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Improvement in the Properties of a Layered Thin Film Magneto-Impedance
Element by Annealing under a Magnetic Field

WSFFHER - FIEE - TEERHhE] - KEE— - T4 #
(k) EHEFPRERER. BEMERAFH (T480-1192)
H. Yamadera, T. Morikawa, Y. Nishibe, N. Ohta, and Y. Nonomura
Toyota Central Research & Development Laboratories, Inc., Nagakute-cho, Aichi, 480-1192
(1998410 HOH R HE, 199941 A 21 HRER)

The temperature properties of layered thin film magneto-
impedance (MI) elements composed of FeCoSiB/Cu/FeCoSiB
were investigated for use in a magnetic sensor that remains stable
under temperature change. The properties of the layered thin
film MI elements as deposited were changed by increasing the
temperature or by establishing a temperature cycle of 25 C-100
C. When these MI clements were annealed under a magnetic
field at the most suitable temperature, which was 150 C lower
than the curie tempaerature of the magnetic film, the change in
the MI properties due to the temperature increase or the
temperature cycle was decreased. In particular, the change in
inductance due to the temperature increase was small when the
Fe4Co74SisB14 zero magnetostriction magnetic film was used in
the layered thin film MI element .

Key words : magneto-impedance effect (MI effect), magnetic
field, soft magnetic, thin film, annealing, temperature property
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Fig. 1

Layered thin film Magneto-Impedance element.

Table 1 Annealing conditions under a magnetic field.

Magnetic film

ConSinzBis FesCo74SisB1s

Temperature | 217C, 2637, 282°C, 317°C|230°C, 280°C, 330°C, 380°C

Magnetic field 1kOe 2kOe
Atmosphere He Ar
Time 30 min 30 min
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a temperature change from 25 C to 100°C.

Inductance change(%) | Resistance change(%)
Device Peak Zero Peak Zero
Hpeak . Hpeak .
value point | value point
CoSiB/Cu/CoSiB -26 -17 0 -18 -10 +21
FeCoSiB/Cu/FeCosiB| -11 | -10 | 0 | 21 | 10 | +20
Table 3. Changes in MI properties caused by

a temperature cycle between 25 ‘C and 100 C.
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Fig. 3 Dependence of MI

properties on the temperature of  properties on the temperature cycle

FeCoSiB/Cu/FeCoSiB elements.
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of FeCoSiB/Cu/FeCoSiB elements.

Inductance change(%) | Resistance change(%)
Device
Peak value | Hpeak | Peak value| Hpeak
CoSiB/Cu/CoSiB -10 -12 -10 -17
FeCoSiB/Cu/FeCoSiB -8 -9 22 -10
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Effect of annealing on FeCoSiB/Cu/FeCoSiB elements.
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of an FeCoSiB/Cu/FeCoSiB
element before annealing.

of an FeCoSiB/Cu/FeCoSiB
element after annealing at 280 C.
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Table 4 Changes in the MI properties of an FeCoSiB/Cu/FeCoSiB clement
caused by a temperature change from 25 C to 100°C.

Inductance : L (%) Resistance : R (%) Impedance : Z (%)
P Peak magnetic
Zero |Full-scale s Zero | Full-scale e Zero | Full-scale o field : Hp (%)
point signal Sensitivity point signal Sensitivity point signal Sensitivity
After annealing 0 6 7 12 -9 -14 13 -2 78 -7
Before annealing 25 10 =27 15 11 -96 14 -4 -52 -13

Table 5 Changes in the MI properties of an FeCoSiB/Cu/FeCoSiB element
caused by a temperature cycle between 25 C and 100°C.

Inductance : L (%)

Resistance : R (%)

Impedance : Z (%) .
Peak magnetic

Zero |Full-scale b Zero | Full-scale o Zero | Full-scale S field : Hp (%)
point signal Sensitivity point signal Sensitivity point signal Sensitivity
After annealing -8 1 -6 -3 3 34 -3 11 -49 -4
Before annealing | -25 -3 -55 1 77 T -1 -11 -87 : -6
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T Sign of sensitivity reversed.
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