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A Closed-Loop Operation to Improve GMR
Sensor Accuracy
Zhichao Li, and Steve Dixon

Abstract—Giant magnetoresistance (GMR) magnetic field
sensors are compact, low power, high sensitivity devices that are
low cost and have very simple supporting electronics. One of the
disadvantages of GMR sensors can be their nonlinearity,
hysteresis and temperature dependent output, which can reduce
measurement accuracy. This paper presents an approach to
improve the measurement accuracy of GMR sensors using a
closed-loop circuit, which includes the sensor, a biasing coil and a
feedback circuit. The current in the biasing coil is actively
changed to ensure that the component of magnetic field along the
sensitive axis of the device is held constant, so that as the external
magnetic field or orientation of the GMR sensor changes, the
output of GMR sensor remains stable. In this way, the external
magnetic field component along the sensitive axis of the device can
be calculated by measuring the current in the biasing coil
surrounding the GMR sensor, regardless of the hysteresis and
nonlinearly of GMR sensor. The linearity and accuracy of
magnetic field measurements using a GMR sensor are
significantly improved and a hardware prototype has been
constructed and tested under a reference magnetic field.
Index Terms—Magnetic field measurement, GMR sensor,
hysteresis, linearity, closed-loop.

I. INTRODUCTION

M

field sensing plays an important role in many
industrial applications, such as measurement of speed,
position, current and earth’s magnetic field, non-destructive
testing and condition monitoring [1]. Technological
developments of magnetic field sensors have been driven by the
need for improved sensitivity and reliability, smaller sensor
size, and compatibility with electronic systems. Various
techniques are used to measure both DC and AC magnetic field
strength, each having unique properties that make it suitable for
particular applications [2]-[4]. Due to their high sensitivity,
small size, low power consumption and low cost, the giant
magnetoresistance (GMR) sensors have been used in
multifarious applications [5], [6]. However, they have some
drawbacks such as nonlinearity, hysteresis and a temperature
dependent output, that can reduce measurement accuracy
[6]-[8]. The hysteresis and nonlinearity become more serious
when measuring bipolar magnetic field. Moreover, the output
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characteristic of GMR sensor is omnipolar, meaning that in
normal use, the sensor only measures the magnitude of the
magnetic field component along the direction of its sensitive
axis.
When GMR sensors are used as a magnetometer,
measurement accuracy becomes an important issue. It is
desirable to make the output characteristic of GMR sensor
linear and bipolar, and at certain field strengths in their
operation range, for a field changing steadily in one direction,
the GMR sensor can provide a reasonably linear output. In most
applications however, this is not a practical arrangement. Some
researchers have tried to model the hysteretic characteristics of
GMR sensors to compensate the measurement error due to
hysteresis [9], [10], and the modeling algorithms can improve
the accuracy and linearize the output characteristic of GMR.
However, these models are quite complex and the hysteretic
models are not suitable for asymmetric magnetic field
measurements. Using a bias field parallel to the sensitive axis
can shift the operating point of GMR sensor to the linear
portion of the characteristic curve, which will effectively result
in a bipolar output signal and will also reduce the level of
hysteresis [6], [11]-[15], but will not eliminate it completely.
This biasing can be done either with an external permanent
magnet [11] or a coil winding carrying a current [12]-[15],
where the biasing magnetic field generated by a coil can be
easily controlled. The biasing currents can be DC, AC, square
wave and short pulses [12]-[15]. The control of the biasing
current is usually open loop, so it needs relatively expensive
set-ups to obtain accurate measurements of the current in the
coil, but some studies have used closed-loop feedback of GMR
sensor as current sensor [16].
This paper presents a new GMR circuit design that provides
a significant improvement in the accuracy of the magnetic field
measurement, using a closed-loop configuration, which
consists of a GMR sensor, a biasing coil and a feedback circuit.
The current flowing in the biasing coil is controlled by the
GMR output signal, in such a way as to make the GMR output
constant. Therefore, the magnetic field along the sensitive axis
of the device can be calculated from the measurement of the
biasing coil current, regardless of the hysteresis and nonlinearly
of GMR sensors. The linearity and precision of magnetic field
measurements are greatly improved using this method. The
output characteristics of GMR sensor is introduced in Section II
of the paper, whilst Section III describes the proposed
closed-loop GMR sensor circuit in detail. The experimental
results are shown in section IV.
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study, a constant current source (1 mA) is used as the power
supply to the GMR AA002 sensor. The nonlinearity and
hysteresis in Table I are typical values only for unipolar
operation: meaning that the sensor is subjected to magnetic
field of one polarity relative to the sensitive axis of the device
(e.g. 01 mT, or -0.2 mT  -1.2 mT, but not -0.2 mT  1 mT).
Bipolar operation, where the magnetic field passes from a
negative value through zero to a positive value (or vice versa)
will increase nonlinearity and hysteresis.
III. DESIGN AND ANALYSIS OF CLOSED-LOOP GMR SENSOR
CIRCUIT

Fig. 1. The output characteristics of AA002 at (a) 1 mA current supply and (b)
5 V voltage supply from [6].
TABLE I
KEY CHARACTERISTICS OF GMR SENSOR AA002 FROM [6].
Linear range
(mT)

Sensitivity
(mV/V/mT)

Min

Max

Min

Max

0.15

1.05

30

42

Nonlinearity

Hysteresis

Saturation
field (mT)

2%

4%

1.5

II. OUTPUT CHARACTERISTICS OF GMR SENSOR
The GMR sensors used in this paper are commercial devices
AA002, manufactured by NVE [6]. The output curves of the
AA002 sensor are shown in Fig. 1 and its key characteristics are
shown in Table I.
It can be clearly seen in Fig. 1 that when this particular GMR
sensor is powered by 1 mA current supply, the temperature has
little influence on the linear characteristic curves. So in this

To improve the measurement accuracy, a closed-loop GMR
sensor circuit is designed. The schematic circuit diagram of the
closed-loop GMR sensor circuit is shown in Fig. 2, which
consists of a current source, a GMR sensor, a biasing coil, a
differential amplifier, a subtractor and a push-pull amplifier.
The differential amplifier, the subtractor and the push-pull
amplifier compose the feedback circuit.
The GMR magnetometer is configured as a Wheatstone
bridge by four 5 kΩ GMR resistors. Two of the resistors are
sensing resistors (grey parts in Fig. 2) and the other two are
reference resistors (white parts in Fig. 2), which are covered by
a nickel-iron magnetic shield. In response to an external
magnetic field, the exposed sensing resistors decrease in
electrical resistance while the reference resistors remain
unchanged, causing a voltage at the bridge output.
The current source supplies the 1 mA constant current to the
GMR sensor. The GMR sensor measures the total magnetic
field Btot, which is the sum of the external magnetic field Bext
and the biasing magnetic field Bbia generated by the coil. An
operation point in the middle part of the linear output curve is
chosen and the corresponding output voltage is set as the
reference voltage Vref. The output voltage Vop of the differential
amplifier is subtracted from the reference voltage. The
push-pull amplifier drives the current in the biasing coil IC,
which can be calculated from the voltage Vm and resistance Rm
of the sampling resistor.
The current flowing in the biasing coil is controlled by the
GMR output voltage to make the GMR output constant, as
shown in Fig. 3. In what follows, when we discuss changes in
the magnetic field, we will mean the component of magnetic
field aligned along the sensitive axis of the GMR sensor. When
the power to the GMR circuit is initially switched on, the
electronics supplies a positive current pulse to the biasing coil,
which is large enough to saturate the GMR sensor. This current
is then gradually decreased over a several milliseconds, so that
the output of the GMR sensor is maintained at a fixed level, in
the middle of its dynamic range, in the linear region of
operation. When the external magnetic field Bext increases, Vop
is larger than Vref, and the driving current IC in the coil decreases,
resulting in a decrease of biasing magnetic field Bbia. Therefore,
the total magnetic field Btot remains constant, regardless of
changes in Bext. Similarly, when the external magnetic field Bext
decreases, Vop is smaller than Vref, IC and the biasing magnetic
field Bbia increases, ensuring the total magnetic field Btot
remains constant. Therefore, the external magnetic field can be
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Fig. 2. Schematic diagram of the closed-loop GMR sensor circuit, which consists of a current source, a GMR sensor, a biasing coil, a differential amplifier, a
subtractor and a push-pull amplifier.
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Fig. 4. Block diagram of the closed-loop GMR sensor circuit.
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case of open-loop.
The closed-loop system can be expressed by a whole
second-order equation
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Fig. 3. Principle of the proposed biasing method.

calculated from measurement of the current through the bias
coil, regardless of the hysteresis and nonlinearly of the GMR
sensor.
Based on Fig. 2, the block diagram of the overall system is
represented in Fig. 4. The GMR sensor produces a voltage Vs
proportional to the total magnetic field Btot along the sensitivity
axis. The output voltage Vs from GMR sensor can be described
as Vs  Ks Btot  Ks ( Bext  Bbia ) , where Ks is the sensitivity of
GMR sensor in the open-loop circuit.
The biasing coil current IC has can be expressed as [16]

V  G( s) Bext ( s)
I C ( s)  ref
Z ( s )  G ( s ) KC

I C ( s) 

(1   op s)Vref  Ks Kop Bext ( s)
Rtot (1   op s)(1   C s)  Ks Kop KC

(3)

Usually,  op is the order of tens of milliseconds and  C is in
the order of microseconds. So in DC or low frequency
applications

 op s

1 and  C s

1

(4)

Based on (4), (3) can be simplified to
(1)

I C ( s) 

where G( s)  KsGop ( s) , Z ( s)  Rm  RC  sLC  Rtot (1   C s) ,

Rtot  Rm  RC ,  C  LC Rtot , Gop(s) is the transfer function of
the differential amplifier, RC and LC are the equivalent
resistance and inductance of the biasing coil, respectively.
The differential amplifier can be considered as a first-order

Because Rtot

Vref  Ks Kop Bext ( s )
Rtot  Ks Kop KC

(5)

Ks Kop KC [16], (5) can be further simplified to
I C ( s) 

Vref
B ( s)
 ext
Ks Kop KC
KC

(6)
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Fig. 5. Output voltage of GMR sensor (AA002 only) and biasing current in the
coil (AA002 with biasing coil) under bipolar magnetic field. (a) –0.2 mT~0.2
mT and (b) -0.1 mT~0.3 mT.
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where 0  4π 107T (A m) , which is the permeability
constant.
In the experiment, the Helmholtz coils generate both bipolar
and unipolar magnetic fields, including four ranges: (a) –0.2
mT~0.2 mT, (b) -0.1 mT~0.3 mT, (c) 0~0.3 mT, and (d) -0.3
mT~-0.05 mT. In order to test the biasing field circuit, the
GMR sensor AA002 with and without biasing coil are placed in
the central working area of the Helmholtz coils, and the GMR
sensor sensitive axis is aligned in the same direction as the
Helmholtz coils’ axes. All the system is placed horizontally and
in an east-west direction, to minimise the corresponding DC
field offset due to the earth’s magnetic field.
Fig. 5 and Fig. 6 show the output voltage of GMR sensor
without the biasing coil, and the bias coil current surrounding a
GMR sensor, under both bipolar and unipolar magnetic fields,
respectively. It can be seen that when measuring either bipolar
or unipolar magnetic field, the hysteresis and nonlinearity of

-0.04
0.2

0.1

0.14

0.08

A prototype of the closed-loop GMR sensor circuit has been
realized on the basis of the descriptions in section III. A biasing
coil of 35 turns of 28 gauge insulated copper wire is wound to
form a solenoid with an approximate diameter and length of 8
mm and 6 mm respectively around the AA002 GMR sensor,
which has a sensitivity of approximately 175 mV/mT. The gain
of the differential amplifier is 10, and the reference voltage is
1.35 V. The resistance of the sampling resistor is 5 Ω.
Helmholtz coils separated by 0.15 m, each of 128 turns, and a
radius of 0.15 m are used to generate a reference magnetic field
in order to verify the proposed method. The relationship
between supply current Is and magnetic field strength B at the
center of axis between two coils is [17]
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IV. EXPERIMENTAL SETUP AND RESULTS

8 0128I s
B
5 5 0.15

0.08

0.14

0.16

0.1

0.15
0.14

0.05

GMR sensor with biasing coil
GMR sensor only

(b)

0.13
-0.3

Output voltage of GMR sensor (V)

Based on (7), it can be seen that the change of biasing current
is proportional to the change of external magnetic field with the
parameter KC, which only depends on the geometrical
characteristics of the biasing coil. As a consequence, the
accuracy of the magnetic field measurement is significantly
improved. The error due to hysteresis phenomenon of the GMR
sensor is greatly reduced, and the issues of measuring small
magnetic fields and a change in polarity of the background
magnetic field are avoided.
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When the external magnetic field Bext changes, the
closed-loop GMR sensor circuit ensures the total magnetic field
component along the sensitive axis of the device, Btot, is stable.
So Ks in (6) represents the GMR sensor sensitivity at the
operation point Ks(O), which is constant. Equation (6) can be
rewritten as

4

Output voltage of GMR sensor (V)
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-0.05

Fig. 6. Output voltage of GMR sensor (AA002 only) and biasing current in the
coil (AA002 with biasing coil) under unipolar magnetic field. (a) 0~0.3 mT and
(b) -0.3 mT~-0.05 mT.

GMR sensor output are obvious, which results low measuring
precision of magnetic field. By using the proposed closed-loop
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circuit, the hysteresis of the GMR sensor has been significantly
reduced when measuring symmetric or asymmetric bipolar
magnetic fields. The change of the current in the biasing coil is
proportional to the change of the external magnetic field,
ensuring high accuracy and linearity of magnetic field
measurement. Moreover, the direction of the external magnetic
field can also be obtained from the biasing current IC compared
with the IC(0), which is the current in the biasing coil without
external magnetic field.
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V. CONCLUSIONS
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improved significantly with the use of the closed-loop circuit
proposed in this paper. The operation principle and the block
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biasing coil and the feedback circuit, the output voltage of
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field can be calculated from measurement of the current in the
biasing coil. The hysteresis and nonlinearity of the GMR sensor
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