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Development System for MI Micro Magnetic Sensors

EFUEERE  2EERRTERIRRER LYK
K. Mohri, Department of Electrical Eng., Nagoya University

Principles and mathematical expression of the mag-
neto-impedance (MI) effect in amorphous wires and
thin films and the construction of MI micro magnetic
sensors using CMOS IC chips are summarized. The
CMOS IC MI sensor with 1-2mm long amorphous
wires show a resolution of several microgauss with
+1.5 Oe full scale (FS), a response speed of up to sever-
al MHz, a power consumption of about 10 mW, and a
zero drift of less than 0.02%/FS °C at temperature
between RT and 80°C when a pulse-synchronous cir-
cuit with analog switches is used.

MI sensors are already in practical use as envi-
ronmental electro-magnetic wave detectors, electro-
magnetic wave analyzers with a FFT function, and car
speed sensors for car navigation systems in cars im-
ported into the Japan.

The paper also introduces MI sensor development
systems supported by the Japanese government
through the MI sensor consortium established by the
Japanese Science and Technology Corporation (JST)
and the Proposal-Based Promotion Program on Imme-
diate-Effect R&D established by the New Energy
Development Organization (NEDO).

Key words: magneto-impedance effect, skin effect,
amorphous wire, MI micro magnetic sensor, CMOS IC
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Fig. 1 MI characteristics in an amorphous wire
for f of 1 MHz.
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Fig. 2 MI characteristics in an amorphous wire
for f of 10 MHz (with or without dc bias).
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Fig. 3 Pulse magnetization MI characteristics in
an amorphous wire.
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Fig. 5 Asymmetrical MI characteristics in a
torsion annealed amorphous wire.
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Fig. 6 Asymmetrical MI characteristics in an
amorphous wire through which a pulse current is
applied with a wire coil.

> Euyp-p(mV)

%

=
'rTITl{'[II]‘{YI'I|V‘I[|Y

FeCoSiB 30 pm. dia.

40; {=1.5mm, 20 turn/m
20k f=1MHz
L 1/1=7.5mA
1] o T S T S B S | F U GOSN Y NS S NN B N N T |
—6 —4 -2 0 2 4 6

—> He:(Oe)

Fig. 4 Asymmetrical MI characteristics in a
twisted amorphous wire.
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Fig. 7 Bistable MI characteristics in high ten-
sion annealed amorphous wires.
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Fig. 8 Asymmetrical MI characteristics in a thin
film with cross anisotropy.
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Fig. 11 A MI micro magnetic sensor using a
CMOS IC multivibrator, analog switches and 2-
mm long amorphous wires.
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Fig. 12 A MI micro magnetic sensor using a
CMOS IC multivibrator, analog switches for coil
induced pulses and 2-mm long amorphous wires.
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Fig. 13 Characteristics for field detection in (a),
the output voltage vs. signal frequency in (b), and
temperature stability in (¢) for the MI sensor
illustrated in Fig. 12.
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Fig. 14 Stress-impedance sensor using amor-
phous magnetostrictive wires combined with a
CMOS IC multivibrator.
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Fig. 15 Detection of finger-tip blood vessel
pulsation using the SI sensor illustrated in Fig.
14.
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