Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

§ERAW B ekE S YR IS S ThREREHI R KB E R A

KRR mH KeR

Control of surface structures and functionalities in perovskite—type ferroelectric oxides and their potential
applications

Pei Ming-Hui  Tian Yu  Zhang Jin-Xing

5] Fi{i5 &, Citation: Acta Physica Sinica, 69, 217709 (2020) DOI: 10.7498/aps.69.20200884
TELR T2 View online: https://doi.org/10.7498/aps.69.20200884
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

BEERE B AR BB S BRSO 2
Research progress and prospects of photocatalytic devices with perovskite ferroelectric semiconductors

PFEEEAR. 2020, 69(12): 127706 hitps:/doi.ore/10.7498/aps.69.20200287

PEERH R AL AR R ISt

Recent progress of improper ferroelectricity in perovskite oxides

YIBR2A4R. 2018, 67(15): 157504  hitps://doi.org/10.7498/aps.67.20180936

IRAERR AT RHIT ST 0E
Research progress of low—dimensional ferroelectric materials

YrHE2E 4. 2018, 67(15): 157701  https://doi.org/10.7498/aps.67.20180483

B DG PR DT T
Research progress on photocatalytic activity of ferroelectric materials

YIBR2AHR. 2017, 66(16): 167702 hitps://doi.org/10.7498/aps.66.167702

SHH UG ERE A2BB OGS L i) 22 Bk
Multiferroic properties of exotic double perovskite A2BB' 06

YAz, 2018, 67(15): 157510  https://doi.org/10.7498/aps.67.20180817

ZHrA SR SRR e R A S Pk

High pressure synthesis and physical properties of multiferroic materials with multiply—ordered perovskite structure

WIFEAEA. 2018, 67(15): 157505 https://doi.org/10.7498/aps.67.20180878


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200884
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200287
https://doi.org/10.7498/aps.67.20180936
https://doi.org/10.7498/aps.67.20180483
https://doi.org/10.7498/aps.66.167702
https://doi.org/10.7498/aps.67.20180817
https://doi.org/10.7498/aps.67.20180878

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 21 (2020) 217709

BEERHE: FiMe, N AER

PSERH BUERFE SR E 1 S ThRE R
= N HBEN AT

£

H 74 21

K £V

1) (EEff R EeE R, dbat 100875)
2) (FHEERIREILME B, Fi% 710032)

(2020 4F 6 J1 10 HULE; 2020 4£ 9 A 6 HEIENH)

BHERA R B A ALt T RA AR | AR5 R0 AT B B 1 R A R A R R A B P SR T
SERRIE, WO N S B A T A B D RE AT RE 2 — . IS A B TR Bk H S A ) Y 2 T 5 R Xk P fige FL AR T / 5 T i
Ak I 47 2 TR T RS AR R L o B T A O L DA R T AR E R AR DA L T AR R BB R S AR
EEMER TR R M A OC R IR T RSB BBk R SR AL R D R AR I N 22 R T Bk
P T /5 T A5 R P R P AL e S G BT T R R SR A I R T A A B L T E S D) RE 0 il R At
T WS HER R A 4R T B SR AR A T /5 TR T RE A P AR A SR BT, IR ESE H TRk d AR TR
T 2 A9 8 1) JR PR, X4 i 2 T 6 B 7R K el S 9y 2 T A 9 T 5 i R LA B I T S5t 1 T R B

KR PR, BB RALY, Rk, SR I

PACS: 77.84.—s, 82.45.Jn

1 5

F 1920 4F Valasek!!) B IRTES B %
BEERHAE R, B At TR i Y B I (TR
SN AN N =0 QIAN: R i SN 2 S VAN |
LML RN AE), ATLATERETR | B 1 LRI RIS
BERFVF 22 AU O B DI RERRL, — B2
E2I) P2 S0 S ¢ E N IRV UE 7 RE SR N LN 2
TURR R S A v TG ) B ot A s () X R P A R e
TE—E il T n] DR E RIS, HAR
WTT 1 RS 32 SR S, IO 224K T
FERYRE Z — B i AR 3R i S5 A A R
HAR A B 2R T8 D, SRl LAE i
TR R Y B L S A ) 3R i 4 A Ok T S B

ail%

DOI: 10.7498/aps.69.20200884

AR L RE I A R (R 2 T s | RS/
JRAS | RESRFLAL (T~ i) 25), IR 4 n] flf R H bt
BHEA SR T A A% B LA, Blanfiori$a il &
4 O ARk 101 i (0 A% ik (120 26 B 400
s (18] 1), ASCE SE AR IR i 45 5T 0
KRL, AT A ERET RUER L S M) B 2 RIS Y
I, Z 5 IR T R HL AR T /S T A R B PR BIL
R BB A TR RE -5 D RE RO R S TS
Sl Fe R A T Bk AR I /S i Y D RE T A
FERL AR PF BT, FEXE4 IR 2R T A5 A Rk H 4
MR A5 R BT 5 5 Jie e B FH i 4 1 T T .

2 ek A Ak m &
B

PR BB L A AL R A AR L AR5 R

*ERK A RBIA RS (S 11974052) Fdb et A ARARIAIE S (HEHES: Z190008) B B Ay IREL.

+ lfEVE#E . E-mail: yutian@mail.bnu.edu.cn
T BIE1EE. E-mail: jxzhang@bnu.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

217709-1


http://doi.org/10.7498/aps.69.20200884
mailto:yutian@mail.bnu.edu.cn
mailto:yutian@mail.bnu.edu.cn
mailto:jxzhang@bnu.edu.cn
mailto:jxzhang@bnu.edu.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

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 21 (2020) 217709

-

Defect bone

& © o

e ©

e o & e o

..!__ =B u of

R

R
——— - 44+

& DOOD OOOO Miroflidi

ﬂr $REE

v 0000 0088
JRERELAR

EEL

channel

P p- 7

p

ot =%

SEERIRMER

B1 o AT e AL B i AL R R T BUR AR G R, B AL, P AL

Fig. 1. Related applications utilizing the unique surface properties of perovskite-type ferroelectric oxides, E represents electric field,

P represents polarization.
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Fig. 2. (a) Depolarization field caused by bound charge, E represents electric field, P represents polarization®!l; (b) the downward
band bend at an ideal ferroelectric surface with outward (1) polarization; (c) the upward band bend at an ideal ferroelectric sur-
face with inward (| ) polarization, Egpy represents the energy of the conduction band minimum, Eypy the energy of the valence
band maximum, Er Fermi energy??; vector maps of the displacement between the cation and anion columns of positively poled sur-
face (d), negatively poled surface (e) and the domain with the in-plane polarization (f) about PZT thin films®J; (g) atomic resolu-
tion STM image of BWO (113) surface; (h) evolution of dI/dV curves of BWO thin film when approaching from the terrace to the
edgell,
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Fig. 3. (a) Comparison of 2-propanol desorption from positively and negatively poled LNOP?; (b) plots of 3/Tp* versus Tp for de-

sorption of acetic acid, 2-propanol and dodecane from positively and negatively poled LNOP?; (c) schematic of the electric double

layer structure above an inward-polarized ferroelectric thin film in an electrolyte solution and a corresponding sketch of the poten-

tial; (d) the electric double layer structure and interaction force between a negatively charged probe and a ferroelectric thin film

with inward or outward polarization”; schematic diagrams show BFO polarizations are switched from outward/inward to

inward /outward after surfaces adsorbed H* (e) or OH™ (f), respectively.
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Fig. 4. (a) Ionic gradient is formed in the interface between perovskite-type ferroelectric oxides and liquid®; (b) a schematic of the

electric double-layer transistor!’l; schematic diagrams show pH gradients (c) and macromolecular height change (d) are induced by

surface charges of perovskite-type ferroelectric oxides; and (e) the flow direction of charged particles in solution is controlled by the

surface electric field of ferroelectric materials®®; (f) a built-in electric field is formed between the electropositive nanofilm implant

surface and electronegative endogenous bone defect wallll?,

DA 30 5 18] 45 3R T 35 A0 2 T4 ) A 2 TR A b 27 S
ML BRELRIY B AT R A Ak A it 25 il
AL BESS A LA T2 W A, T4 = 2
T AR SR R T LS T L3 st s o ek A A A
05 T S FE T, HE TR A R R T Al g

S (9501 oy AR ER T Ak L SR TR SR T AL Y R
o KA, A EAs s i T R A
FEIH e 4 A VE FH AAHIE RS 2361, SRt i
FL 2854 1 AR A e T R) 1 R AR 3R TR N R 3,
LT 2RAY ATTRR S 2 R A B R T fh 2 g 2
TP G0 Ag* BT e Ak 1] S 1 8k riL 2 1 9k A
B Ag BoRL, HWBHICRUE BTO i, Miresk b
PR Bk L 3R T 4 R A AR SN, 1 P> 8 1 U
Pb* BT, WA 5(a) A& 5(b)B253] [ Mo As 2k f
WAk T 1) AT LA ] — 2k B AR Y A B R AR
ANFITT 1A AR, X ST MRS B BRI T LUk
PRARAF AR 25 /X BIIA R T 2 ST U L, AT LIAE
Ry AR A 6 A H - 338 3R T S 5 0T AU P
TyAI, kR R TR R R 1) o RN BE (U FRL e
WARE ) Ab FH T FEL A R R 45 28 D A1 i i i
TAER BN, AT R 1Ak SO & A 195961,

A 2H B3l R B BWO (001) £k H R bl
0 SR AE SR AT (1 W RE T DA T BT BB FL A
720, WP 5(c) FIE 5(d) Frs BT J 2 il i il
U R A A S T MR A A TR Ak P AR TR 1) 2R T
S5, BEASHE R R A T B I T R ik
TR, 13X 0] LIk ROV A | SR RE TR
TR RS LR 75 T 1) o FH B 15 7 SEL i

FI 20 22T Lk, BH 4N (Sabatier prin-
ciple) X fe FEAE AL A9 L5 B AIE T — A A AE 4,
T HeAl BCh T A2 Ak ) S 2 — PO BRI
Ry, AR ER 1A 5 S R0 53 IR B A 3 A A
HAEF, X FEFHBEARRERSS, LAE REUSHHE 8l N
HEAT; WANRE KR, LABEAE SO 7= 9 B BT, 3 150 1
R R RIS B 2 (AN T sk ) 2 P SR (A B
VEFR AT BEML L, KakekhanilV $2H T —Fh LT
BRI R ShAS TR BRI R AY  3R vE M=
A T X AT 1 ) — S B, (1R 22 2 PR BER T
ZIIHEAL R REAS SIS, 81 ks — S A U AR i
RESRES, W 5(e) FE 5(f) Fis. %5 %8
Tk T 396 A K F AR R A T SR A R s I
L PR A T O, ol IEL A R o Al e 2 24 ) 3% 1

217709-6


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 2 3R Acta Phys. Sin. Vol. 69, No. 21 (2020) 217709

(e)

L

o J’N
1““““]

uu /

2ﬁiﬂiﬂ]

zﬂ’m?m

SRO BWO

Electrolyte Pt

@ Photogenerated hole
@ Photogenerated electron
1 I

(b) ()

(d)

Molecule-surface
interaction

Weak Strong

Pb/1+/pb2+‘_
2 =

Ferroelectric polarization (P)

3 =

Electrolyte Pt

Bl 5 AL sh (a) SO AL (b) 19 BTO 5 Agtid L {37 . PL2 &AL B O I B 45 i B, By BN T RE R, Eo RFEFW
JERYREHE, Bp (AR TORAE, PAGRMAL P, (c) F1 (d) 230 R T BWO(001) Hhild A ] it £ 4 BE ) K 20 7R B BT (e) B AL
i it B A BfE PTO H‘J%"Eﬂﬂ&%ﬁfLJi1ﬂ4%~§1h%ﬁﬁiﬁ%’ﬁ*ﬂ§%ﬁ@ﬁﬁ%%f|§l; () B Al A I 2 20 115 2 T AR FL AR TG
A

Fig. 5. Energy band structure of BTO with outward (a) or inward (b) polarization and Ag" reduction potential, Pb*" oxidation po-
tential, respectively, Ey is the valence band edge, E. the conduction band edge, Fyp the Fermi level, P polarization®; (c) and
(d) show the schematics of water splitting mechanism of different charged domain walls in BWO (001), respectively®; (e) simula-

tion shows the decomposition process of nitric oxide into nitrogen and oxygen can be realized by dynamically switching ferroelectric

polarization of PTO; (f) schematic of molecule-surface interaction controlled by ferroelectric polarization!'].
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Fig. 6. (a) The absorption characteristics of a self-driven micro-spectrometer based on the graphene plasmonic photodetector tuned

by ferroelectric domains, the target spectrum ranges from 5 to 20 pm!'

4; (b) Ag photodeposition on the PZT thin film with periodic

domain structure observed by scanning probe microscopy®; (c) the ferroelectric polarization of BFO thin film is switched to in-

ward after being exposed to acidic solution (pH = 3) and then outward after being exposed to Milli-Q water; (d) the schematic of

printing and erasing the ferroelectric polarization by exposing the BFO to aqueous solution with different pH valuel26].
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Abstract

Over the past decades, exploration and artificial control of the surface and interfacial structure of the
materials have played an important role in chemical catalyzing, energy conversion, information storage and
medical field, and thus the finding of suitable materials with controllable surface/interface properties has
attracted intense interest in recent years. Perovskite-type ferroelectric oxides are considered to be one of the
most promising functional materials due to their intrinsic, non-volatile, reversible spontaneous polarization and
controllable polar surface with high charge density. The investigating of the interaction between polarization
and surface structure of perovskite-type ferroelectric oxide is very important for understanding the surface
(interface) energy conversion, regulating the adsorption and desorption on the surface, controlling interfacial
chemical reaction, and designing stable low-power electronic devices. In this paper, we summarize the
theoretical mechanism and potential applications of the surface structures and functionality in perovskite-type
ferroelectric oxide from three aspects. Firstly, we describe the inseparable relationship between the stabilized
ferroelectric phase and surface structure of ferroelectric material, and illustrate the formation mechanism of
complex surface structure of perovskite-type ferroelectric oxide. In order to reduce the surface energy to stabilize
the polar surface of the material, perovskite-type ferroelectric oxide always needs to absorb foreign charged
particles, change the stoichiometry and conduct electron orbital hybridization or surface relaxation, etc., which
will cause the complexity of the surface structure of ferroelectric. Secondly, we outline the influence of
ferroelectric polarization on the surface structure of ferroelectric and the behavior of changing ferroelectric
polarization by controlling surface structure through adjusting the external environment, which provides an
important basis for the subsequent regulation of the surface performance and functionality of perovskite-type
ferroelectric oxide. Finally, we introduce the utilization of the controllable physical and chemical properties of
ferroelectric surface (interface) into large area and into nanoscale (nanodomain), which has bright application
prospects in many frontier fields, including non-volatile memory system, cell proliferation, microfluidic control
system, catalysis, optical device and photodetector and so on. Furthermore, considering the limitations of
current scientific research about the ferroelectric surface, we put forward the prospects for the future
development of the ferroelectric material in the areas of information storage, controllable chemical reactions and

new energy conversion.
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