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Detection of small mechanical vibrations by induction-type strain sensor
using amorphous FeSiBNb thin film
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We attempted to detect small mechanical vibrations by utilizing the electromagnetic induction and inverse
magnetostriction effect of an amorphous FeSiBNb thin film. The vibration sensor consisted of a 300-nm-thick
amorphous FeSiBNb thin film, a 100-turn pick-up coil, a Helmholtz coil for applying an AC magnetic field, and a circuit
for converting the pulse voltage induced in the pick-up coil to DC voltage. The gauge factor of this sensor for
compressive strain was approximately 25,000. The output voltage changed in response to changes in acceleration due
to vibration. We found that when the maximum value of the applied AC magnetic field was 1.23 kA/m, it was possible
to detect vibrations with a frequency of 0.17 Hz and an acceleration of 0.03 G.
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HEOHBEICEDOTAHEEWEATE D LIUET D E, BHUARL
DEEINOT I 0 TOHHBE T 5.

Fig. 11 [ThHE L7235/ 0OBHZE kO fFlds L OVEEFHA <7 K
WV, FNESHTRER R ORNEE 12.3 kA/m, JEEEIE 60 Hz
ThHD. @IEIBEDIDDNy 7 7T R (BRI
T AHMOIr L UCHEBR LIS RS 0.17Hz) T
H 5. @1%2.25 Hz THHE LTG5 OHEEORZ L TH Y,
IBFEEORAETR 04 G Th D, KAITCRUIGHZERTS

I
ot

= (a) 1.23 kA/m
&
%1.0
=
'—O‘ 15
- R TV,
20'5 :oa “ N
= 3 60 Hz
© B L o

0.0 2

0 6
Time [s]

1.5 T T
= (b) 0.17 kA/m
@
1.0
c
>
R e
£
o

0.0

0 2 . 4 6
Time [s]

Fig. 9 Output voltage waveforms without vibration.
Amplitude and frequency of applied magnetic field are (a)
12.3 kA/m, 60 Hz and (b) 0.17 kA/m, 60 Hz.

Ju
ot

-

® with weight
® without weight

Maggl.(;r)tic Field [1kA/m]
Fig. 10 Applied magnetic field dependence of output voltage
with and without weight. Vibration is not applied.
Frequency of applied magnetic field is 60 Hz.

Output VoltagdV]
(=)
° '
o

o
o

0 1.5

L, HTERIFHN LIV O TREE ([1.0%x 105 D17
AEREOT BEEDOHIIEL) 2358 1.8V ETHINL B Z &
WD, T, AN L DGO AR A TH
%. Fig.10 OFH 0 72 LOFEFITOT A 0 A0 EFIC
KPS LTIY, HIASESR OB 12.3kA/m D55, £1.5
V LLEOH A TCODIEAITIIERER S RO T HBSEA ST
WBZ EIZiD. ARloIFEacit, 1.5 Hz ULECREEIHEL 7=
T, HWVEEN 15 VIGETH 2 EAH Y, 1.5 Hz LLEDAN
TECHREHIB RO T AR EAIND LB 2 DD, HATEEI TR
Kam Uizt e L, £ 1.1V o 7 AEEZTHS
(1.1 ~ 0.8V OfEl) . ZIUXEDNEEEIZL Y, o 7 AT
OTBE D REREHEOT HDEINS NS D Th 5. KAITTOR
L7-DISROE BT 1.8 VITEL TWL s, Fig. 8 @R LT
Y, AONFEEDRREN—E TN EDNFERTHS. O
QDRI ANY MV ThD. JERKBFRAORL TN, Jik
E7, 2.2Hz 8L 004.2 Hz A2 E— 2 BHERS LTS
ZEWNDIND. Ziud, Fig 8 )DL L 7= aTH Y,
EFHEROT e IR CEX 5 2 AR L T5.
7720, 10 Hz L. EOREEREN CIE, B2 NI TE
TRV ZOFERTIL, B 0 AT RFHRRIROT 7 25K

Transaction of the Magnetics Society of Japan (Special Issues) Vol.9, No.1, 2025 19



2.0 2.0
(a) 2.25 Hz -
> = () 0.17 Hz
%1_5 %1_5 Vibrationperiod
= Voltage 3 ) N
; change :g
21.0 51.0
ey o Bl AR & L oy
5 3
© 4= Vibrationperiod
0.5 * * 0.5
0 . 4 6 0 10 20
Time [s] Time [s]
(b) 2.25Hz (d) 0.17Hz
E R E
) =
E 3
E '\‘,\A_\’\AJ"/\&AtA ;
= [,z 1 =S ke
3 T Pl B
o 0 2 4 6 8 10 2 0 02 04 06 08 1-
’g Frequency [Hz] 2 Frequency [Hz]
0 10 20 30 40 50 0 5 10
Frequency [Hz] Frequency [Hzl
1.5 T
= () 0.17 Hz
g0 |
] J
> ]
g b, o 1
05 Bmphet =
"5 B
O 3
0.0
0 Timg [s] 20

Fig. 11 Output DC voltage waveforms and FFT spectrum with vibration. Amplitude and frequency of applied magnetic field is
12.3 kA/m and 60 Hz. Vibration frequencies are (a) (b) 2.25 Hz and (c) (d) 0.17 Hz. (¢) shows an experimental result using only glass

substrate for comparison.

ZIWET 5 Z LT, FeSiBNb I OTHEHINL TOE720,
FEFLROIIRE IO, ECOMRTIE, HT 25 AE 3R
BIELENTERNESZOND. F, 22Hz OB—7 &
Y, 42 Hz OE—788EDSDHRNT &b, ASRIOEEDOIHRE
JHEOT 4 Hz BE TR I EHER L 0D, OIIHRRL
0.17Hz OFERTH Y, MEHEDRKET0.03G THD. £1.0V
Z N FEEOZENVEI ST D, Fig. 8 L IXHey, IS
DNZESERER DY D 70 (IFQDFEEELALT MLV THHD
BELZ 1Hz U LTI MRS v 727210, 1Hz
PUTFORER T, $35% 0.17 Hz 3L000.33 Hz [ZH]HvR E°
—I DMBSITE Y, Fz, FERI B OHREh A R T
TETWAHZENDNS.

Fig. 11 O# LI TE O peak-to-peak FEJE D MR & ik
TEPE% Fig. 12 1273, FUINAHAE R O fi KL 1.28 kA/m
BLV 017kA/m, A#%ix 60 Hz TH 5. 1.23 kA/m O
Lai3H/ 0.17 Hz, 0.03 G M TE TWa EE bR
%, HUNRER O RN 1.23kA/m OEA 21, BIHETE
1% 2Hz FRPE & CILE ISR ONEEE) o#gn e & HIZHFHIC

20

BEINU. ZAuEsE OmERE) oz s by, A
DOIMFELE DFRMENKE 720, JEEO EMEI TIFEFI D
KLz THDH. £-anho@Y, IEMEE? R 72
5 e, REHISIEOTHNEA SIS B0, Fig. 5 1D
DrDd LI, BIBROT A TIE, 2X 1052 £ Tkl
NEEITEINT 50, EHICKEROTHAEMENTS
HBEIIRE S RS0 =®, 2.5Hz LI EONHER K
FEIE T, HAEERITIZIE-EICRDb 0L FHEEN
%. 12720, Fig. 11 QAT VNG yn5ilo,

1.25 . . .

= ]
== 1 b 1.23 kA/m HE -
E‘éﬂ 8,17 kA/m
%,0.75 3 ]
e 05 u 1
<
= ' H B [ |
=0.25 | [ ]
> [ |

o Hll—

0 0.5 1 1.5 2
Frequency [Hz]

Fig. 12 Dependence of output voltage change on
vibration frequency.

2.5

Transaction of the Magnetics Society of Japan (Special Issues) Vol.9, No.1, 2025



EEEORE 2RI T 5 Z LT TE ARV, 0.17TkA/m TliEE
IHRRFIZIZA 7 > REEOR 0.5 V OFEE Lo
W3, 0.3Hz OIE#HFE 0.04 G) LA EOIERZIZ IR O E
M B AR SV I EEA AR TE 72, 1 Hz (g
£ 0.1G) PLETiE, MUEEZAAK 0.25 VERET—E
LD H D, ZiuL, FVIEER 1.28kA/m ORE LRI
<, IR S R LY, FUERZE BROT ZSEA S DS,
3SR Ak CIXOT oM LT, HAEEARE < 72
BN ENFIRTHD EBZTND.

5. £&£¥H

W AFIH L CTEL T 7 A FeSiBNb (#EIEDR:
LR Z R 5 2 & C, BUMEBIORMmEZ R AT, Bk
SR % HE T 5 72 O DINB AR O RKAEAY 1.23 kKA/m
DA, S 0.17THz, HRINEE 0.03 G F2E O/ MR
BAMIHTIRE TH B Z E Wb 7o, £/, EE /L,
B A SIS, SN A 2 b &=L 2 A, 0.17
kA/m QARG MDA TH, 0.3 Hz, HAIHE 0.04
G ORI TET. A, BERO 77 AF v 7 ik &
P —RE—X &AW AEONRLE®E %2 VT EBR & S5

L7=2y, BB TOMENMTZ otz 5%, &B
AR LI IREE A2 /ER L, S OISR SRR Z R
it L7=uo.

BEE AU T RRFAMRMEL - 2T LBIERTICES
D IEFEFI - SEREAFTEE L THES .

References

1) O. S. Sonbul, and M. Rashid: Sensors, 23, 8468 (2023).

2) M. Tiboni, C. Remino, R. Bussola, and C. Amici: Appl. Sci., 12,
972 (2022).

3) S. Zhao, C. Zhang, X. Dai, and Z. Yan: Buildings, 23, 13 (2023).

4) T. Matsushita, T. Nishizawa, J. Tobita, and N. Fukuwa: A%/ J.
Technol. Des., 20, 879 (2014).

5) D. Sora, S. Hashi, and K. Ishiyama: Trans. Magn. Soc. Jpn.,
4, 41 (2020).

6) Y. Kubo, S. Hashi, H. Yokoi, K. Arai, and K. Ishiyama: IEEJ
Trans. SM, 188, 153 (2018).

7) S. Hashi, D. Sora, and K. Ishiyama: IEEE Magn. Lett., 10,
8110604 (2019).

8) Y. Fujiwara, Y. Takeuchi, S. Nozue, T. Uwabe, and M. Jimbo:
J. Magn. Magn. Mater., 540, 168410 (2021).

9) K. Maeno, Y. Fujiwara, M. Jimbo, D. Oshima, and T. Kato: ¢/.
Magn. Magn. Mater., 611, 172604 (2024).

20245F10 A21 A 3238, 20254F1 A25 RS2, 20254F3A21 HiRER

Transaction of the Magnetics Society of Japan (Special Issues) Vol.9, No.1, 2025 21





