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A thin-film MI element made using thin-film integration technol-
ogy is suitable to fabricate a very small, highly reliable MI sensor
head. We developed an integrated thin-film MI sensor head con-
structed with a combination of a thin-film NiFe MI element and
thin-film bias and negative feedback coils using micro-plating tech-
nology, in order to solve the problems of an amorphous wire MI
head. We also fabricated a differential sensor module usinga CMOS
multivibrator and a pair of the thin-film MI sensor heads.

The differential sensor module using a pair of the thin-film MI
heads showed a sensitivity of 25 mV/A/m (2.0V/Oe) with an am-
plifier having an amplification factor of 10 and good linearity with-
out hysteresis. The sensor module has a thermal drift of less than
0.008%/FS°C at 0 A/m and 0.028%/FS°C at 80 A/m, at tempera-
tures from -25°C to 75°C, and also has good stability in field
detection characteristics.

Key words: MlI, integrated thin-film MI sensor head, thin-film
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Table 1 Sensor dimensions.
2.75 mm X 1.20 mm X 0.50 mm

Sensor chip size:

NiFe MI element: 2500 umX20 4m X33 um
NiFe composition:  81.0 wt% Ni -19.0 wt% Fe
Magnetostriction:  -0.7 X 10

Bias coil: 52 turns, 7Q (dc)

Feedback coil: 52 turns, 7 Q (dc)
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Fig. 2 Domain structure of thin-film MI sensor head.
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Fig. 3 MI characteristcs of sensor head magnetized with pulse
current at -25°C, 25°C, and 75°C.

Fig. 1 Top view of differential thin-film MI sensor head chip.

764

HAGHH 2 Vol. 24, No. 4-2, 2000

NI | -El ectronic Library Service



The Magnetics Society of Japan

OHREBNATHLZLPORAMBRIkIINE 2D,
—F4, BENFTRZ LB 2RI HIIRES RO HKIZKE
{rdeEZBN 3,

F7-.25°CO & = OMIFHETI0.41%/A/n(33%/0e) DE
BMAREZTL, ABEAOELIINTIERTYSRD
FEBICNE Doz,

33 EHEBHEM > HOBFOR

Fig. 41z 2@ DCMOSIZ & b 7L X BhBE [ RE 2 4k U 7= £ 8
RN Y MEYETRT, BEARERE LTCMS 2H
WERCHRIRIC £ W Fig.5(a)ic T & 5 5MHz D S EH
EREXHE, MORKEEELTEE.D)ICRT LS RIRE
H40mA. KEBD 12ns DSV ABRICEHEIh, ZhZh
DMl PAw FIZEEZX N D,

WEMI L YAy RADNA 7 2R OB IEEE D
LIVERN, —FDE Y~y RIZIZIED/N A 7 2B Z.
S —FDE YAy RIZIZADNA 7 ABRAFEIMEh
LN APREREBET S, COLEOENZND
I4IICHT A 7 RAERIZ4.4mA TH D, £ 100A/m DN
17 ABRER/R TN D,

AEBERZZT I ECREBRICK DM ZFDA v
E—F U ZABET D, TDEH. M EZFOBEIIENT
o COELLENSNVREEIZ4EO a3y bF—1N) 7
A4 A—R(SBD) 27 v UiEE LEBROE CBREI M.,
Z0%, E—2K—)V RERTICEBEICERIND, &
ZAT. YUY DOERKY) 7 b (Hex=0iZ %19 % Eout DK
£H) OXEETHE L VOREREIAERRICLST
Y+ FCRES DI EIIHETH b FICSBDORE K E
BT+ THEEHHEHRRY 7 MNIBE»H80CETD
BEGHTINVAT—NVOBRREETEN, ZORD. 5
EOEEBRICHWEFig. 40REETIX 4@OSBDE 7)) v Uk
BTBILICEDSBD DRERMEETEI L E2HAAT,
Fig.6iX 20MHz, 20mAO-p DK & & DD SBDTRF L
FREL AMDSBDTT ) v UM EEBR LBHELEEED
BRETOBELZLLZ25 COBREE»S>DE
ABout CHobLELDTH D, 4D SBDE T w Uk
BLBRTHIZLICLD, BMOSBDTETET 2 & T~
ZOREECIXEE L VERAITH /6, EBMTHH1/2
KRBT E 2,

OXIZ, EFRETHILICLD, Fig 3R T LS5 @
BMIZFOBEMMIFEMERSTHEOTF v VSN,
o, ZHRATHINABEAC LI EFOS L E—F
VABLERET D, 5. 10fE07 2 TEANWTHEE
Lt HHiEout 2B T3,

7=, i Eout D—& % AMBRIEFIRE, BLY, ARE
MEBa L VICE ) BRBREAL LTI —FNXw LT
WD, COARBERICLDERBEIRI EZAFT YT ZH
wL, o, BREMBRIICIDABTEIRERMENTON
312, SEOEETIE 80A/n ORMBERT 2.0V O 1 H31%
SNBESICHAID B EARBI BTN,

HAGHESF23  Vol. 24, No. 4-2, 2000

MI head [

MI head J
>

Fig. 4 CMOS differential MI sensor circuit using a pair of the
thin- film MI sensor heads.
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(a) Pulse waveform of CMOS vibrator.
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(b) Current waveform of MI sensor heads.
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Fig. 5 Pulse wave form of CMOS multivibrator and MI sensor
heads.

120
90 | Single SBD
60 |
s 30 f
E o0
s 30 | W
s -60 Bri
g ridge-connected SBDs
90 |
-120 i Il [l 1 I
50 25 0 25 50 75 100

Temperature (°C)

Fig.6 Thermal characteristics of a wave detector using bridge-
connected Schottky barrier diodes (SBDs).
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Fig.7 Field detection characteristics of the differential MI sensor
with negative feedback.
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Fig.8 Temperature stability of the differential MI sensor when
Hex = 0A/m and Hex = 80A/m.
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Fig.9 Zero point drift stability of the differential MI sensor when
Hex = 0A/m.
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