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Abstract

Bulk Lag.6Cao.«Mn0O3; (named as LCMO) and LCMO/Pb (Zr.52Tio.4g)03 (PZT) thin film were prepared
by sol-gel method and spin coating technology. The crystal structure, magnetic properties and
magnetoelectric effect were measured. The experimental results indicate that, due to the change
of crystal lattice interaction and the different coupling states between magnetic atoms, the Curie
temperatures (Tc) of the two samples are very different. Furthermore, the effective modulation
effects of the electric field on Tc, as well as the magnetization of LCMO/PZT composite, were ob-
tained by an electric field applied to the ferroelectrics. The investigation shows that, besides
magnetic field, the static electric field can also be used to modulate the magnetic properties, which
increases the degree of freedom of the manipulation in functional materials, and therefore may
realize the multifunctional properties of materials.
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1. 518

EER,  “BRRUER” BEWBAME R THEE . HamEes itk & AL B LG B AS
JITHFELERL A, 433 7 AR 2 K [1]-[6]. TEIX KRR E & 2R, 65 BREA R Rk bt
BHERFE, 1 BT & R AR AL S AR A 2 T RS A VB, 3B mT R A3 e, BV FE AR 5 AU
il FEL AR RT LA Sy T RO (R 5 1 6 1 R M A 30 ) R e b 2658 (B R 5 R R RV 2R 3]0 ML
AL L8, BB — oG BB 40 R BRI A & B TEXSMPRE AT SRAF R I R 58
R AT BESRAF R (L 808 o IR Ab, 5 — R R R R 2 4 8 (5 k™ 25 /B S Ak 0l La-Ca(Sr,Ba)-Mn-O;
R, REAEEEAD Fe0,%5), HAEEMML. BRrtE, W55 B e A B 27 i B R
PR P SOSE B R RO LA R BB R B OB 5 [7]-[10]. PRIk, i Se A Fm il ra ek Bk A4
BHENSRAE, 50 PR IE Bk ” B SR, F3p TR R ), e R M A O
WS YER VR, KT E 2R AR I R AT SO R E R . PR 2 U R T AT AT
B S PR AT X [9] [10]. F&T-LAEArHT, ARSCIFRE T “LageCagsMNnO4/Pb(Zro 5, Tio4s)O3” ¥
FEL 5T A i PR R P 3% o A O 1 B R S R P 1 R

2. KW
2.1 HmEE
K IR B ) & 13 1] Lag6Cap4MnO; ({615 LCMO)RTIRIE . FF LA Pb(ZrossTioas)Os (15N

PZT)Z &l Fr At ic, FIA VTC-100 B e b iR RN 2 IR JE il %75 2] LCMO/PZT JZ IR T 7 5
FELE 900°C F X R EAT IR K AL BE 60 73 F, RIA3E] LCMO/PZT & &1k HL T A .

2.2. SRR EREMIR

K MiniFlex-11 X SR ATEHX(Cu #E, Ky 2k, A = 0.15406 nm)IHEATEERI 04T FI FHIRSIRE SRt
(VSM-Versalab) S i L AUN 25 AR 2 G0 30RE il IR RG . FELRR I o
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3. BRE5VE

K 1 45 H & LCMO/PZT ZARHENE K LCMO Huih A1 kHE XRD Blo i bt B FR i 2k i 26 vl LUE 3, %

T LCMO/PZT 5, B 741K PZT HIATHHE(LA* S hRVE) M LCMO AT, A B R, &
W) %75 21 7 2k LCMO FEBRAE S o FRATTAT LUFIFH 5% (Scherre) 2 3

D =0.891/B(cos ) 1)

Forr 0 RATHAH, 2 RS X FHZR(Cu 1) Ko JT2R) B 4(0.1541 nm), B RATHIER) &% . tHEH
LCMO/PZT J# itk LCMO K Sk B ki4%2 214 26.4 nm, 1 LCMO Hefkth LCMO #I-F #4541 )9 29.3 nm.

NTHEFL LCMO ARHEAS [R1 4 B (B K B 45 1) R IRiRetE, AT T LCMO Bfids k) &
LCMO/PZT ittt 2k . 14 2 5 TS B . WK 2(2) 7T LLEF, £ M iR FMKIE S+, LCMO
BRI REA = A B R 8 Ak, M il B RG4S B BIIR T Bk . LR BLR B v LUE 78 M-T
Mol MR EESR S5 3. BTS20 LCMO Suik s BLR B A 2741 Ko 735k, MEIHGERLLE 2], [
TR R E B FEL TR M-T iR e iR XS E B, RFFRAE - EMRmILR. X5
MR B (1) E A G5 A7 . AR BRIASEA SR . A 2(0) R IRATER], KT LCMO s, F2kmb/nws
WAL, AL R X LR 5 . AR IR X R /ING 2 G FE S I BB Tt Ao RST R 2
oL (B IR A OB A 0% . FEHARMT R, FHATI SR (B R & LU, MBS I —5, 33k
WA AR AR . @R, 433) LCMO SRR A WLz 264 T 1 & Ry 255.7 Ko EbHu AR R JE
HIRFER74.1 KK T 18.4 Ko X 5 dfokr S g it J5 1 (B RS A B A OC, [ —APRMAR &R, JUAR i 25 1)
ek HE A I AR, R ) R T A A B T A AR 2 T A% AL 5 T AR
AR, IR R PR, SEORA SRR, NI A e R R R AR AR A . FRATTRT DA I i Y
Fob JEC 1 A A, DN S ) B AR AN DAIE S . Sy, FRATTRI R A R R AR F RN,
X PZT B A RN e, A= AR AR, b MR AE RS B R REAs P . 14 2(b) B 45 H 7 LCMO/
PZT S G REBEAEITE 10 kViem H37 T HI M-T #iZk. MWEFRTLLRIL, LCMO/PZT &4 Wi A BIE
HIZER T M-T fiZef R r2e . @i ihEA R, 7200 10 kv/iem H7 RS0 T SRR & 00 JE B
[l 258.5 K, LY NS E B (255.7 K)& T 2.8 Ko RUJHEIEME PZT 15k BN %)
LCMO AL A R /R A ™= AR T A%, g 1T eSO AOM 5~ [ (R AR ELAE FH DA R B R AR
SRS e B EE AR [9] [10]. kAN, HIA(EASAE S IR R A fa R EE DL R A T I R AR, R
HAE S LR RS IR X, A Sl 35 3R 0t B S R R RV P R AR RIS R RN

N BE— BT R REPE T H], FRATTIIER T 200 KR HERRRE S AE SN I R T ARG T (B 2%
Pl 3(a)gh AR R RS R e FRATE R, HIgfE TS LCMO 1Ak 5 B 72 5N A Nt 1,3 R N 35 77 AR
B AR AL, SR B0 1 B PR R MR . 1 3(b) 4t T AR 10 kViem I, ANFEI#ESS T HIREAL
FRE R (GE SCNIME) — M(0))M(0)], Hirh M(E)AIT M(0) 43 1) v i .32 A1 2 e 3% 1 B R R Ak 550 5 K
No MEIFTTLAE H, FERE S ARG X (S ANEI X)), H A7 A A5 A 5 3 (8 1 o v R A 5 i
Ms) A FEIR BI-120% 7 47 TAEARSMEESAIX, BRATER], BEH SN BN, WA 58 B AR A0 2 g oK
YA N, B SR (FF M T R AL SR M)A ZIE B -22% /5 47, R WI/E LCMO/PZT i
HMR, BIMERE SMEAER, M3 e] OSEELX LCMO REMERIA S|, B R KIS R . A
B, PZT je—FEmMRl, BAWEBBN, ERIERT, MHREEHRIK LCMO #E ™4 B 11E
H, BT EE b i FUIRES, [RI 51 2 fhad 5 B N AR Ak, 1T SR REVE IR 1 2 I AR S A BAE H,
T 538 e W REA R P o XA LA B, 8 A3 1 FH TR W DA S B3 e v 37 568 A5 ot £ 18 o 4
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Figure 1. The XRD patterns of the bulk LCMO and LCMO/PZT thin film
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Figure 2. M-T curves with different conditions for bulk LCMO (a) and LCMO/PZT thin film
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Figure 3. (a) Hysteresis loops of the LCMO /PZT thin film with different electric fields. (b) The magnetic field dependence
of [M(E) — M(0)]/M(0) in 200 K
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Figure 4. The magnetization as a function of electric field for the LCMO/PZT thin film
[5 4. LCMO/PZT R Fh AL 58 FE RESM MR IR AL X ZR

K4 G 200 KGREETR, FE AR VAT RE AL 52 BE AN Fe 7 I3 A SR 2R o B v A T o DA S 36 0 45
R, RELZE B A B SRR AR A SR LR AN B A B . NIRRT RAE B, B M
R, WACTREEZ WA, HENTZ MR RAARLYEN . Em X, XA T,
X5 PZT B A e i v i [ 2Rk e SLARR A T H RN A SR [9] [11] [12], HHspBU/INGS, PZT H iy it
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YA, AT A 5 2 PR AR AL AR T A
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PERFE, $eilie B AR R Z, B T YRS H) LCMO A EHG AN [ [ & k% 25 /4 B 355 40
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AR, X PP S RON TR LR DL RN R AMEg s PRI R . SEE N, RN R,
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