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A Hall sensor array system for magnetic field detection and analysis is realized in X-FAB 0.18 µm CMOS technology.
Magnetic field detection is attributed to the magnetization of metal coils to metal particles and the sensing characteris-
tics of Hall sensor array. The system put forward a complete solution from Hall sensors, analog front-end circuit (AFE),
analog-to-digital converter (ADC) to Microcontroller Unit (MCU). Using Ansoft Maxwell and COMSOL Multiphysics
software for simulation verification, the minimum diameter of magnetic particles that can be detected in the system
is 2 µm. The measured SNDR, SFDR and ENOB of the proposed ADC are 70.61 dB, 90.08 dB and 11.44-bit. The
microsystem based on STM32 combines hardware and software design, which can effectively adjust the motion pa-
rameters and realize the real-time display in the LCD screen of the magnetic field and voltage information. Compared
to the prior system, the portability, cost and efficiency have been considerably improved, which is aimed at the rapid
measurement of heavy metal particles such as Fe, Co, Ni, etc. in ambient air and blood.

I. INTRODUCTION

In recent years, with the acceleration of the construction
of industrialized cities and the rapid economic development,
people’s quality of life is facing challenges at the same time1.
Due to the influence of large-scale industrial production and
unreasonable exhaust emissions, the types and concentrations
of particulate matter in ambient air are increasing year by
year. In addition to the common atmospheric particles, PM
2.5, the pollutants in the air also contain heavy metals. Re-
search shows that if human beings are in the environment of
air pollution for a long time, the accumulation of heavy metals
in the respiratory system will affect the lung and other organ-
s, resulting in serious systemic diseases such as pulmonary
failure2. If magnetic metal and metal oxide particles enter the
brain with the respiratory tract and adhere to the cerebral cor-
tex, it can lead to Alzheimer’s disease3,4. Besides, for Na, K
and Ca and other heavy metal ions in the blood, the detection
process are complex, expensive, not suitable for emergency or
self-detection5. It is of great practical significance for taking
the effective means of monitoring of heavy metal particles6.
The existing monitoring technologies of particles are main-
ly divided into two types: sampling and non-sampling. The
sampling types mainly include the weighing method, Tapered
Element Oscillating Microbalance method (TEOM) and β -ray
attenuation method7,8. The non-sampling types can be divid-
ed into light transmission method, light scattering method and
blackness method. In the selection of application methods, the
TEOM method is the mainstream choice with high accuracy,
but it requires working under constant temperature and humid-
ity conditions and equipment is expensive and depends on im-
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ports. The β -ray attenuation method is also a very commonly
used method with a low maintenance cost. However, there are
shortcomings such as high cost, slow response speed, and low
accuracy9. The non-sampling method uses the physical and
chemical characteristics of particles to measure the concentra-
tion of particles, which is not accurate enough, but it is very
suitable for on-line monitoring. A spectrophotometry system
for on-line measurement of Fe, Mn and Cr in environmental
PM 2.5 with a time resolution of 2 hours has been proposed
in the literature10. The monitor inhales and concentrates par-
ticulate matter into a slurry sample, and then measures metal
concentration in the surrounding coarse particles using a mi-
crovolume flow cell (MVFC), which can be measured contin-
uously and with high accuracy. However, this system has a
long waiting time and complex operation steps, which is not
conducive to large-scale promotion. A new method for PM
2.5 recognition was proposed based on a super-resolution op-
tical neural network, which has very high accuracy, but the
high-resolution scanning electron microscopy is expensive11.
Refs. 12 designed a digital monitoring system that is integrat-
ed with parameters of temperature, humidity, wind speed and
direction for particulate matter based on the Internet of Things
(IoT), using off-the-shelf sensors as the sensing elements to
construct the microsystem. There is a trade-off between high
accuracy, high efficiency and low cost in the existing systems.
The proposed particle measurement system uses the magnetic
method, and the non-contact measurement mode not only en-
sures the reliability of data but also realizes online measure-
ment. As long as the particles are located near the sensor, the
sensor can immediately sense the existence of particles and
trigger the change of the output voltage value, without wait-
ing time, which improves the efficiency of data processing.
The magnetic sensor based on Si material can be compatible
with the CMOS process, which creates an opportunity for the
sensor and AFE to be integrated into a single system on chip
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(SoC)13. The volume of the instrument is small and the price
is cheap, which brings hope to mass production.

Among the magnetic sensors, the Hall sensor is widely
used14–17. Hall sensor is a kind of device based on Hal-
l effect18,19. It can detect the change of the magnetic field
and transform the magnetic signal into electrical signal out-
put. In recent years, integrated Hall magnetic field sensors
with high reliability, low cost, low power consumption and
strong anti-interference ability have been widely used in in-
dustrial automation, instrumentation, automotive industry and
consumer electronics. Hall sensor also plays an important
role in ship magnetic flux leakage detection, distance detec-
tion and elevator field data acquisition. At present, many u-
niversities and research institutions have a new understanding
of the special application field of Hall sensors20,21. For exam-
ple, a chip based on the Hall sensor have been proposed for
estimating biomedical determinations labeled with magnetic
beads22. It utilizes a short time constant that is achievable with
modern sub-micron CMOS technology to perform relaxation
field measurements. The system provides a feasible scheme
for the measurement of magnetic particles. The SoC for rapid
blood monitoring was designed using the Hall sensor, which
provides a rapid and low-cost tool for disease screening5. A
sandwich detection scheme based on magnetic bead was used
to prefix the antibody on the surface of Hall sensor. After the
antibody captured the biomarkers on the magnetic beads, the
Hall sensor array based on CMOS converts the biomolecular
signal into electrical signal. For distance detection or particle
detection, non-destructive and non-contact detection method-
s can greatly improve reliability. Therefore, using a stable
and economical scheme to detect and analyze the distance or
magnetic particles is of great significance in protecting human
health and improving the quality of life.

This paper is organized as follows: The sensor array as-
sembly design is present in Section II, while the design of the
hardware and software circuit system is given in Section III,
which includes three sub-branches: analog front-end circuit
(AFE), digital ADC and MCU microsystem program. The ex-
perimental results are shown in Section IV. Finally, Section V
draws a conclusion.

II. SENSOR ARRAY ASSEMBLY

Hall devices are divided into vertical Hall device (VHD)
and horizontal Hall device (HHD). The horizontal Hall device
was first proposed with mature research technology and high-
er sensitivity. In this design, a square horizontal Hall device
is selected as the sensing unit, as shown in Fig. 1(a). The Hall
plate has four contact ports. The two diagonal ports are a pair.
When one pair of ports is the excitation electrode, the other
pair of ports is the Hall voltage output port. When detecting
the magnetic field, the Hall electrode can sense the magnet-
ic field perpendicular to the Hall plate and generate the Hall
voltage only by connecting the bias electrode with a voltage
source or a current source. The output voltage of the Hall
sensor can be expressed as Eq. (1):

VH = RH
I ·B

t
. (1)

where I is the bias current, t is the thickness of the doped
ion region, B is magnetic field, and RH is the Hall coefficien-
t. The depth of the active region of Hall device fabricated by
the CMOS process is relatively shallow, and the doping con-
centration in the region is Gaussian distribution. According to
the above formula, the smaller t is, the greater Hall voltage is,
so the CMOS process is very suitable for horizontal Hall sen-
sor. When the DC voltage source is selected as the excitation
source, the voltage related sensitivity of the sensor is obtained
in Eq. (2):

SV =
VH

VDDB
. (2)

where VDD is the supply voltage. The working principle of
the Hall sensor includes magnetic field and electric field, so
it is necessary to build a suitable magnetoconductance model
to realize the coupling of the magnetic field and conductivity.
In the simulation, we set the conductivity to tensor mode, the
magnetic field is included, which can make the magnetic field
change and affect the conductivity of the device at the same
time, so as to simulate the Hall effect18.

The inherent magnetic field of most of the metal particles
in the air is too weak to cause significant changes in the output
of the sensor. How to enhance the magnetic field around the
particles to make the sensor produce enough output becomes
the key problem to be solved in this design. The proposed
design puts forward an innovative solution to the problem-
s mentioned above: depositing a layer of a metal coil on the
back of the chip. After the metal coil is electrified, current will
be generated, and then a magnetic field will be generated ac-
cording to the electromagnetic effect, thus the environmental
magnetic field will be generated to magnetize the metal parti-
cles. The magnetized metal particles will be adsorbed on the
chip surface and cause the output voltage of the Hall sensor to
change. For the detection of particulate matter, the Hall array
is adopted in this paper.

1) If a single large Hall plate is used, the magnetic field gen-
erated by the coil is not uniform on the Hall plate, which leads
to different magnetic fields reflected by the voltage measured
at different positions, thus it is impossible to judge the situa-
tion of particles. The accuracy and uniformity of this method
need to be improved;

2) If the small Hall plate is used, the larger size particles
can not be measured, and the upper limit of the number of
particles that can be measured at one time is reduced, which
is greatly affected by random and accidental factors, which
will lead to the decrease of the credibility of the measurement
results.

Considering the above two aspects, the design adopts the
form of Hall plate array and the Hall plate with a smal-
l area, which approximately considers that the magnetic field
in the plate is uniform23. The number of particles in a wide
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FIG. 1. Schematic design of Hall array and back coil design. (a)
single square Hall sensor; (b) 8×8 Hall array composed of 64 Hall
sensors; (c) The diagram of metal coil placed on the back of the chip.

range can be measured by using multi-chip array measure-
ment, which has good performance against random and acci-
dental factors. As shown in Fig. 1, the designs of Hall array
and back coil by COMSOL Multiphysics software are shown.

In the design, the Hall array is divided into two group-
s, which differ only in the presence or absence of particu-
late matter. One group of sensor array with particles is used
to measure the magnetic field changes when particles exist,
while the other group is used to record the interference of geo-
magnetic and other environmental magnetic fields. The design
parameters and simulation environment of sensors and metal
coils in the two groups are the same. The difference in the
output voltage of the sensors at the corresponding positions
on the two Hall arrays is the voltage change that represents
the magnetic field variation caused by the particles.

When the material is magnetized by the external magnet-
ic field B0, the additional magnetic field B′ is generated, and
the total magnetic field B = B0 + B′. Materials are divided
into three parts: paramagnetic materials, diamagnetic mate-
rials and ferromagnetic materials. The additional magnetic
field produced by paramagnetic and diamagnetic materials is
very small, which is generally not considered. Therefore, this
project is focused on ferromagnetic materials such as Fe, Co,
Ni, etc. are mainly considered in this project because of their
high permeability. Besides, the surface oxidation of materials
and alloy problems need to be considered, which need to be
further verified by experiments.

III. CIRCUIT DESIGN

A. Design of Analog Front End Circuit

The analog front-end (AFE) circuit includes a spinning cur-
rent circuit, differential amplifier, common-mode feedback
network and two-stage chopper circuit. As shown in Fig. 2, it
is the frame diagram of AFE. Due to the interference of non-
ideal factors such as process variation, asymmetric structure
or inhomogeneous doping, some inherent offsets exist in Hall
sensors, which leads to the output Hall voltage not being ze-
ro when the applied magnetic field is zero24,25. The spinning
current circuit can be used to eliminate the misalignment error
and flicker noise of the Hall sensor dynamically. As long as

the clock frequency is set properly, the change of the magnet-
ic field is much slower than that of the clock frequency. The
spinning current circuit complements the periodic change of
clock to control whether the MOS transistor is on, thus chang-
ing the power supply direction and output port. The output
Hall voltage changes periodically with the phase change of
bias voltage, but the offset voltage is inherent. This offset volt-
age can be eliminated by using a spinning current circuit26,27.
The result of subtracting the voltage measurements between
different phases is twice the Hall voltage. Due to the perfor-
mance requirements of the ADC module, Hall voltage must be
amplified to a certain range before the analog-to-digital con-
version can be carried out28. The bias circuit is composed of a
bandgap reference and a current mirror to provide various bias
voltage values required by the amplifier. But the amplifier cir-
cuit will introduce additional offset and noise, so we need a
two-stage chopper circuit to modulate the offset and noise in-
troduced by the amplifier circuit to high frequency, which is
convenient for the subsequent low-pass filter circuit to filter
out the high-frequency noise. Due to the process problems,
the static operating point of the fully differential amplifier cir-
cuit is often unstable, so the common mode feedback circuit
is needed to stabilize the static operating point so that all the
transistors of the amplifier can work normally in the saturation
region. As a transition module between the analog front-end
circuit and ADC, buffer plays an important role in increasing
load capacity. The circuit model of Hall sensor adopts the
equivalent Wheatstone bridge structure of resistance divider
type in Refs. 5.

Hall Sensor

Current 

Spinning 

Circuit

First-Order

Chopper

Second-Order

Chopper

Common-mode Feedback

Bias Circuit

Amplifier

LPF&ADC

FIG. 2. The composition diagram of analog front end circuit.

B. Design of Digital ADC

In the case of high-speed ADC, this paper proposes to
use digital PWM delta-sigma ADC to convert the analog
signal into a digital signal, which improves the ability of
anti-noise and anti-distortion and reduces the area and power
consumption29–31. In this circuit, “dout” is 12 bit ADC output
and “rcctrl” is used to output PWM voltage and connect with
the input of the RC network. The “rcout” is the filtered analog
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voltage output from RC network and connected to the negative
end of the comparator. If the comparator output is logic “1”,
the analog input is higher than the output voltage of the RC
circuit. The logic “1” is sampled by the trigger and feedback
to the RC circuit, which makes the output voltage of the RC
circuit rise, that is, the negative terminal voltage of the com-
parator rises. If the output of the comparator is logic “0”, then
the feedback signal will be logic “0” and the the RC output
voltage will be reduced, that is, the negative terminal voltage
of the comparator will drop. Through this simple feedback
mechanism, the output value of the RC circuit will “track” the
frequency of analog input. The time constant τ = RC should
be large enough to filter out the high-frequency part of PWM,
but not so large as to suppress the response time32. In this
design, the capacitance value is 561 pF, the resistance value
is 60 kΩ, that is, τ = 3.366 µs, and the clock is 50 MHz. In
the simulation of the digital module of the analog-to-digital
converter, eight accumulators are used to delay the sampling
period of ADC one by one to increase the sampling frequency.

C. MCU Program

A micro-system needs a master chip to complete a series of
operations and control. After analog front-end circuit process-
ing and ADC sampling, the conversion process of Hall voltage
and magnetic field strength needs to be completed by MCU33.
At the same time, the detection and data display of magnetic
field information also need to be judged by the master chip,
control the movement of the stepper motor, realize the com-
munication between master chip and PC, and complete the
real-time display of LCD1602. Due to the advantages of high
precision, low power consumption and strong expansibility,
the STM32F103ZET6 chip is selected as the main control
chip in this design. As shown in Fig. 3, it is the composition
and structure framework of the whole microsystem. In the
design, the power supply voltage of the stepper motor drive
module, Hall sensor module and STM32 series MCU module
are 12 V, 5 V and 3.3 V respectively. DC stabilized power
supply circuit is generally composed of transformer module,
half-wave rectifier circuit, LC or LC Π or RC Π filter cir-
cuit and voltage stabilizing circuit. After 220 V AC voltage
passes through a single-phase bridge rectification circuit and
then passes through an LC filter, a DC power supply can be
obtained. The LM2596 switching regulator is used in this mi-
crosystem to change 12 V DC input into 5 V DC output, and
then realizes the conversion of 5 V DC voltage input to 3.3
V DC voltage output through the AMS1117 linear regulator
chip.

The software design of the magnetic field detection system
consists of two parts: the upper computer operation interface
and the lower computer control program. The main functional
requirements of the upper computer are to complete the serial
communication protocol setting, the motion parameter setting
of the lower computer, the control of the motion direction, the
data storage and real-time display of the magnetic field size
and position information. For different objects to be measured
and different measurement requirements, the scanning speed,

step size, sampling point and other parameters of the corre-
sponding sensor are different. The setting of the upper com-
puter needs to realize the detection automation to the greatest
extent. Due to the limited length of the mechanical slide rod,
it is necessary to set the endpoint of motion. After the sensor
reaches the endpoint, the motion mode of the stepper motor
changes from forward to reverse and returns to the starting
point again. As shown in Fig. 4, it shows the program design
flow of the upper computer control software.

The controller of the lower computer is the main control
chip, STM32F103 series microcontroller. The design of the
lower computer is used to realize the motion control func-
tion of the stepping motor, the communication between the
upper computer and the lower computer, the data acquisition
and the realization of the motion scanning algorithm. In the
design process of the algorithm, the coordination between the
function realization of each module and the three-dimensional
mechanical motion platform should be considered. As shown
in Fig. 5 is the flow chart of the lower computer control pro-
gram.

IV. EXPERIMENT AND RESULTS

A. Sensor Array Assembly

The Ansoft Maxwell 16.0 is professional electromagnetic
simulation software, which can easily simulate the magnetic
field changes caused by particles. As shown in Fig. 6, it is
the simulation to compare the change of magnetic field with
or without a nickel particle. On the left is the magnetic field
generated by the electromagnet, and on the right is the mag-
netic field change when a nickel particle with a diameter of 2.5
µm is placed in the same magnetic field environment. It can
be seen that there is an obvious magnetic field enhancement
effect near the nickel particle.

The Hall sensor is a kind of device based on the Hall effect,
which is the key to realize magnetoelectric conversion. How-
ever, Maxwell software can not simulate the Hall effect, be-
cause the phenomenon involves the coupling problem of elec-
tric field and magnetic field. The COMSOL Multiphysics is
a multi-physical fields simulation software, which can realize

Magnetic VoltageHall Sensor AFE 

Digital

data STM32

Ctrl chip

Stepper 

motor

driver

Mechanical 

slides

3D motion 

platform

LCD 

display

B V

Power supply

FIG. 3. Structural framework of micro system based on Hall sensor.
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the coupling and modeling of multiple physical fields such as
electric field, magnetic field, acoustics, thermodynamics and
material chemistry. In this software, we can easily establish
the relationship between electromagnetic fields by introduc-
ing anisotropic conductivity. Besides, in order to avoid sim-
ulation error of single software, multi-software simulation is
also necessary. In this paper, Maxwell software simulates the
magnetic field changes caused by particles. The COMSOL
Multiphysics software is to put the particles into the Hall ar-
ray and obtain the output voltage variation. The Hall effect
can realize the conversion between magnetic signal and elec-
trical signal. The magnetic field change caused by the exis-
tence of particles is converted into voltage change by the Hall
array.

The software version used in the simulation is COMSOL
multiphysics 5.5. In this model, a 2×2 µm square Hall device
with a thickness of 0.5 µm is selected as the sensing element.

Yes

Yes

Begin

Initialize

Is initialization 

complete?

Open serial port

Whether finish 

running or not?

Exit

No

No

Enter the main 

program

Set motion 

parameters

Speed Step length Distance
Forward / 

reverse rotate
Fault

Start moving

Magnetic  data Position data

Save data LCD display

FIG. 4. The flow chart of the user-interface software.

If the size of the Hall device is too large, when the magnet-
ic field enhancement area produced by the particles is equal
to the size of sensor, the Hall voltage may have little or al-
most no change because the perceived area of the Hall device
is too small. Therefore, the size of the Hall device had bet-
ter to be equal to the size of the particles. Only in this way
can the Hall sensor output voltage be significantly enhanced.
To be compatible with the CMOS process and realize on-chip
integration, the sensor uses Si material with N doping, which
the concentration is 1017cm−3. The triangle area of the four
corners of the square is selected as metal to form an ohmic
contact with the semiconductor. The power supply voltage of
a single Hall device is 5 V, and the measured voltage relat-
ed sensitivity is about 0.11 V/V/T. The distance between Hall
devices is 2 µm. To obtain a larger Hall voltage as much as
possible, the parameter setting of the metal coil needs to meet
the condition that the coil can produce a magnetic field that is
perpendicular to the Hall device, and the magnetic field is at
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FIG. 5. The flow chart of MCU control program.
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least one order of magnitude larger than the geomagnetic field.
After parametric scanning in the COMSOL multiphysics, we
selected the width and the height of the coil cross-section to
be 9 µm and 4.5 µm. As shown in Fig. 7, it is the 3D COM-
SOL technologically constructive model. This software has
the function of mesh calibration and pre-defined, which can
automatically adjust and optimize the simulation. The user-
defined mesh mode is used in the whole model, which can
make the simulation more accurate. Following the principle
that the smaller the volume, the more precise the mesh, we
selected the predefined mesh sizes of particles and sensors to
be “extra fine” and “finer”. The volume of the metal coil is the
largest, and its mesh can be set coarser. To reduce the calcula-
tion time, the minimum mesh cell of the metal coil is defined
to be consistent with the size of the Hall devices. Therefore,
the minimum mesh cell parameters of particles, sensors and
metal coil are 0.45 µm, 1.2 µm and 2 µm respectively.

The distance between the particles and the sensors should
not be too large, because the magnetic field generated by the
particles is relatively small. If the distance is too far, the sen-
sor will not detect the existence of particles. Due to the pro-
cess of chip manufacturing and packaging, the distance be-
tween particles and the Hall array can not be too close. It
should be noted that the output voltage of Hall sensor will
fluctuate due to the interference of the geomagnetic field and
the presence of magnetic field noise generated by nearby pow-
er equipment. In this design, the distance between the particle
and the sensor is set to 3 µm, which ensures that the sen-
sor array can produce as much output voltage as possible in
the measurable range22. The relative permeability of the par-
ticles is 4000. During simulation verification, when applied
30 mA bias current to the proposed metal coil, it can gener-
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FIG. 6. The existence of particles causes the enhancement of en-
vironmental magnetic field. (a) The magnetic field distribution di-
agram; (b) the magnetic field size without particles (left) and the
magnetic field size with particles (right).
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FIG. 7. The 3D COMSOL meshed models of Hall array, metal coil
and particles. (a) The mesh of metal coil; (b) The mesh of Hall array;
(c) The mesh of particles.

ate about 10−4−10−3 Tesla magnetic field and microvolt level
Hall voltage.

The diameter of particle A is 1 µm, and that of particle
B is 2 µm in Fig. 8. In the simulation process, B keep still
and gradually reduce the distance between the two particles.
First of all, after the particles are magnetized, an additional
magnetic field will be generated in space, this magnetic field
intensity is about 1−20 µT; secondly, the additional magnet-
ic field generated by the magnetized particles will be detected
by the nearby Hall sensors, which will convert the magnet-
ic variation into the change of output voltage. The voltage
change is about 1−4 µV. The output voltage signal is discrete
data, so the stereogram below Fig. 8 is used to represent the
voltage difference between the two Hall arrays, that is, the
voltage change caused by particles. In Fig. 8(a), the sensor
voltage variation near particle A is 1 µV, and the sensor volt-
age change value near particle B is 2 µV. From Fig. 8(a) to
Fig. 8(c), particle A gradually approaches particle B. because
the distance between the two particles is always large and the
interaction between particles is weak, the sensor output near
particle B remains unchanged. When two particles are close
to each other, as shown in Fig. 8(d), particle B is affected by
particle A, and the output variation of the Hall sensor nearby
is about 3−4 µV. It can be seen from the simulation result-
s that the larger particle size causes greater voltage variation.
For the same Hall sensor, when two particles are close to each
other, the Hall voltage is significantly higher than that when
only one particle exists.

The application scenario of this microsystem is that the air
complexity is relatively light. In this case, the particle size
is very small, and the distance between particles is generally
much larger than their size. In this case, the interaction be-
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FIG. 8. The voltage output of the hall array varies with the position of the particles (The particle with a diameter of 2 µm are fixed at
coordinates (5, -5)). (a) Particles with diameter of 1 µm are located at coordinates (0, 15); (b) particles with diameter of 1 µm are located at
coordinates (0, 10); (c) particles with diameter of 1 µm are located at coordinates (-5, 0); (d) particles with diameter of 1 µm are located at
coordinates (0, 0).

tween particles can be ignored. The experimental results also
verify this conclusion. In Fig. 8(a) and Fig. 8(b), the distance
between the two particles is about 20 µm and 10 µm. As the
distance decreases, the output voltage of the Hall sensor near
the particles below does not change.

The minimum voltage resolution of the analog front-end
circuit in this design is 1 µV for the input signal, so the 1 µV
voltage value is used as the dividing line in the sensor sim-
ulation design. In the simulation design of COMSOL, metal
particles are artificially added to simulate the metal particles
in the air. The results show that when the particle size is 1 µm
or less, the output Hall voltage is as low as 1 µV. Therefore,
we consider that the minimum diameter of detectable magnet-
ic particles in the proposed system is 2 µm.

The material used in this model is Si. When the bias voltage
of Hall devices is 5 V, the output of 64 Hall devices is several
microvolts. The GaAs material has a wide bandgap and ex-
cellent temperature characteristics, which is suitable for the
design of high sensitivity Hall sensors. In theory, the output
of Hall devices can be increased by 5−6 times by changing
into GaAs material, so that the Hall voltage can exceed 10
µV. However, due to the incompatibility between GaAs mate-
rial and the CMOS process, the sensor can only be integrated
off-chip, which will greatly increase the complexity and cost
of the design. Hall sensor based on Si material is compatible
with the CMOS process, and has a long history, the technol-
ogy is mature, so in consideration of reliability and cost, this
model adopts Si material.

B. Circuit Performance

The amplifier circuit is mainly composed of a differential
amplifier circuit, common mode feedback circuit and bias cir-
cuit. The amplifier is a single-stage full differential amplifier
with common mode feedback. The main body of the amplifier
is a folded cascode structure to increase the swing of the out-
put voltage. According to the characteristics of digital ADC,
the amplification requirements of the analog front-end circuit
can be reduced. The simulation results of the main perfor-
mance index of the circuit in Cadence are shown in Fig. 9(a).
The experimental results show that the small-signal gain is
40.869 dB, the phase margin (PM) is 68.109◦ and the band-
width is 3.04 GHz. The common-mode rejection ratio (CM-
RR) of the circuit is 64.349 dB. It can be seen that the ampli-
fier is very stable. It is not necessary to worry that the input
change of the sensor will affect the amplifier magnification.
The results show that the output noise of the analog front-
end circuit is stable at 25.528 pV2/Hz when the frequency is
greater than 100 Hz as shown in Fig. 9(b). The overall pow-
er consumption of the analog front-end circuit is 2.16 mW,
which is greatly superior to the result (4.2 mW) of the analog
readout circuit of the Hall sensor system designed by the same
process in Refs. 34. In this paper, the sampling frequency of
the proposed digital ADC is 12 bit/1.31ms. After the simula-
tion, the results of ADC are shown in Fig. 9(c). The spurious
free dynamic range (SFDR) is 90.0812 dB, signal to noise and
distortion ratio (SNDR) is 70.6142 dB and the effective num-
ber of bits (ENOB) is 11.4448-bit. Table I shows the summary
of readout circuit performance.

Because STM32 has advanced clock management, excel-
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FIG. 9. Simulation results of analog front end circuit. (a) Amplitude frequency characteristic of operational amplifier; (b) Noise response
curves of operational amplifier; (c) The output spectrum results of ADC by FFT.

TABLE I. Summary of full readout circuit performance.

Technology 0.18 µm CMOS
Magnetic Particle Size 2 µm (Diameter)
Sensitivity 0.28/T (Sensor element)
Power 2.16 mW (AFE)
Amplifier Architeture Differential Difference
Gain (Av) 40.869 dB (Amplifier)
Phase margin (PM) 68.109◦ (Amplifier)
Bandwidth 3.04 GHz (Amplifier)
CMRR 64.349 dB (Amplifier)
SFDR 90.0812 dB (ADC)
SNDR 70.6142 dB (ADC)
ENOB 11.4448 bits (ADC)

lent power supply and high-performance ADC with fast sam-
pling, we can not only improve the real-time performance of
data acquisition but also increase the reliability and accuracy
of data. With necessary experimental verification, the real-
time data displayed on LCD1602 screen when the microsys-
tem works normally. The interval between each refresh of
LCD is 1.34 seconds, which is convenient for users to observe
and does not affect the continuous sampling of data. After the
software simulation and debugging, the whole module work-
s normally. The signal detected by the Hall sensor can be
collected online in real time. The expected data acquisition
function is achieved, and the collected value can be displayed
in LCD1602 in real time. The reasonable design of the circuit
can effectively reduce the overall cost and power consump-
tion of the module, which is a good choice for particle detec-
tion and distance measurement. With the development of the
integrated circuit industry and the efforts of researchers, the
microsystem based on Hall sensor will be integrated, easy to
operate and portable, providing new guarantee for the better
life of human beings.

V. CONCLUSION

This paper proposes a solution to detect particulate matter
using magnetism. This method can achieve non-contact mea-
surement, convenient, efficient and high accuracy. The pro-
posed Hall array greatly improves the measurement sensitivi-
ty, and the simulation results show that the detectable particle
diameter is as low as 2 µm. The main control chip adopts
the smallest system board of STM32F103 series microcon-
troller supported by 3.3 V power supply voltage, which has
the advantages of high performance, low power consumption
and strong expansibility, and the design of voltage stabilizing
module and serial communication module makes the stable
transmission of magnetic data. The microsystem has com-
pleted the cooperative operation of software and hardware and
can realize the scanning and detection of space magnetic field
signal. During the scanning process, the magnetic field infor-
mation can be displayed on the upper computer and LCD1602
in real time. The experimental results show that the detection
system works well and the data is correct, which can effective-
ly collect the space magnetic field data. The whole detection
system is stable and efficient, and the measurement results are
intuitive and accurate. Nowadays, people pay more attention
to health and have a higher pursuit of the quality of life. The
design of this paper has a strong application value for the real-
time rapid detection of heavy metal particles in the air and
blood analyzer. It is hoped that this design can provide some
new ideas and new directions for society to solve the problems
in these two application fields.
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