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Semiconductor Magnetoresistive Current
Sensor for Weak Current Detection
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ABSTRACT Made up by the combination of InSb-In eutectic magnetoresistive (MR)
components, the newly designed semiconductor film magnetoresistive current sensor
(MRCS) was to detect weak current with its circuit controlled by signals. This kind of
current sensor simultaneously alters the resistance value of two InSb-In magnetoresis-
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tive components. Through this way, it could eliminate the coupling capacitance of

ultra-large capacity and reduce the volume capacity as well as improve the frequency
characteristics. Set a specified parameter through accurate calculation, and make cur-
rent generate signals which form direct proportion against the magnetic field generated
by the weak current of magnetoresistive alteration, reaching the goals of detecting weak
current. The test analyzed this current sensor’s operating characteristics with the test-
ing pass bands as 7-1800 Hz. It was found that the weak current reached at 10 mA and

could control the effect of temperature drift effectively.

1. Introduction

Electronic current sensor (MRCS) was made up by InSb-In
magnetoresistive components (MR). This kind of current
sensor retained the sound performance of Hall current
sensor and also had a lot of good features. It had smaller
volume, lower cost and simpler structure which made it
possible for mass production. The creation of current sen-
sor was to test weak current. This current sensor used the
simultaneous alteration of resistance value of two InSb-In
magnetoresistive components to achieve this goal. It elimi-
nated the coupling capacitance of ultra-large capacity and
reduced volume while improved frequency characteristics.

2. Characteristics of InSb-In Magnetoresistive Thin Film
The so-called magnetoresistive effect was the correspond-
ing resistance changes along with the changes of increased
outer magnetic field. But semiconducting sensitive materi-
als were affected when the direction of electronic current
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was vertical versus the magnetic field which was the func-
tion of Lorentz Force. If current carrier changed its direc-
tion and led to a longer current travel path, the value of
resistance increased. The magnetoresistive effect could be
divided into two scenarios: one was physical magnetore-
sistive effect; the other was geometrical magnetoresistive
effect. The physic magnetic field effect would be discussed
first. To physic magnetic field, the semiconductor’s speed
rate had significant differences compared with that of two
current carriers (electron and hole). The one with higher
speed rate would be the current carrier which caused
changes of magnetoresistance. Geometrical magnetoresis-
tive effect was the semiconductor magnetic sensitive re-
sistances with confirmed main materials, and their shapes
would be related to magnetoresistive effect. That is to say,
their shapes would affect magnetoresistive effects. There
were some other magnetoresistances with different ratio
of length and width or different shapes; they would have
different magnetoresistive effects. In order to increase the
geometrical magnetoresistance’s effect intensity, various
approaches were adopted. The ratio of length and width
could be made shorter, for instance the length was several
folds of the width; the ratio was less than 1 [1,2].

3. Manufacturing Methods of InSb-In Thin Film

There were many methods to produce InSb-In magne-
toresistive components. The most traditional method was
to cut the single crystal blocks into thick slices, followed
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by precision work to polish them until they were 30-60
micrometers slices in width. The other one was to create
short-circuited electrode. This short-circuited electrode
was used to reduce the length and width ratio. Those com-
ponents required elaborate techniques to use vacuum coat-
ing. By mastering the proportion of materials chemometry
and crystallization procedure, the indium (In) could form
needle shape in the thin slice. Those needles would func-
tion as the short-circuited electrode. The main procedure
was: substrate polishing; vacuum coating; heat treatment;
lithography; preliminary testing and selection; lead meld
and measurement for classification. The components were
lead, insulation substrate, InSb-In magnetoresistive com-
ponents MR1 and MR2, permanent magnet, five lead feet
etc.

4, Structure of InSb-In Magnetoresistive Current Sensor
InSb-In magnetoresistive current sensor consisted of lead,
insulation substrate, InSb-In magnetoresistive components
MR1 and MR2, permanent magnet and five lead feet. Fig-
ure 1 showed the structure of this magnetoresistive current
sensor (MRCS). The metal case of InSb-In magnetoresis-
tive current sensor was to shield and protect the sensor.
MR1 and MR2 had the same resistance value but were
put at opposite positions. The permanent magnet would
produce magnetic field B to MR1 and MR2 continuously.
The test electric current would go through the lead locat-
ing at the axis of symmetry of MR1 and MR2. As shown
in Figure 2, MR1 and MR2 were powered by constant cur-
rent power supply. The electric current was 10. When the
testing alternating current went through position 4 and
5, there would be space magnetic field around the circuit
generated. When space magnetic field went through MR1
and MR2 one by one, their directions were opposite at
a moment,; therefore, MR1 and MR2 would be affected
when this magnetic field overlapped with the partial mag-
netic field B generated by the permanent magnet of MRCS,
and one of the resistance values would increase while
the other one would decrease. The changes of resistance
values of these two magnetoresistive components would
cause changes of electric potentials of Ua and Ub in the
figure. Amplify the signals of the two ends of Ua and Ub
that entered into differential op-amp circuit t with lead
through voltage at different time, we could get to output
signal U0 [3].
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\_ Figure 1. MRCS Structure Diagram.
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Figure 2. Signal Processing Circuit Diagram.
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5. Discussion

By maintaining the testing signal at 50 Hz without fluctua-
tion; increasing the testing current i from 10 mA to 100
mA; the output voltage would increase from 50 mV to 350
mV continuously as shown in Figure 3 below.
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Figure 3. Relation between Output Voltage and Testing
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By maintaining the testing signal at 60 mA without fluc-
tuation, the frequency would increase from 1 Hz to 20,000
Hz. When the monitored frequency was 70-500 Hz, the
output voltage was the max as 208 mV; however when the
frequency was 1-70 Hz, the output voltage increased grad-
ually and slowly; when the frequency was 500-15,000 Hz,
the output voltage decreased slowly; when frequency was
above 15,000 Hz, the output voltage did not change a lot
but at a stable level. Therefore, as shown in Figure 4, with
passband within 7-1,800 Hz, the output values reached the
detecting goal.
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The relation between the current and surrounding
space magnetic field illustrated that when straight line
went through alternating current, the result could be
achieved through calculation that U0 would increase
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continuously and linearly along with the increase of i as
shown in Figure 3.

However, when the circuit in static operating status
while raising the external temperature from -25 to 55 °C,
the output voltages of Sample A, B, C and D did not vary
significantly. All of the four curves indicated a trend of in-
crease as shown in Figure 4.

Changes of temperature would cause some changes of
magnetoresistance of both InSb. By calculating through
formula, the result would be U0 = 0.

The experiments indicated clearly that this design could
theoretically control the effect of temperature drift effec-
tively. According to Figure 4, the four curves illustrated
the results of the four samples A, B, C and D who shared
the same circuits’ structures. Their static working perfor-
mances were different; this would be related with actual
existing gap between the same components. When the
temperature increased from -25 to 55 °C, the output volt-
age changing scope was 0.14-1.21 V; the changing rate was
0.0294%-0.0491% per Celsius. It was associated with the
performance changes of components along with tempera-
ture changes [4,5].

6. Conclusion

We created a signal processing circuit which could cre-
ate possible large output signals by using InSb-In eutectic
typed thin film magnetoresistive components, bias magnet
and magnetoresistive current sensor put at the axle wire
of circuit. This experiment indicated that there were con-
nections related to changes among components. When
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the testing signal’s current intensity or frequency changed,
the magnetic field of the InSb magnetoresistance would
change correspondingly. The value of resistance would
change, leading to the changes of input signals Ua and Ub.

Different modules management of the input signals
could be adopted to figure out the most suitable circuit pa-
rameters. Remove the sideling straight line current level.
Finally, the amplified signal with direct proportion against
the testing weak current could be obtained.

The transmission band of this current sensor was 7-1,800
Hz; the detected weak current signal was 10 mA; it had
strong inhibiting effect on temperature drift.
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