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Abstract

Ni/PMN-PT thin film was prepared by pulsed laser deposition (PLD) method. The crystal structure,
magnetic properties and magnetoelectric effect were measured. The experimental results indicate
that, the thin film presents obvious electric-field modulation effect on magnetic properties. More-
over, this modulation effect is non-volatile and presents temperature stability, which is benefit for
the fields including information memory and sensor. Also, the modulation mechanism was inves-
tigated. For example, the electric field modulation effect on magnetic properties in Ni/PMN-PT
thin film is attributed to the change of the magnetic anisotropy, which results from the ferroelec-
tric polarizing induced-stress.
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Figure 1. The XRD patterns of the Ni/PMN-PT thin film
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Figure 2. The surface (a) and cross-section (b) morphology of the Ni/PMN-PT thin film
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Figure 3. The room-temperature M-H loops of the Ni/PMN-PT thin
film with different ex situ E-field. The inset presents locally enlarged
image of M-H loops in low H region
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Figure 4. Magnetization as a function of temperature (M-T) with dif-
ferent electric fields and H=100 Oe for the Ni/PMN-PT thin film

& 4. Ni/PMN-PT SER R R R BRI T EERERE T LR
(H=100 Oe)

%, Wb WIS SN, TTAEAF I3 K .

MSERRR A E, SRR RE L AUR 2 — R Vo Bl R AR P TR, A T W TEAN RIS SRR B8 T 13
VR B R L RS, FRATIE T AN RN BEA BV R AR E . 5] 4 45t TAER 7 ) e
3 kViem TRE AT SR FE IR FL I3 . NIRRT AR B, fE P i B A SR AR DI , Ao N
R SR A W R R . R, R SIRPAE, XA H I R A o R TSR AR BT R . T HA
SR T SR (IS I 37 (8 Bk rE AR A T AN IR AR, AR5 PRI AR AL SR T ), KA vl 37 1 2 A
Gy R TXAE S FLIZ R S R PR P AR E PN AR 2 SR AR AR — SRR A5 A0l A IR T T A
FHVEAE RN o

4, gig

R AR EOEDIELE PMN-PT BG4 i ) 215 21 Ni 358, B 7032 %) NilPMN-PT 2 & fibf
RHEAE R B N FESEIG F3RAG 1 G SR A B A 37t N R R 1 PO A R ] 3o i ) 2807
A SRR IR X R L . 28 1kViem I, BRI AIE ] T 8.6%: 1M 3 kV/iem HH
D EAS I AR FRIE R T 32%. L F I 5 TR AR AL A Ny, 0 T e RS R PRSI % 7
PE M 1 I R R RIPL  ASHIE T AR, JE L H s w] DUSEEUS MR RE L BEAT A . AR
FIEE, XA BAT AR 5 SR A R G ARt B2 AR 52 P ) P 32 R A T A SO AE A R A A S A IR a1 45 7 T A
AREF O . FH AT

HE&mHE
A SCAS BIE K 3 AR A 3E42(11004031) . A HRRLEIE4:(2016J01007) AR Hrt LB A
AR (JA12054) M 145 207 JT 55 45050 H (JA15100) 1 % Bl .

SE3#k (References)

[1] Nan, C.-W., Bichurin, M., Dong, S., Viehland, D. and Srinivasan, G. (2008) Multiferroic Magnetoelectric Composites:
Historical Perspective, Status, and Future Directions. Journal of Applied Physics, 103, Article ID: 031101.

©,



K 5%

(2]
(3]

(4]
(5]
(6]
(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

https://doi.org/10.1063/1.2836410

Ma, J., Hu, J., Li, Z. and Nan, C.-W. (2011) Recent Progress in Multiferroic Magnetoelectric Composites: From Bulk
to Thin Films. Advanced Materials, 23, 1062-1084. https://doi.org/10.1002/adma.201003636

Weiler, M., Brandimaier, A., Geprags, S., et al. (2009) Voltage Controlled Inversion of Magnetic Anisotropy in a Fer-
romagnetic Thin Film at Room Temperature. New Journal of Physics, 11, Article ID: 013021.
https://doi.org/10.1088/1367-2630/11/1/013021

Lee, Y., Liu, Z., Heron, J., et al. (2015) Large Resistivity Modulation in Mixed-Phase Metallic Systems. Nature Com-
munications, 6, Article No. 6959. https://doi.org/10.1038/ncomms6959

Liu, M. and Sun, N.X. (2014) Voltage Control of Magnetism in Multiferroic Heterostructures. Philosophical Transac-
tions of the Royal Society A, 372, Article 1D: 20120439. https://doi.org/10.1098/rsta.2012.0439

Baek, S., Jang, H., Folkman, C., et al. (2010) Ferroelastic Switching for Nanoscale Non-Volatile Magnetoelectric De-
vices. Nature Materials, 9, 309-314. https://doi.org/10.1038/nmat2703

Fusil, S., Garcia, V., Barthélémy, A. and Bibes, M. (2014) Magnetoelectric Devices for Spintronics. Annual Review of
Materials Research, 44, 91-116. https://doi.org/10.1146/annurev-matsci-070813-113315

Chiba, D., Fukami, S., Shimamura, K., Ishiwata, N., Kobayashi, K. and Ono, T. (2011) Electrical Control of the Fer-
romagnetic Phase Transition in Cobalt at Room Temperature. Nature Materials, 10, 853-856.
https://doi.org/10.1038/nmat3130

Yang, Y.T., Zhang, Q.M., Wang, D.H., et al. (2015) Electrical Controlled Magnetism in FePt Film with the Coexis-
tence of Two Phases. Applied Physics Letters, 103, Article ID: 082404. https://doi.org/10.1063/1.4819459

Zhou, W., Li, Q., Xiong, Y., et al. (2014) Electric Field Manipulation of Magnetic and Transport Properties in
SrRuO3/Pb(Mg1/3Nb2/3)03-PbTiO3 Heterostructure. Scientific Reports, 4, Article No. 6991.
https://doi.org/10.1038/srep06991

Hu, J.-M., Li, Z., Chen, L.-Q. and Nan, C.-W. (2011) High-Density Magnetoresistive Random Access Memory Oper-
ating at Ultralow Voltage at Room Temperature. Nature Communications, 2, Article No. 553.
https://doi.org/10.1038/ncomms1564

Cherifi, R., lvanovskaya, V., Phillips, L., et al. (2014) Electric-Field Control of Magnetic Order above Room Temper-
ature. Nature Materials, 13, 345-351. https://doi.org/10.1038/nmat3870

Nan, T.X., Liu, M., Ren, W., Ye, Z.-G. and Sun, N.X. (2014) Voltage Control of Metal-Insulator Transition and
Non-Volatile Ferroelastic Switching of Resistance in VOx/PMN-PT Heterostructures. Scientific Reports, 4, Article No.
5931. https://doi.org/10.1038/srep05931

BrandImaier, A., Geprags, S., Weiler, M., et al. (2008) In Situ Manipulation of Magnetic Anisotropy in Magnetite Thin
Films. Physical Review B, 77, Article 1D: 104445. https://doi.org/10.1103/PhysRevB.77.104445

Wu, T., Bur, A., Zhao, P., et al. (2011) Giant Electric-Field-Induced Reversible and Permanent Magnetization Reo-
rientation on Magnetoelectric Ni/(011)Pb(Mg13Nb,;3)O5-PbTiO3 Heterostructure. Applied Physics Letters, 98, Article
ID: 012504. https://doi.org/10.1063/1.3534788



https://doi.org/10.1063/1.2836410
https://doi.org/10.1002/adma.201003636
https://doi.org/10.1088/1367-2630/11/1/013021
https://doi.org/10.1038/ncomms6959
https://doi.org/10.1098/rsta.2012.0439
https://doi.org/10.1038/nmat2703
https://doi.org/10.1146/annurev-matsci-070813-113315
https://doi.org/10.1038/nmat3130
https://doi.org/10.1063/1.4819459
https://doi.org/10.1038/srep06991
https://doi.org/10.1038/ncomms1564
https://doi.org/10.1038/nmat3870
https://doi.org/10.1038/srep05931
https://doi.org/10.1103/PhysRevB.77.104445
https://doi.org/10.1063/1.3534788

L
Hans X
W BRE B EZ I TRSE:
BRaAT & RS (QQ- MiE. HiFE 1)
s U AC B &3 B A
24 /INEF DL PN SR A8 ) TG 55 1)
I AR S 45 h5 T
N EAT &
S0 A 2R
4= W 25 78 15 HET IR B BT 9T

hEE S http://www.hanspub.org/Submission.aspx
HATIMRF : app@hanspub.org

NogapwhpRE



http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	Electric-Field Modulation Effect on Magnetic Properties in Ni/PMN-PT Multiferroic Heterostructure
	Abstract
	Keywords
	Ni/PMN-PT多铁异质结中电场对磁性的调制
	摘  要
	关键词
	1. 引言
	2. 实验
	2.1. 样品制备
	2.2. 结构及性能测试

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献 (References)

