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1 (110) ,DyScO, ( StTiO4 /PbTiO;) , o a. TEM ( Bar =50 nm) ;
b. HAADF-STEM  ( Bar=5 nm) ;c d. b (e,)
(R)) o

Fig. 1 Vortices in ( SrTiO, /PbTi0,) , superlattices grown on ( 110) ,DyScO, substrates. a. A cross-sectional dark field TEM
image; b. Atomically resolved HAADF-STEM image of one layer of superlattices; ¢ d. Corresponding out-of-plane strain

(&,) and in-plane lattice rotation ( R,) mapping of the areas labeled by the white rectangle in Fig. 1b.

2 (110) ,GdScO, ( SITi0, /PTIO,) , . a. TEM ( Bar =50 nm) ;
b. HAADF-STEM  (Bar=5 nm) ;¢ d. b (e,)
(R) o

Fig.2 Vortices in ( StTiO, /PbTiO,) , superlattices grown on ( 110) ,GdScO, substrates. a. A cross-sectional dark field
TEM image; b. Atomically resolved HAADF-STEM image of one layer of superlattices; ¢ d. Corresponding out-ef-plane

strain ( &,,) and in-plane lattice rotation ( R,) mapping of the areas labeled by the white rectangle in Fig. 2h.
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3 (110) ,SmScO, ( SITiO0, /PbTIO,) , a . a TEM ( Bar =50
nm) ; b. HAADFSTEM  (Bar=5nm);c. b Ti**
Ph** (6y) (Bar =2 nm) .

Fig.3 Vortices and a domains in ( StTiO; /PbTi0,) , superlattices grown on ( 110) ,SmScO, substrates. a. A cross—sectional
dark field TEM image; b. Atomically resolved HAADF-STEM image of one layer of superlattices; ¢. Corresponding Ti** ions

displacement ( 85;) from Pb** lattice vectors mapping of the areas labeled by the white rectangle in Fig. 3b.

4 (110) ,GdScO, ( La, ,Sry ;MnO, /PbTiO;) , o a. TEM ( Bar
=50 nm) ; b. HAADF-STEM (Bar=5nmm);c d. b (e,)
(R) o

Fig.4 Vortices in ( La, , Sr, ; MnO, /PbTiO;) , superlattices grown on ( 110) , GdScO, substrates. a. A cross—sectional dark

field TEM image; b. Atomically resolved HAADF-STEM image of one layer of superlattices; ¢ d. Corresponding out-of—

plane strain ( £,,) and in-plane lattice rotation ( R,) mapping of the areas labeled by the white rectangle in Fig. 4b.

o STO LSMO

/ /
. (STO/PTO),

a 1 SCOTT J F PAZDE-ARAUJO C A. Ferroelectric
o memories J . Science 1989 246 (4936): 1400



314 J. Chin. Electr. Microsc. Soc. 37
- 1405. 9 DAMODARAN A R CLARKSON J] D HONG Z et al.
2 PANTEL D LU H GOETZE S et al. Tunnel Phase coexistence and electric-field control of toroidal
electroresistance in junctions with ultrathin ferroelectric order in oxide superlattices J . Nature Materials 2017
Ph( Zr, ,Tiy ¢) O; barriers J . Applied Physics Letters 16( 10) : 1003 - 1009.
2012 100 (23) : 232902. 10 SCHLOM D G CHEN L Q FENNIE C J et al. Elastic
3 . strain engineering of ferroic oxides J . MRS Bulletin
( ) 1. 2007 26(3): 238 2014 39 (2): 118 -130.
—-258. 11 LIS ZHU Y L WANG Y J et al. Periodic arrays of
4 JIA.C L URBAN K W ALEXE M et al. Direct flux-closure domains in ferroelectric thin films with oxide
observation of continuous electric dipole rotation in flux— electrodes J . Applied Physics Letters 2017 111 (5):
closure domains in ferroelectric Pb( Zr Ti) O, J . 052901.
Science 2011 331 (6023) : 1420 - 1423. 12 UECKER R VELICKOV B KLIMM D et al. Properties
5 TANGY L ZHU Y L. MA X L et al. Observation of a of rare-earth scandate single crystals ( Re = Nd-Dy)
periodic array of flux—losure quadrants in strained J . Journal of Crystal Growth 2008 310 ( 10) : 2649
ferroelectric PbTiO; films ] Science 2015 348 —2658.
(6234) : 547 -551. 13 COHEN R E. Origin of ferroelectricity in perovskite
6 YADAV A K NELSON C T HSU S L et al oxides J . Nature 1992 358 (6382) : 136 —138.
Observation of polar vortices in oxide superlattices J . 14 . MOCVD PbTiO,
Nature 2016 530 (7589) : 198 -201. I . 1997 16( 4): 433
7 NAUMOV I I BELLAICHEL FU H X. Unusual phase -436.
transitions in ferroelectric nanodisks and nanorods J . 15 TANGY L ZHU Y L. MA X L. On the benefit of
Nature 2004 432 (7018) : 737 - 740. aberration-corrected HAADF-STEM for strain
8 HONG Z DAMODARAN A R XUE F et al. Stability of determination and its application to tailoring ferroelectric
polar vortex lattice in ferroelectric superlattices ] domain patterns J . Ultramicroscopy 2016 160: 57
Nano Letters 2017 17 (4) : 2246 -2252. -63.
Evolution of polar vortices in ferroelectric superlattices
LI Shuang' > ZHU Yindian"" TANG Yundong' ZHANG Si-ui'
MA Jin-yuan' > MA Xiudiang'’
(1. Shenyang National Laboratory for Materials Science Institute of Metal Research Chinese Academy of Sciences
Shenyang Liaoning 110016; 2. University of Chinese Academy of Sciences Beijing 100049; 3. School of Materials
Science and Engineering Lanzhou University of Technology Lanzhou Gansu 730050 China)
Abstract Ferroelectric polar vortex has attracted increasing interest for large applications prospects in data storage. In this paper

the polarization state and the effects of both misfit strain and electrical boundary condition on polar vortices in PbTiO, layers of

dielectric/ferroelectric ( SrTiO; /PbTiO,) , and electrode/ferroelectric ( Lag 5 Sry ; MnO, /PbTiO;) , superlattices grown on different

scandate substrates are investigated by using C —corrected transmission electron microscopy. With misfit strain increasing the pattern of

vortex changes slightly and then a domain arises to release the large tensile strain. Meanwhile the periodic vortices can be stabilized in

the PbTiO; layers with La, ; Sry ; MnO; as an interlayer which may prompt the development of researches on its applications.
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