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The model for the magneto-impedance of composite wires composed of highly conductive nonmagnetic metal core and soft
magnetic shell was derived based on the Maxwell’s equations. The Cu(100 um diameter)/NigyFe,o(15 um thickness) core/shell
composite wire was fabricated by electrodeposition. The impedance spectra for the Cu/NigFey, core/shell composite wire were
measured in the frequency range of 10 kHz~10 MHz under longitudinal dc magnetic field in 0 Oe~200 Oe. The spectra of complex
permeability in circumferential direction were extracted from the impedance spectra by using the derived model. The extracted spectra
of complex permeability showed relaxation-type dispersion which is well curve-fitted with Debye equation with single relaxation
frequency. By analyzing the magnetic field dependence of the complex permeability spectra, it has been verified that the composite
wire has magnetic anisotropy in longitudinal direction and the origin of the single relaxation process is the magnetization rotation in
circumferential direction.

Keywords : magneto-impedance, core/shell composite wire, complex permeability spectrum, magnetic relaxation

M7|=2 = CulNigFe, TO0{/ 28t 20|0{0f|M Xp7|QIEHA 2 Xp7|2ks}

M =M - S
oFstist S8}, AR oFsAl AEE 1375, 760-749

R

(20149 129 18Y W2, 2015 2€ 9Y HFTFAFE vk, 20159 2€¥ 169 AAEA)

F WAEES 7R HIAM 55 Foj9) A e 7 Bfsloloj] AT|YHRAE 95 FAEE Hdske
2s W WA 0 ZHE FE3IATE Cu®A 100 pm)/NigFex(F7 15 um) 2014 B3} oojols Hr|eaoz Az}

B3k, Tol4l B sjolofe] oEEOR 10kHAIA 10 MHz 98] F3158 71 mAaFe 004 200 0e W9)2)
A7 A7VE Al Yuleles 2Ry Aol e Z4sth el Ba Agse] 248 QU sMEGe
2R 9P B FAE 2MEDS Wohglch Bold AFUF Ba FAR SHEUS T 95T Debye 20
2 vj$ 2 FNAYEE 5 BOL Holt. 959 B FAL seeRe) A7l oy BAsle, & 3ol =23
sfoloje] 7§ o] el A7|oIS A TGO ) ABI0] A5 B FAE SHEe] Jlelshe B 4
Bolehs 21e P

FH0f : A7, F0]A1 Bgslolo], Bk FAE A, A7) 98}

>

L M = A7Vl WA Weke avs wef

, AT A7

o 8750 dls) Be AT} olFolAm gl ol

A7193]E2~ (magneto-impedance) M1 3= A
g o A5E skl wFHFE 7RIS o WY
7] WFHLRReT ARl vE AelEe et o

© The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-54-820-5445,
Fax: +82-54-823-1628, e-mail: dykim@anu.ac.kr

olth1-4]. MI &= Z7olle F2 Co FAIEC] vAHA 9}
olo] T gJEoA A7t o]FoiRon, HEe] Cudt &
2 F2 AR HIAY 35 Zole}b NiFesh 22 Azt
A dg FAE Eilololo] i tEsutut e Ml Aol
gt ArAEe] BEEEI QITHS5-9). o)9F 22 FojAl &
M Ml S3= Fo15 Bl dolvke 171 A

~10-



LATFE=1> Journal of the Korean Magnetics Society Vol. 25, No. 1, February 2015

< Bl o= A= o] e £3}H7] Wi
o F Aol BeHHeR EAshe HIgE ofolo] B 2l
oxje} o] FFzlo|(skin depthys ILH3HA] edok= =M
el 27w ARvE RS 7HA St

B Aels Cu olofoll NigFeyE H71=adte] o)/
4 Fxo] Bejelolo] AHS AAsiaL o] Al tisf <]
©o] Ao} s e 2P oS S48t
At SA4E s AEGo e AFge] BT
A A EYS Wohfjal o] AAEYS A7|9st dFeR
alasle] H7I=F o= ARG Cu/ NigFey 0141 2200
Al MI 7] S ¥8|aat skt

IL =2 el

Fig. 1(a)ellA] BT 217} 22 Cu/NiFe 304 E}e}
oloje] Fx&} HAJAE AT o] efolojo wFHAF
i=i,e*"E 715 wjo] JuUsE WAl WA EERE
T3I9T}. Fig. 1(bye CuNiFe 9}0]0]9] x-z @S HoFE
o} o714 Cu Foje] WHES 4, NiFe 2l9] 97y ZolE
Z¥z}+ po} jolgkar Ak Fig. 1(b)ellA 12 BA] © AR
o] LEF dojlx sl MRV 528 FAAEEE
U o] 1R HEol 25 HBR o tigh 7] AR
< W B Al o) Thy AlS TS

HN

il

XN oo

§E-d :—gsB-da )

oJ7|M Q82 3L AR o o8] SepEel WA sl o
3 Ap71ge] AjzhAskgolth Cu FolY] HV|IHEEe} |
o] NiFe Bt} wl$=7] ujiol] wH X%T A= Cu 3o

REREERE wém 7HE & 9lom ol A(1)e] ¢
% go) A7 AAR e TRt 2ol zau}
§>CE~dl=—v+iRcu )

(@)

Fig. 1. (Color online) (a) Schematic diagram and (b) cross section of Cu/NiFe core/shell composite wire under applied ac current.
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Fig. 2. (Color online) The structure of electrodeposited Cu/NiFe core/
shell composite wire measured by optical microscope (background
photo) and FE-SEM (inserted photos).
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Fig. 3. (Color online) Magnetic field dependencies (a) real and (b)
imaginary parts of impedance spectrum for the Cu(100 wm diameter)/
NigoFey(15 pm thickness) core/shell composite wire.
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Fig. 4. (Color online) Magnetic field dependencies (a) real and (b)
imaginary parts of circumferential complex permeability spectrum for
the Cu(100 pm diameter)/NiggFes(15 um  thickness) core/shell
composite wire. The lines in (a) are the curves obtained by numerical
nonlinear curve-fitting with Debye equation.
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Fig. 5. (Color online) Numerical nonlinear curve-fitting with Debye
equation for circumferential complex permeability spectra for the
core/shell composite wire at H, =0 Oe.
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Fig. 6. (Color online) Magnetic field dependencies of relaxation
parameters obtained by the numerical nonlinear curve-fitting for
circumferential complex permeability spectra of the core/shell
composite wire.
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