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Abstract. Active shielding effect was examined in a negative
feedback circuit system consisting of a magneto-impedance effective
sensor, an amplifier and a canceling coil to compensate external
magnetic field noise. The phase difference between the input and
output sensor signals in a loop was less than 90 degree up to 20,000
Hz. An excellent frequency characteristic of active shielding
effectiveness, 48 dB was obtained for the external magnetic field at
the frequency of 0 - 2,000 Hz.

1. INTRODUCTION

Active magnetic shielding is a technology to shield an open space using canceling
coils like Helmholtz coils that cancel external magnetic field noise by generating
opposite field to the external field. It has advantages over conventional magnetic
shielding in respects of light weight skeleton device and contemporary setting. The
active shielding needs only Helmholtz coils to compensate magnetic field by electric
current so that low cost of equipment and installation would be expected, while
magnetic shielding conventionally performed with high permeability magnetic
materials are generally expensive and heavy. The active magnetic shielding has been
applied to SEM or TEM electron microscope shielding, NMR or MASS shielding [1]
and magnetic room shielding for SQUID being combined with the conventional
shielding [2]. It would be a key technology in active shielding to control current to a
canceling coil. Kelha used a fluxgate magnetic sensor and PID controller and obtained
about 20 dB improvement in shielding effectiveness at 1 Hz [3]. In the current active
shielding technology, analog signal of external field detected by & magnetic sensor is
once converted to digital signal by A/D converter. The equivalent current to the
opposite external field is generated through digital signal processor and D/A converter
[1]. This system requires time and cost in calculating and converting signals so that
shielding frequency is limited up to less than 10 Hz of external field. Matsumoto
proposed a method to feedback SQUID current directly to a canceling coil without
digitized treatment and processing [4]. Active shielding effectiveness of 60 dB was
obtained at 1 Hz but the shielding factor decreased rapidly at higher frequency.

Here a very simple active shielding system is presented using a negative feedback
circuit with a magneto-impedance effect sensor to cancel magnetic field noise from dc
to higher frequency with no digitized processing.

2. EXPERIMENTAL

A basic system for active shielding consists of a magnetic sensor, an amplifier and a
canceling coil. A magnetic sensor applying twin heads differential typed magneto-
impedance effect [5] has been produced by a couple of CoFeSiB amorphous drawn
wires of 30 (im diameter and 3mm long by Unitika Co. as shown in Fig.I. The
amorphous wires were connected consecutively with a variable resistor between them.
Biased DC field was applied to
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Fig.l: Magneto-impedance effect sensor with two heads

each wire by 30 turn coils, which was controlled to obtain ultimate sensitivity as a
device(Fig.l- ). The oscillating frequency from a CMOS multi-vibrator in Fig. 1-
was 230kHz. For a detection circuit Schottky barrier diodes for high frequency were
used as shown in Fig. 1- . The cut-off frequency was practically 16 kHz. The output
characteristics of the sensor are shown in Fig. 2 for the external field of 60 Hz. Output
voltage showed good; linear relationship against external ac magnetic field from 0 to
100 mG (lOuT) at 60 Hz. The frequency dependent output voltage was constant from
0 to 10,000 Hz as shown in Fig.Active shielding measurement was carried out by
setting the magneto-impedance effect sensor in the center of canceling coils consisting
of a pair of coils with 10 turns respectively. The coils were 450mm square and 250mm
apart each other like a Helmholtz coil. The field distribution below 3 % was obtained
between the two coils at the center of 200mm wide. In order to measure active
shielding effectiveness, the canceling coil and the magnetic sensor were set in the
center of a large square type Helmholtz coil of 1800 mm long and 980 mm apart. This
square type Helmholtz coil has been proved to have parallel constant magnetic field in
500 mm wide cubic space and generated alternating magnetic field, Bex, from 0 to 100
mG (10 (iT). Output signals from the sensor were amplified so as to generate
equivalent current to the opposite external field
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Fig. 2: External field vs. output voltage Fig. 3: External field vs. output voltage
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Fig. 4: Shielding effectiveness
for dc field

Fig.S: Shielding effectiveness
for ac field

3. RESULTS AND DISCUSSION

Sinusoidal and non-sinusoidal magnetic field as external magnetic fields, Bex,
were applied to measure active shielding effectiveness. The sinusoidal magnetic fields
generated by the square type Helmholtz coil were from 1 mG to 80 mG at the
frequency of 1 - 10,000 Hz. For example, the external of Bex = 60 mG at 50 Hz was
shielded to Bi = 0.24 mG. For non-sinusoidal field, practical external fields from
electric machines like motors were applied. As an example, Bex = 12.5 mG from a
universal motor was applied and shielded to Bi=0.05 mG. The shielding effectiveness,
SE, calculated from SE (dB) = 20 log (Bex/Bi) was to be 48 dB for the both examples.
Fig. 4 and 5 summarize the results of the shielding effectiveness of dc (static) and ac
(alternating) external magnetic field, Bex = 0 to 220 mG (22 |iT) for dc and 0 - 80 mG
(8 (iT) at 50 Hz, respectively. Shielding effectiveness of 48dB was obtained for dc
magnetic field Bex = -220 to +220 mG and ac magnetic field Bex = 30 to 80 mG. At
smaller ac field below Bex = 30 mG shielding effectiveness decreased slightly to 43
dB, which would be affected by residual noise in the system. The frequency dependent
shielding effectiveness is shown in Fig. 6 for Bex = 50 mG.
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Fig. 6: Shielding effectiveness vs. frequency (Bex=50mG)
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Fig.7: Frequency dependent phase difference between input and output signals

The excellent shielding effectiveness at high frequency made possible to shield
non-sinusoidal field. The decrease at higher frequency is due to the phase difference
between input and output signals in the system. Fig 7 shows the frequency dependent
phase difference. No phase difference was seen up to 10 kHz and that below 90-degree
was observed till 20 kHz.

Active shielding effectiveness, SE, in the system can be defined by the factors of
the canceling coil, the .magneto-impedance effect sensor and the amplifier. These
factors are conversion coefficients of input and output signals for each element. Here,
let K, S and A be factors for the canceling coil, the magneto-impedance sensor and the
amplifier, respectively, as shown in Fig.8. The shielded field, Bi, and SE can be
calculated in the negative feedback loop as follows;

V = SBi (1)
Bi = Bex - VAK = Bex - ASKBi (2)
Bi/Bex = 1/(1+AKS) (3)
SE = 20 log (Bex/Bi) = 20 log (1+AKS) (4)

V is output signal of magneto-impedance sensor.
As easily seen from equation (3), AKS should be large enough in order to shield

Bex by the system. Since the factors in the experiments were A = 180-220 (V/V), S =
24 (V/G), K = 0.045 (G/V), and AKS = 195-238, the shielding effectiveness, SE is to
be 46-48 dB. The SE value agrees quite well the experimental results shown in Fig.4
and 5
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Fig.8: Active shielding effectiveness measurement
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We also measured active shielding effectiveness in the same system by
substituting a flux gate magnetic sensor for the magneto-impedance effect sensor, as a
comparison. The frequency dependent shielding effectiveness was 15 dB for 1 Hz and
rapidly decreased till 5 Hz. The phase difference reached 90 degree at 8 Hz, while for
the magneto-impedance effect sensor the phase difference was 90 degree at 20,000 Hz
as shown in Fig. 7.

Here a one-dimensional canceling coil was applied but this system will be easily
applicable to a three-dimensional canceling coil [4]. In this experiment the magneto-
impedance sensor was placed in the center of the canceling coil. In practice the center
would be occupied with an object to be shielded like an electron microscope. In that
case, a magnetic sensor may be moved to off-center position according to field
distribution of a canceling coil.

4. CONCLUSION
Active shielding was examined in a negative feedback system with a magneto-

impedance effect sensor. The shielding effectiveness of 48 dB was obtained from
static to 2,000 Hz magnetic fields. The excellent shielding effectiveness is clarified to
come from the characteristic of frequency dependent phase difference of magneto-
impedance sensor.
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