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Abstract

NMCS/Au/PMN-PT composite magnetoelectric thin film was prepared by pulsed laser deposition.
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X-ray diffractometer (XRD) and scanning electron microscope (SEM) were used to analyze the struc-
ture of the thin film. The magnetic properties of Nis3sMn41CosSny; ferromagnetic shape memory al-
loy (FSMA) and the modulation effect of electric field on magnetic properties were studied by the
Physical Properties Measurement System (PPMS) and the Magnetoelectric Measurement System.
The experimental results show that, accompanied by obvious magnetization change, the NMCS alloy
processes the first-order phase transition from austenite to martensite in the measured tempera-
ture region. The electric field can obviously modulate the magnetism of the film, that is, there exists
converse magnetoelectric effect (CME). The electric-field modulating effect on magnetism in this
system has abundant basic physics research significance, and presents potential application pros-
pect in the fields of sensors, electromagnetic detection and information storage.
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AR, HEHRARR G RN T IERE % B 3hiEH RG . AERES . 5 BAREN TS5 S BOR S f A %
(R AE L T 52 B NATTE0 32 SRV [L]-[ 7] B F A & 0N A2 AR ARG Bk B 1 DL AR e R P i 3%
12, HWMAE R B LR G TR G o A RE G R8N 7 D TE 1 F RS G R0 [8RH 80 ik PR A U2 [9],
TEMEIHAE R 7= Ak A AR A P B TR AR, 7 FRL A R 72 AR AR A 1 A e ) R0 H 2K . 1926 47,
Debye #2 i T # Hi(Magneo-electricity, ME)[FJ#4>. 1959 4 Dzyaloshiniski 25 N\ 3B #E i 43 #r 4 H I 2k
CroOs HAFLERE R A RN, %70 5 bl o % Astrov 25 N SEE6 AT IE S [10], AIHGES 1 AATIXH o RS2 B
FUEE — P A . 1961 4F, Folen TESRIGH B IR KIL T CryOs diAARTEARIR T AFTEL MG H R & 2082 [11]
1966 4=, Schmid %5 A\ &I T HHER £E NigB;Oqsl A 7E 60 K DL T S5RATERIZR R ILAE, FE A0S 21 Bkt Ak
R AFER & RN [12]. BEJS, LiCoPOs. SmyCuQy. BiFeO; [1155— R HIA AR k45 A A7 FE M FE A 5 3L
Nio SRT, TEHAHZEAEFR, K& MR P Ak A 7 37 R ARG, R =0 A 22 Bk A k)
FHXTED, HEHRRR G RN, X SRR O R T AR 2 AR R e o DAL, BB AP E AT RLAD 2k Hi A
B FMIFE SR A 45 MBS R T TR 2 o0k Horp, BRI S & e il /E T2 EnT DASEEL
YK R B dl AT, v DA RO PR AR A B sk, IF B i 2 A e A = SR T S A

H RTSEEL FMIFE 245 03 45 re s BE ) Sl PRl & OSSO DA R = RARRON  AZ i
BRSIFNSA R o DRI A AR 38R PR T 50 G 4, P LABR SRR 22 1) A\ SR FH IR AR RS SR S B FS N o A SEEBRR
W, 3 I 2 T A AR R A IS BaTiO, B PMIN-PTu 8250 b, BIFE REAS R L L M BE FR 42 i — b B
e f O HA R S BLBR R F R A RS T SR R TSR N B 2 R IR AR A RN
FHRME L, DRI 8 22 1R R A R R0 2 1k 1 18 i (Ferromagnetic, FM) BL 1] 45 7E 42 Fi 4 JEE (Ferroelectric, FE)
b, R EAT R AF S FM/FE RG22 4 . R 28 i, PR s, @i
ARG B R R I, SEIR AR I BRSSO . MITEX —F AR RIL T2 4 N3
PRG3R RS IR AN (1) FLA7 WA A 56 D AR SR BT (1) 1 P S PR A b B It o el T F 3 R i v (D
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TR PO SO RO S Rt P B A2 R VA (R S PR, AR S FEL RO NE PR TR 8 %2 [14] [15] [16] [17]

WETERI], FRAF RN RE HAR 5 R BN QB A TR LA W S I P ROk R AR R A AP 24 28 M A e
BATE G B IRIRIOBETER R B Ni-Mn EBRBIARICIZ &t BSOSV 2 R B N
1 RHEA RN o IZAEAFAE “Ni-Mn SEERRETEARICAZ & /R AR RS AR A AT RETE 5 TSR
WEFAR G R MTERT AL IRk Ak PMN-PT SR [0LL] 77 Bt s IS, & sk 2 e ~F [ N [01-1] J el =
PSRN, FE[100]1J7 [ AR s A o I FH I T A5 0 S Ak PR AR, K (O1.1) B T £ v P AT P 50 AL 1
Ni-Mn FEBRRE R A IR A, JUA AT RE S DU 2 i) T A el TS SRR 7 Pt

LU Er T, ATTRT “Ni-Mn ZEBRBIRARICAZ G SRR AR S5 00 55 G5 MR I ) 46 . Wiky
N EEE Rl Llf S VAT

2. SEER

1) NigzsMny;CosSnyy BIEAF K 8RR T ) 2% o B 424k 52 3K NiggMng; CosSnyy W25 70 36 HU AT IC 474 a8 VR 5 7T X
Vi A TS HR I VISR 2 0k, DLIRAR LR 3 A0 35050, SR G W WS MR I 1) 4t PRE A 9 N TE
900°C FHAIR K 96 /NI, 2 JE ¥ A S A TG TNV AK R, 4321 NiggMng CosSnyy & 4%t JEId 26D
FK O EN ONIE A T RO DR B4 IR @I BP0 TIRE,  JeTE PMN-PT 2k HL 5 4 ik
EPTRR—)Z Au, FTR NiggMng CosSnyy R . BARSEUNTS : ORI TAESE: KrF S F1 IR A :
200°C, fEfRE . 4%10° Pa; BOLHK: 248 nm; BOET/ERERE: 390 m), TIEHIZ: 3Hz; AuZiT
FASTA]: 3 mins, NigMng,CosSny FHRUTARIN ] 145 mins.

2) NiggMngCosSnyy AL R VEREIR . T8I X FHEZRATHS U (XRD) 434 AR (SEM) 73 )l X 7 i
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Figure 1. XRD patterns of the NMCS/Au/PMN-PT(011) thin film)
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Figure 2. Cross-section SEM morphology of the NMCS/Au/PMN-PT
thin film
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Figure 3. Thermomagnetic curve of the NMCS/Au/PMN-PT thin film
underH=0.1T
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Figure 4. (a) M-H loops of the thin film under position applied electric fields at room temperature; (b) The dependence of
saturation magnetization on the position electric field
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Figure 5. (a) M-H loops of the thin film under negative applied electric fields at room temperature; (b) The dependence of
saturation magnetization on the negative electric field
5. () ARSNGB IARFEFELZ; (b) (EFIRLREREINNf1 B IARI T 1L BhLk

A, MWE AL B 5 HTLER], 1E. EGERTRARAL R R ZAE AR —F, 5 PMN-PT
Ao TR AR () LIS [RI AN KW 6o AT & T SE30 I R, PMIN-PT Ao J 9 4 FELAR A AN R4 11
gER, Hh— /A A, B AR EREE A NMCS/Au, 1 NMCS &£ S RIET Au, MITS
FAE PMN-PT Aof JE N 1F o] HUR AR A7 ) R B, ARG A Z200), b 512 IE . S n] g Rl Ak o
8 1% VA 22 )

4. #hig

ASCIE IS Bk O TR (PLD)E PMN-PT 4K Eill 45 T NiggMngCosSnyy & 4. il X S 2617
ST HRE 5 1) XRD BEAT 1o 23 AT, R BB (SEM) 20 T AL S R ST T TS0, DAk 45 SR 3% A e A
SO R AF . R R &N & R 455 (PPMS) Aflh 275 MK R Sl i 7 NMCS/AU/PMN-PT & & Hid F v
FEL AR R I T JC FRS VRS, BT X RESA R BIAE o T DL ESas, AR LTINSk

1) MPBEHIZE M-T T LAE H NMCS & 4 IR = ANFEAS . B8 A IR A 381 BY P42k A A
g BRARERHEAR ) 5 [IRAR GG REAH AR AR . L5 [RAR S5 REAAH B S IR R REAH AR AR . FF H, B IR I
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