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Abstract: According to the molar ratio of 0.71Pb(Mg;;Nb,3)0;3-0.26PbTi05-0.03Pb(Er,,Nb, ,)O;, Er3+-d0ped PMNT
polycrystalline material was prepared by two-step solid-state synthesis at elevated temperature. Er’-doped PMNT re-
laxor-based ferroelectric crystal with size of @25 mm X 100 mm was grown from the stoichiometric melts by vertical
Bridgman method. In the ferroelectric crystal with perovskite structure, Er’" jons were doped into the crystal lattice via
one composition of the ternary solid solution compound. The dielectric, piezoelectric and ferroelectric properties and
up-conversion emission performance of Er’-doped PMNT crystal wafers were investigated systematically. It is verified
that Er*"-doped PMNT crystal presents the similar electrical properties to those of undoped PMNT crystal. Under the ex-
citation of 980 nm, the crystal also exhibits a strong up-conversion fluorescence emission characteristic to Er’” ions doped
in the medium, and the emission intensity will be enhanced after being poled.
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Fig. 2 XRD pattern of Er’’-doped PMNT poly-crystalline

material

XRD patterns of the precursors MgNb,0O¢ (2) and ErNbO, (b)
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Fig.3 Single crystal boule (a) and wafers (b) of Er**-doped PMNT

0.5

20k 0.4

0.3

tand

10k 0.2

Dielectric permittivity

0 1 L I 0.0
100 200 300

Temperature / C

Kl 4 Er™$52% PMNT i H (10 Hii i
Fig. 4 Temperature dependance of dielectric permittivity and
dielectric loss of Er**-doped PMNT crystal wafer



138 T LM OR 2 R

%30 %

PMNT & (A Fl o, e o] WA Hadli i e 89 C Al
125°C BB H A, 6T A A o B A S8
Fh R AL T PIANGE SARAR, PN FLIE 2y Gl 3L =
J7 VU7 HH A5 5 DU J5 7 7 MR S R A L S 5B A,
R UL ) = - DU AR T 75 89°C LA A,
MG IR T, k3] 125°CA A, R A =
HAHEEL e 4 2100, EiRAHARFE tand 4 1.6%.

ZRURAL AR S A A ER S, WA A R
B dy3 35 730 pC/N. EH KN 5+ 6 kV/em (]
AT, AT S R E 5 Bros, dtk il
PSR Yy E. N 1.6 kV/em, T4k 5
P, g 33.4 uClem®. FT3IGT (A L T H 5k gk
REZ 52l PMNT Gk HLAE, WTLARBL Er B2y
PMNT i B [ HL 2% M g 2 30 8RO G STk 4 18 41
PMNT @AM, BB 28— & W E N Er 5
T X T PMNT @R AR R A PR BRI AN K
24 LEBEN

i HEr 15 2« PMNT & 0 5 I O %t 1 6
FizR, 1E400~1650 nmy KAEHIA, 5 i Bos s
RS/ w3 v g AT RIS B SN € VAR

40

5 kV/em
— 6kV/iem

Polarization / (mC-ecm™)

-6 -4 -2 0 2 4 6 8
Electric field / (kV-em™)

5 Er'457% PMNT # 1 () d i ml 2k
Fig. 5 Polarization hysteresis loops of Er**-doped crystal wafer

i
7/

Absorance / (a.u.)

1 L 1 ;}’!
400 600 800 1000 1400 1600
Wavelength / nm

6 ErB% PMNT & F 1) s o6 g
Fig. 6 Room temperature absorption spectrum of Er**-doped
crystal wafer

488, 520. 550. 654. 800. 980. 1534 nm, %)%}
NEEC B MRS s BIBOR A Frns “Hins *Synn
Fons ‘o Mo s RITREFE GBI, ZR I
SRR AR PEE TEC T T e IR A R

B 745 T F L EC B 24PMNT & =38 T ik
Rl (B S, B R A%, ErX 5 24PMNT &
(K135 56 6 B AR A, H LS EC B 28
CRPRH ) S ARG Ak, T AR
AT T 3 6 o Le T s, e g ik, B
SPOE TR A R) T R R, BORIE I R AL
A 63% 4 T+ £168%

SCI B, 7E980 nmi KGR, AT SIES
BAPMNT i v IF) B4 RIS, e T I
HR ATV AT O 52 BRI A R . B8 A RAL I
Jo i T TE980 nmIURIGAE T R W R R G, W]
DL FHEA RS A T523 1 545 nmAb RS LA
KA T-660 nmAb IR IFLCA Y, 523, 545 nmt
'L‘r&i&E‘Jﬁ‘é?xﬁ]‘ﬁ%%ﬁ%ﬂﬁ)ﬁ?szzﬁ 4115/2\ 4S3/2
— Lsp BRAT, JuLA545 nmAbitI4E e RS AR, T
660 nmAk S LTHERT N T Fop— "5 BRIT 1L R

Er’ 15 2 A I B3 e LB © 2l iz
B BB A AR RTRL G B R e AN R
RASWMGERE, K% 1 T Er 45 2% [ KA IR 1) BE 2K
TN, 72980 nmig AR T, AT A sn T
WO TR B0 B, 35N RN Z 7 Tt
FASAFAEAE 1 o BE LR L BB 53 F T AR S RT3 5.0
R 7E56— OO RS RS, HIRIIUAO BT AL
F M A3 GEGL 100 IO B Frp F Fop ik
9, BfJG 2 O R RO AR, A4S H Tl R
T Hyp *Ssnfl Fonfit 2 L, £ 5 tH(Hp 0, Ss0)—
M5 1 Fon— Ty s RS BRAT A2 56 11523 545 nmA0aige
K4 ER1660 nmH L KR 215

80

i Poled
70 B b

60 - /‘uf’f —

io_/‘rv -‘I..\ JI]]:’:
40 F Fon

30
20

Unpoled  Lin

Transmission / %

400 600 800 1000 1200 1400 1600
Wavelength / nm

Kl 7 Er'$52% PMNT @b =8 ARG S 03B 5 i
Fig. 7 Optical transmission spectra of poled and unpoled
Er’*-doped PMNT crystal wafer



7575, % Br 5403 gk kg Bl PMINT (1 9 i A2 K 5 1k R R A0 139

2
—— Unpoled
3Kkl —— Poled
Unpoled
; 2k
z
g
= Ik ys
i
2
0 1 A_
400 500 600 700

Wavelength / nm

K18 Er’'#52% PMNT ff v AL AT G 0 L e e i
Fig. 8 Upconversion emission spectra of unpoled and poled
Er**-doped crystal wafer

*,
'y I i i
L | * H,
y 3 1S
k. I
-
Z |
1
I
A 3 / Y | e
.'/ 1 ’II b
S g £
= (=] =
o0 [+%=] (-]
& = | = |
¥ i A
™ T _— 1572
Er'"  (a) Er (b) Er'

B9 Er'ES T3 RN AR S e o i
Fig. 9 Energy diagrams for up-conversion emission in Er*
ions doped medium

FEMLH LB T3 RN A R, HIABES 2 W)
(1) e B A 1 R B N 1% % L8 25 . n ¥ 9(b) o, AE
980 nmi K E A/ F, HIABBES 1 B 1 M s, JE
BB e, ENZ G BT e AL 8,
A — NEC R IR B 50 A, TS ANEC
BOR BB, REH&E £ s T i R ARE
U BR AT B PHyyn « *Ssn M Yo BE S E ;S
CHi,*S30)— s 5 WRAT &5 H1523 1 545 nm0s
WK IILE, 1 Fon—"Tisn 5 KT & 4T H 660 nm
S ARINY R SIEA ) o8
Xf LG B 8 AR AL I e R S 6 T LU B, 2 id Ak
AL B G IR i Fr, G b A e O i B LU AR A i B
X PRl 4 BT 5 24 PMINT 8 5% E 47 B A4 Ak 21
A% AR 2 0 f i A AR AR T S B i Ak A7
B IR FRE BRI, T 6 R (10 T8 S 4 K B
S LI A P AR AR K R g e o s B8 1 1 AF5RLE
WSS Sp L1 HIUIE Pt B ik, i AR 3 1) H B AT AR AR
Er (5d 0 T HUE IR B, 1l 45 4f— APHL0HE KT 15

LA e Sk, it 21 B AR B R K B AT
LAY Rt i A% 8 7 LA A 1 2 TR BRIT L,
M B8 +Er' B A PMNT 5 (1 364 % 0 1%
2 RERWIN AL ] DAAT 22 i 45 2 BB M kL |
e RO . S BT S, MECT B
PMINT 5ok U, 32 5 3 K 5 e RE W% W) el 53 3L B
R R L RE -

3 i

K 53 0 L AH N3 2% 4L sl 0.71Pb
(Mg;3Nb,/3)03-0.26PbTi03-0.03Pb(Er; ,Nb; )05 )
Er57% PMNT £ 8, 3845 0RH 1 R Fek b Kl
P 25 mmx100 mm (KE5%5K5 A Er " #52% PMNT
A, Er BT BENs LUV R41 0 Pb(Er,Nb,2)0; [
J7 RS Z B N BB T K o Er 5 2% PMINT iy A (14
DAL BRI I, 1 i R B A = 7 AH st 2K L
HA R s R, Q10)HUm & B R FF TER =7
FHEE PMINT g ARAHIT (AL RS2k H Pk gE; 76
980 nm R IEAEI R, %5 Ak kil B Br 8 1
R I B e ek, I HAEMRA AL L2 )5,
RGP T B g, R — R S A
TBAR M B A R YRR A A .

S % Hk:

[1] PENG DENG-FENG, WANG XU-SHENG, XU CHAO-NAN , et
al. Bright upconversion emission, increased 7., enhanced ferro-
electric and piezoelectric properties in Er-doped CaBisTi,O;5 mul-
tifunctional ferroelectric oxides. J. Am. Ceram. Soc., 2013 , 96(1):
184-190.

[2] DU PENG, LUO LAI-HUI, LI WEI-PING, et al. Optical tempera-
ture sensor based on upconversion emission in Er-doped ferroelec-
tric 0.5Ba(Zr,Tip5)0;-0.5(Bag,Cao3)TiO; ceramic. Appl. Phys.
Lett. 2014, 104(15): 152902.

[3] HAO JIAN-HUA, ZHANG YANG, WEI XIAN-HUA. Electric-
induced enhancement and modulation of upconversion photolumi-
nescence in epitaxial BaTiO;:Yb/Er thin films. Angew. Chem.,
2011, 123: 7008-7012.

[4] CHEN GUAN-YING , LIU HAI-CHUN , LIANG HUI-JUAN, et
al. Upconversion emission enhancement in Yb**/Er’*-codoped
Y,0; nanocrystals by tridoping with Li" ions. J. Phys. Chem. C,
2008, 112(31): 12030-12036.

[5] TIAN XIANG-LING, WU ZHENG, JIA YAN-MIN, et al. Rema-
nent-polarization-induced enhancement of photoluminescence in

Pr‘“—doped lead-free ferroelectric (BigsNaos)TiO; ceramic. Appl.



140

WL MR

i %5 30 4

(9]

[10]

Phys. Lett., 2013, 102(4): 042907.
KATZKE H, DIETZE M, LAHMAR A, et al. Dielectric, ultraviolet/

visible, and Raman spectroscopic investigations of the phase tran-

sition sequence in 0.71Pb(Mg,;3Nb,3)03-0.29PbTiOs crystals. Phys.

Rev. B, 2011, 83(17): 174115.

KE YI-YANG, LIANG ZHE, SHEN QI, ef al. Solid-state synthesis
of polycrystalline material for PIMNT single crystal growth.
Journal of Synthetic Crystals, 2011, 40(6): 1372-1375.

CHEN HONG-BING, LIANG ZHE, LUO LAI-HUI, et al. Bridg-
man growth, crystallographic characterization and electrical prop-
erties of relaxor-based ferroelectric single crystal PIMNT. J. Alloys
Compd., 2012, 518: 63-67.

CHEN HONG-BING, KE YI-YANG, LUO LAI-HUI, et al. Bridg-
man growth of large-size relaxor-based ferroelectric single crystal
PIMNT. Journal of Synthetic Crystals, 2012, 41(sl): 117-123.

XU GUI-SHENG, LUO HAO-SU, GUO YI-PING, et al. Growth
and piezoelectric properties of Pb(MgsNb,3)O;5-PbTiO; crystals

[11]

[12]

[13]

[14]

by the modified Bridgman technique. Solid State Communications,
2001, 120: 321-324.

KOCHARY F, AGGARWAL M D, BATRA A K, et al. Growth and
electrical characterization of the lead magnesium niobate-lead ti-
tanate (PMN-PT) single crystals for piezoelectric devices. J. Mater.
Sci.: Mater. Electron., 2008, 19: 1058-1063.

WENG FANG-YI, CHEN DA-QIN, WANG YUAN-SHENG, et al.
Energy transfer and up-conversion luminescence in Er*’/Yb*"
co-doped transparent glass ceramic containing YF; nano-crystals.
Ceramics International, 2009, 35: 2619-2623.

LUO LAI-HUIL, DU PENG, LI WEI-PING, et al. Effects of Er
doping site and concentration on piezoelectric, ferroelectric, and
optical properties of ferroelectric NagsBigsTiO;. J. Appl. Phys.,
2013, 114:124104.

WANG YU-HU, OHWAKI JUNICHI. New transparent vitroce-
ramics codoped with Er’* and Yb*" for efficient frequency upcon-

version. Appl. Phys. Lett. , 1993, 63(24): 3268-3270.



