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Fig. 1. Crystal structure of perovskite BiMnOs: (a) Cu-
bic; (b) tetragonal BiMnOgz with 0.18% strain; (c) tetragonal
BiMnOgs with 4% strain.
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Fig. 2.
of tetragonal BiMnO3 and magnetic moment of Mn:
(a) 0.18% strain; (b) 4% strain.
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Fig. 3. Orbital-resolved density of states (DOS) for tetrag-
onal BiMnOs3 with 4% strain: (a) Mn 3d; (b) Otop 2p. The
shaded plots and solid red curves correspond to the DOS
of atoms at paraelectric states and ferroelectric states, re-

spectively.
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Fig. 4. Spin density distribution in the zz plane for
the tetragonal BiMnOs with 4% strain: (a) Paraelec-

tric states; (b) ferroelectric states.

157511-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 15 (2018) 157511

2 8k BiMnO3 H 19 8k #E M 5 k il P 1 T 4 4
MAEN TR b #8440 oh AR N HME. @il
X PR 2 18] AR A, FEAN G N T fih 28 44 1)
A DL RV A M R A ) 2 MR 247 8. LB S
], B YIS AE TAERS, 776 %5 FE 2L SR fph 71
11515 5 I ik 2 g e A A S kA% A5 5 AT
R, HeAE U, A — S ik (5 S AR I AR AT DA
PR ) — BT A 5 AL I R, X R 2R AT
9A] BLAH BLBiMnOg NARGE I 2 Bk AR 04 RHE &
N LR A28 RSB il 5 fros, 28 B EE
A, AT DA K T 1) B A 3 R R rE AR
AR ZS 1 1 388 ek 52 e i A 22 O R BHAS ) T dn
SR A %2 kR R B R B L kR 4
B, 4 H TS 2 86 BE B iR 2 mT DL el H Bk
P AW A B R R 42 T R 1) 738 A T DA 4 %
TE 25 1 S 3 SR S B ) B BHAS . X Fhe
R FE SEE 7K P 7 m) b B 25 98 4% 6 [R) B R T ARl 7K
77 1) () L 3 aa PR — 0 R 1 BT 1R RS,
AT DASEEL AR ) 5 fish ) — L6 5 AT 9 BB
(a) ®

Multiferroics

Multiferroics

5 NS AR R ARAT 9 B 2 Bk N TR i 2 A o R
(a) £ R A% 515 5 1 RIS B2 i HAR R ik A2 545 5 14T
9 (b) N TR b as A 54 Wy atl, e g
Gl

Fig. 5. (a) Complex behavior of synapse; (b) schematic
illustration of multiferroic synapse; the blue and yel-
low particles correspond to the electrodes and insula-

tor, respectively.
4 % @

3 3o 3 T R V2 bR ER A (1 455 4 T T I
%, KM GGA+U 15 T P4 77 # BiMnO3 £ xy T
PN 0.18% 5 4% PR AS[RI R 3 264 T I8k fe 5
PRBLMESR, R BRI T S 2 MR AER. 4R
R, 752 Bk BiMnOg H, HBkmE M mT DL i
BRE AT — e RE R AR AR N TR
S PEAPRL R B T 2 R A R, AT T LA
TAE 2 M RE, R RAE S 4T R —
(5L A, A SCATH 7 (1) 2 B RLTE N T A&

25 e P e 0, o N TR RE QU R R RE — 2 [

SE3H

[1] Yang J J, Strukov D B, Stewart D R 2013 Nat. Nan-
otechnol. 8 13
[2] Yang Y, Wen J, Guo L, Wan X, Du P, Feng P, Shi Y,
Wan Q 2016 ACS Appl. Mater. Interfaces 8 30281
[3] Hebb D O 1949 The Organization of Behavior: A Neu-
ropsychological Theory (New York: John Wiley and
Sons, Inc.)
[4] Kandel E R 2001 Science 294 1030
[5] Burke S N, Barnes C A 2006 Nat. Rev. Neurosci. 7 30
[6] Merolla P A, Arthur J V, Alvarez-Icaza R 2014 Science
345 668
[7] Versace M, Chandler B 2010 IEEE Spectrum 47 30
[8] Smith L S 2006 Handbook of Nature-Inspired and
Innovative Computing: Integrating Classical Models
with Emerging Technologies (New York: Springer)
pp433-475
[9] Indiveri G, Chicca E, Douglas R 2006 IEEE Trans. Neu-
ral Networks 17 211
[10] Song S, Miller K D, Abbott L F 2000 Nature Neurosci.
3 919
[11] Bi G Q, Poo M M 1998 J. Neurosci. 18 10464
[12] Douglas R, Mahowald M, Mead C 1995 Annu. Rev. Neu-
rosci. 18 255
[13] Jo S H, Chang T, Ebong I, Bhadviya B B, Mazumder
P, Lu W 2010 Nano Lett. 10 1297
[14] Boyn S, Grollier J, Lecerf G, Xu B, Locatelli N, Fusil
S, Girod S, Carretero C, Garcia K, Xavier S, Tomas J,
Bellaiche L, Bibes M, Barthélémy A, Saighi S, Garcia V
2017 Nat. Commun. 8 14736
[15] Chanthbouala A, Garcia V, Cherifi R O, Bouzehouane
K, Fusil S, Moya X, Xavier S, Yamada H, Deranlot C,
Mathur N D, Bibes M, Barthélémy A, Grollier J 2012
Nat. Mater. 11 860
[16] Kim D J, Lu H, Ryu S, Bark C W, Eom C B, Tsymbal
E Y, Gruverman A 2012 Nano Lett. 12 5697
[17] Hill N A, Rabe K M 1999 Phys. Rev. B 59 8759
8] Seshadri R, Hill N A 2001 Chem. Mater. 13 2892
[19] Pélova L, Chandra P, Rabe K M 2010 Phys. Rev. B 82
075432
[20] Chanthbouala A, Matsumoto R, Grollier J, Cros V,
Anane A, Fert A, Khvalkovskiy A V, Zvezdin K A,
Nishimura K, Nagamine Y, Maehara H, Tsunekawa K,
Fukushima A, Yuasa S 2011 Nat. Phys. 7 626
[21] Lequeux S, Sampaio J, Cros V, Yakushiji K, Fukushima
A, Matsumoto R, Kubota H, Yuasa S, Grollier J 2016
Sci. Rep. 6 31510
[22] Biswas A K, Atulasimha J, Bandyopadhyay S 2015 Nan-
otechnology 26 285201
[23] Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett.
77 3865
Kresse G, Furthmuller J 1996 Comput. Mater. Sci. 6 15
Kresse G, Joubert D 1999 Phys. Rev. B 59 1758
[26] Kresse G, Furthmuller J 1996 Phys. Rev. B 54 11169

S
S,

157511-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1038/nnano.2012.240
http://dx.doi.org/10.1038/nnano.2012.240
http://dx.doi.org/10.1021/acsami.6b08515
http://dx.doi.org/10.1126/science.1067020
http://dx.doi.org/10.1038/nrn1809
http://dx.doi.org/10.1126/science.1254642
http://dx.doi.org/10.1126/science.1254642
https://ieeexplore.ieee.org/abstract/document/5644776/
http://dx.doi.org/10.1109/TNN.2005.860850
http://dx.doi.org/10.1109/TNN.2005.860850
http://dx.doi.org/10.1038/78829
http://dx.doi.org/10.1038/78829
http://dx.doi.org/10.1523/JNEUROSCI.18-24-10464.1998
http://dx.doi.org/10.1146/annurev.ne.18.030195.001351
http://dx.doi.org/10.1146/annurev.ne.18.030195.001351
http://dx.doi.org/10.1021/nl904092h
http://dx.doi.org/10.1038/ncomms14736
http://dx.doi.org/10.1038/nmat3415
http://dx.doi.org/10.1038/nmat3415
http://dx.doi.org/10.1021/nl302912t
http://dx.doi.org/10.1103/PhysRevB.59.8759
http://dx.doi.org/10.1021/cm010090m
http://dx.doi.org/10.1103/PhysRevB.82.075432
http://dx.doi.org/10.1103/PhysRevB.82.075432
http://dx.doi.org/10.1038/nphys1968
http://dx.doi.org/10.1038/srep31510
http://dx.doi.org/10.1038/srep31510
http://dx.doi.org/10.1088/0957-4484/26/28/285201
http://dx.doi.org/10.1088/0957-4484/26/28/285201
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1016/0927-0256(96)00008-0
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.59.1758
http://dx.doi.org/10.1103/PhysRevB.54.11169

) I8 % 48 Acta Phys. Sin. Vol. 67, No. 15 (2018) 157511

[27] Blochl P E, Jepsen O, Andersen O K 1994 Phys. Rev. Humphreys C J, Sutton A P 1998 Phys. Rev. B 57 1505
B 49 16223 [29] Gao Y C, Duan C G, Tang X D, Hu Z G, Yang P, Zhu
[28] Dudarev S L, Dudarev S L, Botton G A, Savrasov S'Y, Z, Chu J 2013 J. Phys.: Condens. Matter 25 165901

SPECIAL TOPIC — Multiferroicity: Physics, materials, and devices

Theoretical study on magnetoelectric effect in
multiferroic tetragonal BiMnQOg3*

Yuan Ye Tian Bo-Bo' Duan Chun-Gang

(Key Laboratory of Polar Materials and Devices, Ministry of Education, School of Information Science Technology,
East China Normal University, Shanghai 200241, China)

( Received 12 May 2018; revised manuscript received 15 June 2018 )

Abstract

Perovskite BiMnOs3 with ferroelectric and ferromagnetic ordering simultaneously, as a kind of multiferroics, can be
expected to have the coupling between the magnetic and dielectric properties as well as their control by the application
of electric fields. This advantage can make BiMnOgs a good candidate for an artificial synapse material. Under the
framework of the density functional theory, in this paper we adopt the generalized gradient approximation (GGA+U)
plane wave pseudopotential method to calculate the ferroelectricity double-well potential curves and magnetic moments
of Mn of tetragonal BiMnOgs, with 0.18% and 4% strain exerted in its x-y plane. The results show that the magnetic
moment of Mn monotonically increases from paraelectric state to ferroelectric state. It means that the ferromagnetic
property of tetragonal BiMnOgs can be controlled by the intensity of polarization. The greater the stress, the greater
the range of magnetic moment is. This would imply that the multiferroic artificial synapse device based on BiMnO3s can

bring another degree of freedom into designing the complex cognitive systems of artificial intelligence in the future.

Keywords: multiferroics, BiMnOs3, artificial synapse
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