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High Sensitive Detection of Susceptibility Modulation by LC Resonator
Embedded with Ferromagnetic Multilayer
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Abstract: In the present study, high sensitive detection of the reversible susceptibility modulation in the
magnetic thin film was performed by an LC circuit resonant technique. A flat pick-up coil with the
inductance of 080 xH and a capacitance of 100 pF construct the LC resonant circuit. The reversible
susceptibility y of the magnetic thin film, embedded in the pick-up coil, was measured with a sinusoidal
exciting field (H). The out put signal was modulated by applying an orthogonal bias field (H,). A multilayer
sample of [NiFe(100 nm)/Cu(10 nm)]», exhibits the most sensitive modulation effect among the fabricated
samples. That is, the resonant frequency f; was decreased from 11.58 MHz (H, = 0 Oe) to 822 MHz (H, =7
Oe) at H. = 25 mOe, suggesting the marked increase of y. The value of H,, which minimizes f;, is
comparable to the anisotropy field. Thus, the observed drastic increase of y can be associated with the
compensation of the anisotropy with H,, as confirmed from the theoretical prediction. The practical out put
voltage change of 55%/0e was realized for the fabricated resonator.

Keywords: Magnetic thin film, Induced magnetic anisotropy, Susceptibility, Magneto-inductance, Magnetic
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Fig. 1 Susceptibility modulation with

bias magnetic field.
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Fig. 2 Dependence of differential susceptibility (x)on
bias magnetic field (H:) : theoretical prediction
from single domain model,
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Fig. 83 Schematic figures of experimental system
for measurement of susceptibility modu-
lation in magnetic film.
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Fig. 4 Bias field dependence of resonant
properties in a LC resonator with
magnetic thin film.
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Fig. 8 Normalized resonance frequency
change (AFf/f) vs. bias (H,).
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Fig. 6 Magnetization curves of NiFe thin film {¢=
100 nm) measured along easy and hard axis
of magnetic anisotropy.
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Fig. 7 Bias field dependence of resonance properties
measured for various LC resonator with
different coil winding number N.

T, WEEEEORINI LD I 4 VAERIOT DS
SEGERMASELZ LA ZONA. Fig. 81, 10~
300 nm D % DIEE (t) DNiFe B % 2577 L 72 LC #LIREF
KOWCTAF/HOBRKREEZ B LAHERTHS. t=100
nm OBE T TIHERBRICLY, Af/HIIBRABEINER
#RLTWS, L2L%DS, 150 nm L EDBEETIEt ©
HHNZEEWAF/AARAT 5. 512 EE 250 nm BL LTt
COEMAFEETH Y, BIEREFDRTIZHEL T
BTN hDH, COBRREYEHET S0, ¢t=10nm, 40
nm, 250 nm, 300 nm @ NiFe ERIZOWTHALEIAR % b
BE L7 (Fig. 9). Figs. 9(a), (b), Fig. 6 D #HIERHKR
26, ¢=100nm OEETIX, FAUTOBREIC LEE
EABOBR L AT ) Y AMERES N TEY, BAHERN
SDEONE R EBEPER SR TS EE2 5605, 40im
DToRECORFEFmGHO—EE LT, AT
MR ERGOFRBILFEEMLY, 2R IIBTEH
HEREFHOBRREEZ SN TV L HFRERFHERY
DDA+ bl EHIF5N 5. ¢ =100 nm TO
Af/f DBEERIERE, BEEMIMCLZBEDRE, BF
HOBRERSEOMBRERAICEVEBTE S —F,
Figs. 9(e), (d) (2R &N 5 L9 12, BE 250 nm Ll ETik
BH IR & R & ORALEMBIERIEML T3
ZEmS, BEEFASBROBEIREINS, Thb
L, EBEESTOAL/HOEE, EEESFTEOBERA
EHMICLBLDEELOND. BMEEEEFLORRE
LT, AR ECEFRERICGRE T 2 HES
BHEAETEY OREFERNE 2o EZ LN,

Fig. 4 \REND L )12, FEBAEREEE NI T R
RETO LCHIEREEICRETA I LIZLY, Buhin
A7 ABROELEEEELL LTEREICRETZZ L
HHHED. AT AR EREER L LR R
(EEE) SHKROLIICEHRTES.

S(%/0¢) =—IAV3“’-! /A, )
ref

1 l
0 100

¢ (nm)

1

]
200 300

Fig. 8 Dependence of resonance frequency
change on NiFe thickness ().
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Fig. 9 Magnetization curves measured for
NiFe films with various thicknesses.
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Fig. 11 Magnetization curves measured for
[NiFe(100 nm)/Cu(l0 nm)lx multilayer
films with various of N.
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