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High Frequency Carrier Type
Bridge-Connected Magnetic Field Sensor

M. Takezawa, H. Kikuchi, K. Suezawa, M. Yamaguchi, K. Ishiyama, and K. I. Arai
Research Institute of Electrical Communication, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-77, Japan

Abstract—This paper discusses the enhancement of
the sensitivity of high frequency carrier type magnetic
field sensors by using bridge connection of the sensor
elements. A high sensitivity of 2.0 V/Oe was achieved
at a carrier frequency of 15 MHz.

I. INTRODUCTION

Recently, thin-film magnetic field sensors using
impedance change of soft magnetic thin-films at high fre-
quencies have been studied because the sensors have high
sensitivity, coilless configuration, etc [1]-[6]. The sensing
principle is based on skin effect and permeability change
of soft magnetic thin films when subjected to the exter-
nal magnetic field to be sensed, as in the case of bulk
devices [7], [8].

We have already clarified how the permeability changes
with external magnetic field, and that the occurrence of
a peak in the impedance vs. external magnetic field rela-
tionship can be explained by the bias susceptibility the-
ory [9],[10]. These studies clarified that the resistance
of the thin-film type sensor is relatively large comparing
with the bulk type sensor because of the thinness of the
film. This masks the impedance changes.

In order to solve this problem, we propose a new bride-
connected magnetic field sensor. The sensor can can-
cel the dc resistance, which enhances the sensitivity very
much.

II. EXPERIMENTAL PROCEDURES

Fig.1 shows the schematic view of the fabricated bridge-
connected sensor. The element consists of four rectangu-
lar legs of amorphous Cogs g5 Nby2Zr3 15 thin-films. The
CoNbZr thin-films were deposited on a glass substrate by
rf sputtering. The 6 pm thick films were micromachined
into the sensor element by using photolithography and ion
milling techniques. The length of the single rectangular
leg is 5 mm and the width is 100 gm. The sensor element
was annealed for 2 hours at 400 °C in a 60 rpm rotating
magnetic field of 40 kA /m, followed by 1 hour at 400 °C
in a static magnetic field of 40 kA/m in order to induce
uniaxial magnetic anisotropy. The anisotropy field, Hy, of
the sensor element was 400-480 A/m. The legs AB and
CD are with the orientation of the easy axis of magneti-
zation along the width direction, and BC and AD have
the easy axis along the length direction.
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As shown in Fig.2, we applied a high frequency carrier
voltage of 1 V,_;, to the electrodes A and C, and we mea-
sured the output voltage, Vout, between the electrodes B
and D by the use of FET probes and a oscilloscope. The
bridge-connected sensor was subjected to an external dc
field, Hy., generated by a helmholtz coil. The differen-
tial amplifier was used to give the ac output voltage of
the bridge. The gain of the amplifier is 4.7. The ac out-
put voltage, V.., was rectified and amplified into the dc
output voltage, V4., of the element.

After the bridge-connected measurements, the sensor
was cut off by a Focused Ion Beam (FIB) into single rect-
angular elements, as shown in Fig.3. The impedance of
four cut elements was measured with a network analyzer
(HP8752A) when the dc field was applied.

III. OPERATING PRINCIPLE OF THE
BRIDGE-CONNECTED SENSOR

The impedances Zap and Zc¢p in Fig.2 increase with the
increase of the dc magnetic field, and are maximum when
the dc field, Hy., nearly equals the anisotropy field, Hy, of
the magnetic films, as shown in Fig.4. On the other hand,
the impedances Zgc and Zap are roughly constant [9].

The output voltage, V,, of the element is given as fol-
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Fig. 1. Schematic diagram of the bridge-connected thin-film mag-
netic sensor element.

Fig. 2. Measurement system of the sensor element.
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Fig. 3. Photograph of the cut elements by FIB.
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Fig. 4. Dependence of the impedance on the external dc field for

the rectangular elements.

lows.

ZaBZcp — ZBcZap
(Zag+ZBc)(Zcp + Zap)

Where, K is the gain of the differential amplifier (K =
4.7). Given that Zap equals Zop and Zpc equals Zap as
(2) and (3), the output of the element can be expressed

by (4).

Vae = K Vin (1)

Zpap=Zcp = Zg (2)
ZBC:ZAD = Zb (3)

: Zy — Ly :
Vac = K—‘/zn 4
Za +Zb ( )

If 7, equals Zy, the output voltage becomes zero. Our
final goal is to realize this state when the dc field is zero.
However it is difficult to equalize the real parts and the
imaginary parts simultaneously. This problem could be
overcome by using non-magnetic elements for either Z, or
Zy, which will be discussed in future work.

Anyway there is the dc offset voltage, V,.q, at Hg. = 0.

Therefore we use the output voltage change, AV,, AVg.
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Fig. 5. Dependence of the magnitude of the ac output voltage change
on the external dc field for the bridge-connected sensor element.
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Fig. 6. Dependence of the impedance on the external de field for
the rectangular elements:

defined as,

AVac:Vac = Vac0 (5)
A‘/dc:‘/dc - VdCO (6)

Where, V,. and V,.o are the ac output voltages of the
element with and without the external dc magnetic field,
and Vgc, Vaco are the de output voltages.

IV. REsuLTs AND DISCUSSION

Fig. 5 shows the dependence of the magnitude of the
ac voltage change, AV,., on the external magnetic field,
Hge, at carrier frequencies of 5 MHz and 15 MHz. The
magnitude of the voltage change was maximum when the
dc magnetic field, Hqc, was nearly equal to the anisotropy
field, Hy, of the magnetic films. The maximum AV,
was 0.30 V,_p, and 0.37 V,_; at 5 MHz and 15 MHz,
respectively. The offset voltage, Vaco, without the dc field
was 1.61 V,_; and 1.65 V,_ at carrier frequencies of 5
MHz and 15 MHz. :

Fig. 6 shows the dependence of the impedance, Z,g,
Zpc, Zcp, and Zap of the cut rectangular elements at 15
MHz. The impedances Zap and Zcp were maximum at
around Hge = Hi and the maximum magnitude of change
was about 6 Q. The impedances Zge and Zap wereinsen-
sitive to the external dc field, and the Zpc nearly equaled
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Fig. 7. Dependence of the magnitude of the calculated ac output
voltage change on the external dc field for the bridge-connected
element.
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Fig. 8. Dependence of the magnitude of the dc output voltage
change on the external dc field for the bridge-connected sensor ele-
ment.

the ZAD-

Fig. 7 shows the external dc field dependence of the
calculated AV, based on (1), in which the impedances
measured in Fig. 6 were used for calculation. The calcu-
lated values were maximum at Hgq. ~ Hy. The maximum
calculated AV, was 0.44 V,_, and 0.95 V,_, at 5 MHz
and 15 MHz. The calculated values roughly agreed with
the measured values of Fig. 5 at the carrier frequency of
5 MHz. However the maximum calculated AV, nearly
doubled the measured value at 15 MHz. It was due to the
inductance of lead wires which connects the sensor ele-
ment and oscillator. Since the reactance of wires becomes
large at a high frequency, the input voltage, Vi, in (1) at
15 MHz would be smaller than Vi, at 5 MHz.

Therefore, the output voltage of the element can be
estimated qualitatively on the impedance change of the
cut rectangular elements.

Fig. 8 shows the dependence of the magnitude of the
measured dc voltage change, AVy., on the external field
at carrier frequencies of 5 MHz and 15 MHz. The maxi-
mum sensitivity of the element at 15 MHz was 2.0 V/Oe
between 270 A/m to 335 A/m, which was about 10 times
greater than the value obtained with conventional high
frequency carrier type thin-film sensors [2]-[5]. Linearity
within this range was 3.3 %.

The specification should be enough for sensing the po-
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sition of buried magnets under the road, being used for
Intelligent Transport Systems which would guide cars au-
tomatically on highways.

V. CONCLUSIONS

We investigated a bridge-connected magnetic field sen-
sor element and achieved a high sensitivity of 2.0 V/Oe
at 15 MHz. The output voltage of the bridge-connected
sensor element can be estimated qualitatively on the
impedance change of the micromachined soft-magnetic
thin-film rectangular elements.
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