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Abstract: In this paper, the impedance and magnetoimpedance for LaggsBagssMnO; sol-gel material annealed at
1200°C for 10 h have been investigated at room temperature. This material shows the large giant magnetoimpedance
(GMI) effect with strong fervency dependence. The material exhibits the ac magnetoresistance AR/Ry = —25.1% at f =
20 MHz, ac magnetoreactance AX/Xo, = —22% at f = 100 kHz, and magnetoimpedance AZ/Zy = —17.4% at f = 9 MHz
under a weak magnetic field H = 500 Oe at room temperature. The impedance and magnetoimpedance effect can be
well described with electrodynamics and ferromagnetism principle. We also find that Lag gsBag3sMnO; sol-gel material
annealed at 1200°C for 10 h shows a monotonic magnetoimpedance in the frequency range f < 30 MHz, showing a
weak and negligible transverse magneto-anisotropy field in the sample. Such monotonic GMI behavior is beneficial to
the design of GMI magnetic sensor.
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Figure 1. The ac frequency dependence of ac resistance R, reac-
tance X and impedance Z for the LaggsBag3sMnO; sample
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Figure 2. The dc field dependence of ac magnetoresistance AR/R,
for the LagssBagsMnO; sample
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Figure 3. The dc field dependence of magnetoreactance AX/X, for
the Lag esBag3sMnOz sample
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Figure 4. The dc field dependence of magnetoimpedance AZ/Z, for
the LagesBagssMnOsz sample
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Figure 5. The frequency dependence of ac magnetoresistance
AR/R,, magnetoreactance AX/X, and magneto impedance AZ/Z, for
the LagsBag3sMnOs sample under H = 500 Oe
5. LagesBaossMnO; ##MAIZ TRt L PE . BT, WiPHpTRESRZR

BYREI X R (H = 500 Oe)s.

FEIR — BRI Y, A i A 3R I B 2
RSN SRS o O VR o i AR A iR s =i i e

10

ARACIIREME B b R A2 L FE TR NLAE I — AV
WRILAAER I AR, FAHESHERDT Z 1
Rk AR A

Z~R, [1+—(k2) _(kd) ] (5)

45

FEARI dis<d IOREUL T, (kd)* J00AT LA G AN T
FERX MO T, 5l AR AT R0 EHOE
po = = g5 BATAT LA E] L,

R~ Ry [1+d’wu/3p ] (6)
X % Ry [ d® oo [3p ] (7)

FEARST , Eq.(6) 455 A IS —Tha K15 —
Tlo AERXAEOLT, ACUHHF R IR/ SR T B H
PH Roce M5 BLANY, EQ.(7)FIFBCA Roc Wi, 15N
TR RN /INT Lo PRIHEAZ IR FATE X RN IzE szt /)
T Roco XSIANEN 1 GBI SLIREIR L B4 —
B, W1 Eq.6)FIRIL EMRST, FEAIIZZHTHEM R
RS T B HLFH Roc, DRI i ) S F P B
SNG4 28t T B Roc BEAMINE I 92 H 3
MHRE. B EqQ.(7)ATH, BT, FEa IR+
FFIE MM Roc T, AIMAEARAT , i (R SCIE HE
PO IR Z F B CMR R IFANA, T e AR
V3 R IR o R T AR % RN SR f 4t
R o

FERPT, BEEBIRARZEEIE, F I
Fh BB N R IS+ WA, T B U RN, A AR A 42
590 RERRRCN WY (T, SRR R ST X #
SBEEBRKIG NG K. AT dié > 1, M

#0)
L 12 ” ”n
~3 EL\/uowp\/\/uf (8

/!2

\/ﬂowp Jul +

FERL AR R A At X AR/ 2
Eq.(8) & Eq.(9)HH HUBE [P 1 T F B 7 HRE « FESMINTESS
MIPERITT, FER AR RS R AL, BEE SNt
7110k BN 4 NPT P £ o]0 B N R R 2
FHNE IR Bt SN IR (RT3 T o) - RIS A8 B
HLBHL RN o TP AR R B S i KT Bt CMR

OPEN ACCESS



La-Ba-Mn-O i &4 H ST 5 ERE B ITRT 7T

TE ] 5 H AT AT LARLER SR i (1) 1 BH e 250
B AZIZy AR . BRI, B
WEBEPU AR AZIZo AT T S KGN i 2
HEEBIE f=9MHz &b, ERSIT, BRI
AR AZIZo IR/ SAS R FBE ARIRy P EBRIT
MAERA R, BERFAPTEE AZIZ, KNS 28 i
HLPL AXIXo BEONHE . X2, 1EMRAT, s
BH R BRI KT HLPT X, TMAEEH R, APt X
R/ T2 P R 7E 36 T 2 H = 500 Oe [f14+
s v, FEMSRAS IR BRI AR B
ELRE BH AT RNAE 40 ) 2« ARIRy = —25.1% (f = 20 MHz),
AXIXg = —22% (f = 100 kHz) LA & AZ/Zy=—17.4% (f=9
MH2z),

MIE 2~4, FRATATEAUR I 1200°CIR K 10 /N5
3311 Lag esBaossMnOg BUIR B B A4 KEHET ARIRg, AX/Xg
T AZIZ, WG SR R, X 508 1 4B 9K R
Ak fh T LA 1 GMI A, T JEE, —M GMI B8
WEIA S ATFAE —NUGAE, R 5 ARE r R v Bl 75
1) S P37k SR, T B AT AL Lao 6sBap3sMnOs Ak
PREEARL GMI AR 19 2 1 BRI A4 K AT ) % )
SR

4k, SRR EEE T B ) GMI —
£ 100 Oe PAE, GMI 2Tt jisd Stk a
W % AR GMI 7E 500 Oe A 1A, BEWIEG AL
VIR BRI GMI A% 1% T LASE 78 58 B Widm v
B, BARERAIE GMIE/NT & B ARG GMI X
A o

4. #5ig

AW F T 1200C Bk 10 /NEJE 15 E 1
LaggsBag3sMnO; HUIRFE &4 RHE Z 3R T 2 F R T
DA S EREBRBL(GMI LR o A8 f >1 MHz, =&
WEBHPT Z 06 B A A8 AR 3 I i s 3 oK,k
RANIF ORI EREFHHTRN Won T 3R F ARk
#ik R fEER N & H =500 Oe AN T, K
SRR KBRS BB ERGEYT. EREFPTRN
fH 557 ARIRy = —25.1% (f = 20 MHZ), AX/X, = —2%
(f =100 kHz) LA 2 AZ/Zy = —17.4% (f = 9 MHz). |
EER Ve 65 A R SR B, a e B AR BEL BT 5 R LT
DLG I ARG A BRER AR . 1200°CIR K 10 /N 515

OPEN ACCESS

B[ LagesBagssMnOs HLRBE AT KLY AR/Rg, AX/Xo
M AZIZo BERESA FR T, XA T AR RS 28R 1
it. H GMI 7£ 500 Oe st A 1A, Ui E ALY
BB GMI REAE 285 LL 48 GMI #3441 N H 13
JEETE, BN I GMI RBUE & .

Bt

A TARF 3 E K B AR = i _E1 H (50872074)
AR S BRI H 31103212 1L 4R K 22 3 B )
(IFES

SEWlk (References)

[1] Von Helmolt, R., Wecker, J., Holzapfel, B., Schultz, L. and
Samwer, K. (1993) Giant negative magnetoresistance in perovs-
kitelike Lay;3Ba;sMnOy ferromagnetic films. Physical Review
Letters, 71, 2331-2333.

[2] Jin, S., Tiefel, T.H., McCormack, M., Fastnacht, R.A., Ramesh,
R. and Chen, L.H. (1994) Thousandfold change in resistivity in
magnetoresistive La-Ca-Mn-O films. Science, 264, 413-415.

[3] Tokura, Y. (2000) Colossal magnetoresistive oxides. Gordon and
Breach, New York.

[4]  Zener, C. (1951) Interaction between the d-shells in the transi-
tion metals. 1l. Ferromagnetic compounds of manganese with
perovskite structure. Physical Review, 82, 403-405.

[5]1 Millis, J., Littlewood, P.B. and Shraiman, B.l. (1995) Double
exchange alone does not explain the resistivity of La;xSrMnOs.
Physical Review Letters, 74, 5144-5147.

[6] Moreo, A, Yunoki, S. and Dagotto, E. (1994) Phase separation
scenario for manganese oxides and related materials. Science,
283, 2034-2040.

[71 Hwang, H.Y., Cheong, S.-W., Ong, N.P. and Batlogg, B. (1996)
Spin-polarized intergrain tunneling in Lay;SrysMnQ;. Physical
Review Letters, 77, 2041-2044.

[8] Li, X.W.,, Gupta, A., Xiao, G. and Gong, G.Q. (1997) Low-field
magnetoresistive properties of polycrystalline and epitaxial pe-
rovskite manganite films. Applied Physics Letters, 71, 1124-
1126.

[91 Hu, J. and Qin, H. (2000) Magnetoimpedance effect in Lagg;
Bap33MnO; under low dc magnetic fields. Solid State Commu-
nication, 116, 159-162.

[10] Hu, J. and Qin, H. (2001) Magnetoimpedance effect in Lag;
Sro3MnQ;. Journal of Magnetism and Magnetic Materials, 234,
419-422.

[11] Qin, H., Hu, J., Chen, J., Wang, Y. and Wang, Z. (2002) Giant
magnetoimpedance and colossal magnetoresistance in Lag 755ro .25
MnO; at room temperature. Journal of Applied Physics, 91,
10003-10006.

[12] Hu,J., Qin, H., Niu, H.D., Zhu, L., Chen, J., Xiao, W. and Pei, Y.
(2003) Magnetoimpedance effect in manganite Lay3BaisMnOs
at various temperatures. Journal of Magnetism and Magnetic
Materials, 261, 105-116.

[13] Chen, D.-X. and Mufioz, J.L. (1999) AC impedance and circular
permeability of slab and cylinder. IEEE Transactions on Mag-
netics, 35, 1906-1923.

[14] Landau, L.D., Lifshitz, E.M. and Pitaevskii, L.P. (1995) Elec-
trodynamics of continuous media. Butterworth-Heinemann,
London.

[15] Hu, J., Wang, Y., Zhang, Y., Hua, L., Qin, H. and Li, B. (2011)
Sample thickness dependence of giant magnetoimpedance under
low fields for Lag7Sro33MngesC000,03 mManganites. Journal of

11



La-Ba-Mn-O i &4 H ST 5 ERE B ITRT 7T

Alloys and Compounds, 509, 1360-1363.

[16] Hu, J., Qin, H., Li, B., Wang, Y. and Zhang, Y. (2011) Correla-

12

tion between magnetoimpedance and permeability in LaysBays
MnO;. Journal of Magnetism and Magnetic Materials, 323,

[17]

1185-1190.

Phan, M.H. and Peng, H.X. (2008) Giant magnetoimpedance
materials: Fundamentals and applications. Progress in Materials
Science, 53, 323-420.

OPEN ACCESS



