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Depolarization Mechanism of Alternating-current-poled Pb(Mg,,;Nb,,;)O;-PbTiO; Single
Crystals Measured using in-situ thermally Stimulated Depolarization Current

Geon-Ju Lee', Hwang-Pill Kim', Sang-Goo Lee?, Ho-Yong Lee’, and Wook Jo'*

Abstract

Currently, increasing attention is being paid to relaxor-based ferroelectric single crystals in photoacoustic images, especially for high-
end applications. Among the crystals are (1-x)Pb(Mg; ;Nb,;)O;-xPbTiO; (PMN-100xPT) single crystals located near their morphotropic
phase boundary (x = 0.30-0.35) because of their ultrahigh piezoelectric and electromechanical coupling properties. The alternating cur-
rent poling (ACP) treatment, rather than the conventional direct current poling treatment, has recently been spotlighted due to its effec-
tiveness in enhancing the piezoelectric properties. So far, it has been suggested that the enhanced piezoelectricity originates from either
a domain miniaturization to nanodomains or from an electric-field-induced monoclinic symmetry. In this study, we demonstrate by ther-
mally stimulated depolarization current measurements that the effect of ACP is too complex to be explained using a single mechanism
and that the proposed electric-field-induced monoclinic symmetry is unlikely to exist.
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Fig. 1. Comparison of Direct current poling (DCP) and Alternating
current poling(ACP)
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Table 1. Comparison of key properties between DCP and ACP.

Property DCP ACP
Piezoelectric coefficient(ds;, pC/N) 1550 1890
Dielectric permittivity(e;s) 4920 5870
Electromechanical coupling factor(k;;) 0.68 0.71
Piezoelectric voltage coefficient(gs;, pC/N) 0.31 0.32
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Fig. 2. Temperature-dependent dielectric permittivity & tan & of DC
& AC poled PMN-PT single crystal.

ojd], TN FH &2 = Fhol 3uf oY =4 Yefh=
Aol F5d a7t A=, ole 42 & ~120% 4]
A1 dle)7] wiZeltt dAl, AC 5
Tdeshe Al teiA DAY FE(15] B A
JAI8H9] 5ol WIAYFo] AAE AL JA R,
o] fHEAo) sF3h= tan § o= WG E o]

| A= 7= Aol ofye} oju] e
wo] Yepdths HelA 71& mAUEe R
A7) Q. AR, B AFoe XA 3F

Aol A 435 DA o] EAE 21 &
, )% AAIE TSDC 4] A= & 5
1 FEHATIL & ZA FE3EE, AC
A7F F2E F71 AR disixe 2ot Al
Ao At o 2ag Row Bk

kel
<
=
st

3
ol

d

[ T
2t
b

O

fo &

e
b
e

o,
K

> = 2 do

=

Momg N 2 % do > ot
o
N

¥ zo

oy
o
ol M

ol

=
)

>~LIF-{O[‘
o

2

K
ey

d

==
=

32 DC ¥ AC
TSDC £4

28t PMN-PT SHZEHO| cHst

TSDCE 2=of w2
A L Wil e

o) 2~
AT 5 Y= L

mEgtol e
= (depolarization) 77 S HH 3]

Tolth. DC % AC Z3¥ PMN-PT
2] TSDCA7} Fig. 39 A2 5] Tk DC EYH v
o 7% ofe] MAFo] FA et PPIAR, 27 Ty, 2
Aol FZ= o A5 T 2AH HTH e JaE5
o F IFOR BFE F vk 54 TSDCS) H A st skt

-
99 250l o 44 oIf2 Uof =dA eR A=
A"
U

= (polarization)<]

s
.J_

o)1=
AT

,d
Lo
B

23
223
o

mlo
o(

2 é?z ‘ﬂﬁ}oﬂ UZ}E d*&‘{_& A

TraollA1 ] TSDC -45'. E% 7WRe] AARF=

Fole A7 E ANe 2T =24 Fel7} 2l
F TAME F7HR H4 20 o3e] w7 Azt
wEbA], PMN-PTE] 8= A2 7180 ¢z A3 g8 4

2 1

61

0.0

-2.0x10° [

<
-4.0x10°
Q.
N

w

= 8.0x10°
c

[}
= soxi0’
=]
O oxiet

~——— DC poled

| ——AC poled

-1.2x10*

60

90
Temperature (°C)

120

Fig. 3. TSDC spectrum of DC & AC poled PMN-PT single crystal.

N
o
T

-
(3]

A\

Polarization (uC/cm?)

10
] poled
~———AC poled
o 1
60 90 120

Temperature (°C)

Fig. 4. Temperature-dependent polarization of DC & AC poled
PMN-PT single crystal.

9
o
)
i

fr o
0,
o
i
S
o5
oL ﬂ?

<l
Y
o
RN

< o
y r-
) F% T

=

r

BY)

fr

Lo

fr

Off

iy

£

T
2 0

)
095
o o

o
U

¢
i

N
==

b2 )
e

ot
3
LA <A

N
-

At r:?
DY
Ao o

3 Te 2 oA 2] &
2o DC EYH ¢
AlZHE e Folth U4 =9]9
o] el Hote thE 94
., AC E‘j/Ur DC ia—% 7V F

1 oX
Ej‘gm[om
o

ox L

flo >4
ol

N

N

B

o,

iin)

OE._] 2t

o]

a

2 ol N oper L e

r&

o
oX
)
|
)
o o
il

&
[0)°]
"13
E
ol
O
HU
rlo
It
é
;a
I

Qe

J. Sens. Sci. Technol. Vol. 29, No. 1, 2020



Geon-Ju Lee, Hwang-Pill Kim, Sang-Goo Lee, Ho-Yong Lee, and Wook Jo

4.4 E

Bridgeman 2.2 A %3} (001) ¥l ¢+ PMN-PT ©+2 4
2 ACEH F DCEH 5] ~120%2] HA AlF(dy)eF 54
E(ey) 35S BAARE o] 2 13| 71714 A (k) oF
2 A} Al (gn)ye & TS HolA eodth ZHE PMN-PT
Ao 2xo WE F1E& W3 24 A9 B4 Tt 22

P

£ 2roM AC AAZR E¥E @A 4214 93 Fhe] DC
AAZ Z2YE 4749 3u) o] A SFE e & A

A fdze] Fslgle SHAA dAPgda
FEE o] o]gjdt d go] Yehstia 1)<l
ACHAIZ Z9% 249

5t
HSES fAYZ 24S 98] TSDCHLOE 7hzte] A|g9] e

ko
4

;—]
7

Lo
3
r
_>‘J_|‘
2
>
iy
9

(=T =
¥ O M H(J
fatd il
o O o g
H oo

fo L

L e
4
02
o,
O>~
I
N
N
rlo
A
N
N
)
1-«0

g
=

This research was supported by Leading Foreign Research
Institute Recruitment Program through the National Research
Foundation of Korea(NRF) funded by the Ministry of Science and
ICT(MSIP) (NRF-2017K1A4A3015437)

REFERENCES

[1] S. E. Park and T. R. Shrout, “Ultrahigh strain and piezo-
electric behavior in relaxor based ferroelectric single crys-
tals”, J. Appl. Phys., Vol. 82, No. 4, pp. 1804-1811, 1997.

[2] J. Kuwata, K. Uchino, and S. Nomura, “Dielectric and
piezoelectric properties of 0.91Pb(Zn,;Nb,;)O; -0.09Pb-
TiOs single crystals”, Jpn. J. Appl. Phys., Vol. 21, No. 9R.
pp. 1298-1302, 1982.

[3] S. Zhang and F. Li, “High performance ferroelectric
relaxor-PbTiO; single crystals: Status and perspective”, J.
Appl. Phys., Vol. 111, No. 3, pp. 031301(1)-031301(50),
2012.

[4] S. Zhang, F. Li, X. Jiang, J. Kim, J. Luo, and X. Geng,

J. Sens. Sci. Technol. Vol. 29, No. 1, 2020

62

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

“Advantages and challenges of relaxor-PbTiO; ferroelectric
crystals for electroacoustic transducers - A review”, Prog.
Mater. Sci., Vol. 68, pp. 1-66, 2015.

F. Li D. Lin, Z. Chen, Z. Cheng, J. Wang, C. Li, Z. Xu, Q.
Huang, X. Liao, L. Chen, T. R. Shrout and S. Zhang,
“Ultrahigh piezoelectricity in ferroelectric ceramics by
design”, Nat. Mater., Vol. 17, No. 4, pp. 349-354, 2018.
F. Li, S. Zhang, D. Damjanovic, L. Q. Chen and T. R.
Shrout, “Local Structural Heterogeneity and Electrome-
chanical Responses of Ferroelectrics: Learning from
Relaxor Ferroelectrics”, Adv. Funct. Mater., Vol. 28, No. 37,
pp. 1-21, 2018.

Y. Yamashita, N. Yamamoto, Y. Hosono, K. Itsumi, “Piezo-
electric transducer, ultrasonic probe, and piezoelectric trans-
ducer manufacturing method”, U.S. Patent 2015/0372219
Al, 24 Dec., 2015.

Z. Zhang, J. Xu, L. Yang, S. Liu, J. Xiao, R. Zhu, X. Li,
X. Wang and H. Luo, “The performance enhancement and
temperature dependence of piezoelectric properties for
Pb(Mg,sNb,;3)0;-0.30PbTiO; single crystal by alternating
current polarization”, J. Appl. Phys., Vol. 125, No. 3, pp. 0-
7, 2019.

J. Xu, H. Deng, Z.Zeng, Z. Zhang, K. Zhao, J. Chen, N.
Nakamori, F. Wang, J. Ma, X. Li and H. Luo, “Piezoelectric
performance enhancement of Pb(Mg;;Nb,;3)0;-0.25PbTiO;
crystals by alternating current polarization for ultrasonic
transducer”, Appl. Phys. Lett., Vol. 112, No. 18, pp.
182901(1)-182901(5), 2018.

Y. Sun, T. Karaki, T. Fujii, and Y. Yamashita, “ Alternate
current poling and direct current poling for Pb(Mg,;;Nby,
3)O5-PbTiO; single crystals”, Jpn. J. Appl. Phys., Vol. 58,
No. SL, pp. SLLC06(1)- SLLC06(6), 2019.

H. P. Kim, G J. Lee, H. Y. Jeong, J. H. Jang, G Y. Kim, S.
Y. Choi, H. Y. Lee, S. G Lee and W. Jo, “Symmetry-bridg-
ing phase as the mechanism for the large strains in relaxor-
PbTiO; single crystals”, J. Eur. Ceram. Soc., Vol. 39, No.
11, pp. 3327-3331, 2019.

C. Qiy, J. Liu, F. Li, and Z. Xu, “Thickness dependence of
dielectric and piezoelectric properties for alternating current
electric-field-poled relaxor-PbTiOs crystals”, J. Appl. Phys.,
Vol. 125, No. 1, pp. 014102(1)-014102(7), 2019.

H. Wan, C. Luo, W. Y. Chang, Y. Yamashita, and X. Jiang,
“Effect of poling temperature on piezoelectric and dielectric
properties of 0.7Pb(Mg,sNb,;3)05-0.3PbTiO; single crystals
under alternating current poling”, Appl. Phys. Lett., Vol.
114, No. 17, pp. 172901(1)-172901(5), 2019.

H. P. Kim, C. W. Ahn, Y. Hwang, H. Y. Lee, and W. Jo,
“Strategies of a potential importance, making lead-free
piezoceramics truly alternative to PZTs”, J. Korean Ceram.
Soc., Vol. 54, No. 2, pp. 86-95, 2017.

W.-Y. Chang, C.-C. Chung, C. Luo, T. Kim, Y. Yamashita,
J. L. Jones and X. Jiang, “ Dielectric and piezoelectric prop-
erties of 0.7 Pb(Mg,;Nb,;3)05-0.3PbTiO; single crystal
poled using alternating current”, Mater. Res. Lett., Vol. 6,
No. 10, pp. 537-544, 2018.



	TSDC 방법을 이용한 AC 폴링된 PMN-PT 단결정의 디폴링 메커니즘 분석

