke i I R A T oA
W RGHRAE. IF o T B 2 AR —Fh LR
FL AR R R ET XA RO I [ 465 #4g 10E A7 e AIE 0
k. HorPE R A (PALS) SRRy
F/NFIERFE MR, 756 28 9 R Si g% (CDBS)
VB 1) 50 e o ] L %) Ak 2 A58 17181, ARBIF 9 R
1 HE I R 2 R AR LA L e A 2 28R
Eu-PMN-PT 1 IO R B R T2RAE, 73BT AN [ ik
Rt Bl | 4k B AT L P RE OS2 ).

2.1 HEmEE

A S 06 SR FH A% G5 [ A B8 45 75 il 4V, Vs,
R Fl Reference PU F H fiif #b £ 25 AU 15 0.025Eu-
0.71PMN-0.29PT B %. SRHAM L2, Bk
Mg0(99.99%) Fl NbyO5(99.99%) 7E 1100 °C B4k
6 h A MgNb,Og(MN), JFtH MgO i & 3% LA
ML AATE. X5 MN 5 Pb0(99.99%),
Ti05(99.99%), Euy04(99.99%) 4% 1 He IR IR A,
TG 5 JC7K CBERAERIE 24 h, BEF A 850 C

080809-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 8 (2026)

080809

TgE 2 h, BB AR B RBREE 24 h, TH 5 A
PVA i3k, &A1 mm J5 0 B4, HER S 78
1250 °C %845 2 h 153 f %, %183 PbO 78 & iRsE
ST BEE BT R A, TR SRR R A % PHO i
I 5%. N L 2R R 43 P 2 T T S
£, 800 °C He4k 15 min £ E4R LA, HIEITIE
SEH A

2.2 EENR 5 R

K A7 [ A 258 D8 Advance & X G261 5
1 (XRD) FARPIAILEH: 10°—80° X [E] L 6(°) /min
A, 42°—46°1X 8] L) 1(°) /min 18 45 LU TR AE
W 73 [ B A 2% €40 Phenom/Pro & X
L BT (SEM) LA 5 2 1fd SOU I 355 1P
Agilent A4980E & LCR ik 1 £ 0.1—100 kHz
23R 1 R DA DU A 2 3R T A L B AT R ) A
LA RT-400 °C 1 [l N A Hia P B Bl i 3 1 25 4k
173 Radiant Model 609B 4 Hi, 324 S e B Ha 7ifs v
2 R R - (J-E) th4e; % b E B2 b
ZJ-3 RIS das W30 AS 58 1 FL 5 5, AL,
D T R = 1 R A 9 SE =R = S ) |
20 kV /cm HI7HAk 1 h. WAb4s o5, 755 T
B 24 h DAITHEBRER AT HLAT, R M RE It A2
GYERZ R SR TN A O L R ) I (AR R
TR A I R 2 L R B T RMIS10001 7Y
(BALAB) (= iR46 2 b1 Ak H BRI £ 22 G e PR
ZZ{HA 200 Pa, FHEHRE A 1 °C/min 554 I
£ R R AL

h RGN N EG, 7 R B fE
Yy EEIF 5 T IE B P58 - 5 O J AE F TV A A

it (PALS) 545G 23 ¥ e 5e aE il (CDBS) M.
PALS RAMES “Pe-18" £ 575, 2Na I (kapton ff
JI%) JERET P9 R AH R S DR 028 = BINR 451, 7
A BT EGE 2 x 108 DAPRRESE T mT SE b, 4208
SRR LT-9 = 58L& @ Hr. CDBS I
PO s Al T 1o X TR A, [ 25 R 5
PRI 511 keV FFIEIET, 512x512 5G4 14
FE I A RGR 1 x 107 DL IR GE A 3 W
E\ + By =~ 2moc® — Fg (B MWL T45468) 19718
RIATEXHAIE X (AE = 2.2 keV), 53EE
Z R BEISVE R, W] 0 35 R AEAN ) Bl 28 78 e

A~ EL
SRS,

3 #X5i%w

K 15 Eu-PMN-PT J& H P % FE & 19 XRD
TEE, GnE 1(a) BroR, £ FE SR RRIE I SR MR
PDF157487 Wi —3%, FRWAIFE i EA HA 1) F5 8K
W 4545 B 1(b) R 2 20°—33° I REAE IR
P&, AN [R] A R MEBIL A I o 5 S5OAT SR 0 Ao 2 A B dnd
W, (HAE A {3725 (57 BURMEE RN EA T S0 B M 1
AR IR 20 = 29.4°FfFUT ¥ W2 5] /b5 ()
LM, 78 GA-PMN P [RIRETE A {725 b
FE v B i 2 1 FE SR AR 0L plg e mT DA
1) A A7 B M T X B4 Reference 1l fiES
A Pz B G AME T 20V, ], HE—2 o iR 2
Z B RAF LS 2) T i A AR e M A 4%
PR, I Vg MR G ESA A, k] DLHE
&V, Hl Reference H I FE LA AHIE HH Fe b i i
TR R T Y. TE Vb R R AR T RSN
A frzsh, BT 0r, X S8R AR gv s B

(a)

\%

A_A A A

Intensity /arb. units

——

Reference

i

Intensity /arb. units

|
]
|
|

i PDF-157487

|
|
J
|

10 20 30 50 60
°)

20/(

1  0.025Eu-0.71PMN-0.29PT Mg % % XRD 3 &

Lt
70 80

(b) (c)

Intensity/arb. units
gg

|
¢ |
|

29 30 31 32 33 42 43 44 45 46
20/(%) 20/(%)

(a) 20 = 10°—80°; (b) 20 = 29°—33°; (c) 20 = 42°—A46° 1% & IX Ik

Fig. 1. XRD patterns of 0.025Eu-0.71PMN-0.29PT ceramics: (a) 20 = 10°-80°; (b) 20 = 29°-33°; (c) selected region of 20 = 42°-46°.
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Fig. 2. SEM image of 0.025Eu-0.71PMN-0.29PT ceramic.
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Table 1.  Decomposed PALS results of 0.025Eu-0.71PMN-0.29PT ceramics (with 7, fixed to 175 ps).

Sample Vo Vi R Reference
T1/ps 175 175 175 175
L/% 43.9940.33 59.1540.61 58.31£0.66 58.09:£0.80
To/PS 287.04+1.3 297.8+2.4 287.542.5 277.742.6
L)% 55.3640.33 39.9540.61 41.1840.66 40.93+0.81
T3/Ds 2482495 2724493 26404120 2732456
L/% 0.642+0.021 0.898-£0.023 0.510-£0.019 0.985+0.023

Fit’s variance 1.0409 1.0954 1.0175 0.9801

%2 0.025Eu-0.71PMN-0.29PT P& Id—1k PALS f#ib4k 5

Table 2.  Normalized parameters of decomposed PALS results of 0.025Eu-0.71PMN-0.29PT ceramics.
Sample Va Vi R Reference
71/ps 175 175 175 175
1,/% 44.2740.33 59.69+0.61 58.60+0.66 58.66+0.80
To/PS 287.0+£1.3 297.842.4 287.542.5 277.742.6
L,/% 55.7340.33 40.314-0.61 41.404-0.66 41.344-0.81
L/1/% 1.26 0.68 0.71 0.70
Fit’s variance 1.0409 1.0954 1.0175 0.9801
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Fig. 3. CDBS ratio curves of 0.025Eu-0.71PMN-0.29PT
ceramics, using undoped 0.71PMN-0.29PT as the reference.
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Fig. 4. 0.025Eu-0.71PMN-0.29PT S-W parameter distribu-
tion diagram of the sample.
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Fig. 5. The dielectric constant spectrum of 0.025Eu-
0.71PMN-0.29PT ceramics: (a) Dielectric constant; (b) diele-

ctric loss.

Z2FE. V,, Vi, Rl Reference &R (11 & H7)
Sl h-149.5, -782.2, —631.6, —620.7 F1-479.4, Eu
BAFERIRIL R T RBAAE, I Eu B3R
IEST R Ik e i D i o N L= e N =i )
FE G, JR H 45 4 S R e IRV, Vi, R
Reference M IUF MR BEAR, DHH2S RL Mz (V, F
V) A R FARAL G A S 1G58,V #MET75X
AN B 0 . AR ORI TR T L H SR
faf #ME2RY Reference Jajii 4t #4) 5 o PR 1o {IK T3
L3I T T AME BT Vi, Vi BT R, X
J7 AF T 1G58 ]y BB 4544 S B k. Eu B4 il
G54 S BV R TR B2, X 5 1 Eu B
Pb JE 5L 2 7 ik b A G 1T T A D AR
Eu A5 229k BEARTR], #50 Eu J R0 5 e 56 vk 8
ARTR], B B e 56 X Jeg 0 245 ) S o A %) 52 i) iz A
[i]. PLAS Fil CDBS Z5 8 UESE, AS[R] H faf MY ()
P g v 23 A7 USRS ) 17 25 o TR RS o SRy s 45+
ST RS2 AT B B 7 R B 1185 i) 2 B N AE —
. 75 Vo Y, A (s e fe s, R ERas i 5
AR RS v, R A 25 60 X JRy R 4G ) 5
S TE

—620.7

5528 s s T

—479.4

—-149.5

= 0.71PMN-0.29PT

e 0.025Eu-0.71PMN-0.29PT-V 5
4 0.025Eu-0.71PMN-0.29PT-Vg
¢ 0.025Eu-0.71PMN-0.29PT-R

#* 0.025Eu-0.71PMN-0.29PT-Ref.

10 10°
f/Hz

Bl 6 0.025Eu-0.71PMN-0.29PT Fij % 1) A e 5 405 %) Aot
RRR, RL N /DRI E4h

Fig. 6. Permittivity vs. log frequency of 0.025Eu-0.71PMN-
0.29PT ceramics, the line are the result of least-squares fit-

ting.
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Fig. 7. Ferroelectric properties of 0.025Eu-0.71PMN-0.29PT: (a) P-E hysteresis loops; (b) P,, P,, and E, parameters; (c¢) J-E curves.
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Fig. 8. Piezoelectric properties of the 0.025Eu-0.71PMN-
0.29PT ceramics.
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Table 3. Dielectric, ferroelectric and piezoelectric properties of 0.025Eu-0.71PMN-0.29PT ceramics.
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R 6504 22.08 143608.32 1111 2.70
Reference 5971 19.86 118584.06 1033 2.76
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Fig. 9. Ceramic dielectric temperature spectrum: 0.025Eu-0.71PMN-0.29PT.
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Fig. 10. Variation of pyroelectric coefficient with temperature.
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Abstract

The charge compensation mechanism exerts a significant influence on the electrical properties of non-
equivalent doped perovskite piezoelectric ceramics 2.5%Eu-doped 0.71PMN-0.29PT ceramics (The optimum
ds3 = 1111 pC/N for R) compensated by 1) creating A-site vacancy (V,), 2) creating B-site vacancy (Vg),
3) changing the B-site cations ratio (R), 4) self-compensation without specific charge compensation design
(Reference) are fabricated via the solid-state reaction method. Positron annihilation lifetime spectroscopy
(PALS) and coincidence Doppler broadening spectroscopy (CDBS) are employed to characterize the defect
structures in the ceramics, and the effects of defects on piezoelectric properties and relaxor behavior are
analyzed. PALS and CDBS results indicate that A-site vacancies dominate in the V, sample, while B-site
vacancies dominate in the other samples. Notably, V, and Vg exhibit the highest concentrations of A-site and
B-site vacancies, respectively, which confirms that the defect distribution is generally consistent with the
designed charge compensation mechanisms. Compared to R and Reference, the V, and Vg samples show higher
room-temperature dielectric constants, resulting from a higher degree of local structural heterogeneity, but
relatively lower piezoelectric coefficients. This abnormal phenomenon is associated with the higher concentration
of oxygen vacancies that pin domain walls and inhibit piezoelectric responses in the material. The relaxor
behavior of the ceramics was also affected by the charge compensation mechanism. The Curie temperature
decreases, while the degree of relaxor dispersion increases in the order of R, Reference, V,, and Vg, which is
related to the interference of A/B-site vacancies on the long-range ordered structure. This study demonstrates
that in Eu-doped PMN-PT ceramics, charge imbalance should be compensated by changing the B-site ions ratio

for excellent piezoelectric properties, and by creating B-site vacancies to achieve superior relaxor behavior.
Keywords: PbMg, ;3Nb,303-PbTiO3 ceramics, positron annihilation, vacancies
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