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Abstract: A fluxgate sensor interface, Application Specific Intergrate Circuits (ASIC) based on the
Complementary Metal Oxide Semiconductor(CMOS), is designed and manufactured by a 0.6 pm DP-
DM P-sub brief process and the second-harmonic detection of output voltage. This kind of integrated
interface circuit of the fluxgate can decrease the dimension of traditional discrete components, and can
reduce the power consumption to meet the requirements for miniaturization and low-power consump-
tion in aviation and military domains. In consideration of the structure and specification of the fluxgate
sensor, the excitation and pick-up circuits with the size of 2 mm X2 mm for the sensor are proposed,
and the functions and parameters of all parts of the circuits are verified by a HSPICE. The experiment
results of the circuit system with the fluxgate sensor show that the circuit can offer a sensitivity of 16.
5 1V/nT and the linear ranges of =290 ' T. With a voltage supply of 5 V, the total power consumption
of the circuit is as low as 35 mW.
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1 Introduction

Fluxgate sensors are vector magnetic field
sensors used widely in measuring weak magnetic
fields™.

tions and wide measurement ranges, and are

They are characterized by high resolu-

suitable for high-speed systems for reliable, in-
expensive and durable properties. Since the first
fluxgate sensor appeared in the early 1930s, they
have been still used in many aspects of science
study, such as the research of geomagnetism,
exploration, military fields, and measurements
of magnetic space. In recent years, with the de-
velopment and popularization of semiconductor
technology. especially MEMS technology., the
design principle of many sensors has been trans-
formed from conventional fabrication processes
to the processes based on semiconductor technol-
ogy. which benifites from advantages such as
miniaturization, systematization, integration and
reliability™*.

The design of the fluxgate interface ASIC is
introduced in this paper,and the simulative and
experimental results of the circuit are given in

the end.

2 Structure of fluxgate sensors

The fluxgate sensor is based on the non-lin-
ear B-H curve of ferromagnetic materials. Exci-
tation coils drive the core periodically into satu-
ration. Pick-up coils located on the same core
measure changes of the magnetic flux inside the
core via the induced voltage. This sensor exhib-
its the higher harmonics of the excitation fre-
quency due to the non-linear B-H behavior. The
even harmonics (2f, 4f,...) in particular de-
pend on the external magnetic field, which is ap-
plied parallely to the axis of the core. Soft mag-

netic materials like nickel-iron alloy, with a

small hysteresis, low values of saturation mag-
netization and high values of relative permeabili-
ty, are commonly used for the core.

The fluxgate sensor shown in Fig. 1 consists
of two parallel core supports. The sensor is used
in classical voltage output. Ferromagnetic core is
placed in the slot of each core support that also
serves as a bobbin for the excitation coin. The
pick-up coil is located in the outside of the exci-
tation coil. For the symmetry is of great impor-
tance, the excitation coil is winded on a toroid
winding-machine. The excitation coil is used to
excite the magnetic core and thereby to change
the magnetic susceptibility of the core. A pick-
up coil is made to compass the excitation coil and
to pick up leakage flux from the core. Ideally,
this flux is only produced when the core is ex-
posed to an external field”!. When the excita-
tion coil is driven by a sine voltage, the out sig-
nal from the pick-up coil can detect which ingre-
dient of the second-harmonic is directly propor-

tional to the external magnetic field.
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Fig. 1 Structure scheme of fluxgate sensor

3 Interface circuit design of flux-

gate sensors

The interface circuits generate the excitation
voltage, detect the even harmonics of output
voltage of the fluxgate sensor and operate the
sensor in open-loop. So the include driving and
pick-up circuits. The block diagram of the flux-

gate interface circuit is shown in Fig. 2.
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waveform). The driving circuit can generate a
sine voltage with a frequency of 1. 165 kHz. The
pick-up circuit has the functions of excluding
noise signals and extracting the second harmon-
ic. All harmonic of fluxgate has the feature of
phase sensitivity"™. Therefore, filtration and
phase-sensitive demodulation are the main func-
tions of pick-up circuits. In these circuits, the
band filter is adopted for filtrating. At first, the
signal is transmitted to the switch-mode phase-
sensitive demodulation. Then it passes the low-
pass filter; finally output signal is obtained. As
a result, the output signal is directly proportion-
al to the external magnetic field""?,

The whole circuit has been simulated, based
on the model of 0. 6 pm DPDM P-sub Brief
Process. The voltage supply was 5 V. Fig. 3
shows the results of simulation.

The signal of Sin out is the excitation wave
from the excitation circuit. The signal of Sen-
sors out is the simulated wave of the model of
the sensor probe. The Multiplier out is the out-
put signal of the multiplier. The PSD out is the
output signal from the phase-sensitive demodula-
tion. The U out is the final signal. From Fig. 3
we can see that the system tends to balance in

0.014 s.

t/s

Fig. 3 Simulative results of full system

This interface circuit includes 396 MOS
transistors, 13 operation amplifiers, 1 boosting
reference current resource, 1 comparator and 1
multiplier. It has a sine wave generator,a phase
shifter, a frequency multiplier, a band filter, a
low-pass filter and phase-sensitive demodulation
device. Fig. 4 is the practical picture of the flux-

gate interface circuit.

Fig. 4 Practical picture of fluxgate interface circuit

The system is built on a printed circuit
board. External devices like resistors and capaci-
tors are used for adjusting some bias levels. The
sensor and the ASIC are connected with shielded
cables of non magnetic material. The experimen-
tal set-up consists of a solenoid, a current source
and a digital voltmeter. Fig. 5 shows the output
signal of the system for magnetic fields between
—90 pT and + 90 uT.

The data of the system is summarized in Tab. 1.
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Fig. 5 Output signals of system vs magnetic fields

Tab.1 Data of fluxgate interface ASIC

Voltage supply 5V
Excitation frequency 1. 165 kHz
Measurement range +90 uT

System sensitivity 16.5 mV/uT
Power consumption 35 mW

Area 2 mmX2 mm
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