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Abstract: Linear Hall sensors are widely used to measure magnetic field strength, but there are few studies on the dynamic response
characteristics of Hall sensors. To tackle this issue, a testing platform for the frequency response characteristics of linear Hall sensors was
built, which was composed of a controllable constant current source, coils, linear Hall sensors, a low noise amplifier, and a data
acquisition device. The system transfer function was constructed and a method of dynamically updating the transfer function was proposed ,
which realizes the accurate measurement of the dynamic response characteristics of Hall sensors. The dynamic characteristics of NHES20F
and P3A were tested on this platform. The results showed that the performance differences in amplitude-frequency and phase-frequency
characteristics of these Hall sensors in the range of 2.5 kHz — 2 MHz were fully reflected on this testing platform. The dynamic
characteristic parameters of Hall sensors were not necessarily consistent with the static characteristic parameters of Hall sensors, and the
distributions of dynamic characteristics were also different. Additionally, according to the amplitude-frequency and phase-frequency
characteristics of Hall sensors measured under various temperature and humidity conditions, the average dynamic characteristic curves and
three standard deviation envelope curves of Hall sensors were plotted. The data obtained by this testing platform are of great significance for
the research of dynamic response characteristics of Hall sensors.
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. calibration method has been applied to power system. The
0 Introduction current transformer using this method can eliminate Hall-1C
The Hall elements are sensors based on Hall effect, DC bias voltage and adopt digital filter to filter noise to

. ] . . . .
specifically designed for detecting magnetic field strength, obtain better accuracy . In microelectronics, highly precise

o .. . . Hall elements facilitate the development of micro devices
direction, and position as well as measuring electric current
These

characteristics of compactness, low power consumption,

as well as microelectronic systems'”. For example, a Hall

magnitude and speed. elements possess

sensor, as an integrated power measurement system of a

. . ) o paranoid circuit, has been widely used in the field of
high precision, and high reliability that render them . . s . o .
microelectronics®. Due to the high sensitivity requirements

extensively  applicable  across diverse  domains

. of Hall sensors in the field of microelectronics, Hall sensors

encompassing scientific research to industrial production’
Their inherent advantages in terms of small form factor,
minimal energy requirements, and high accuracy establish
their indispensability within numerous contemporary
technologies and devices. Therefore, research on Hall
elements and Hall effect has been continuously advancing
to meet the diverse demands of various fields. In power
systems, Hall element-based current transformers are
employed for circuit metering and fault protection”. A

Hall-effect current transformer using automatic DC bias

are also constantly developing to adapt to different needs,
and bismuth-based Hall sensors have been developed,
which have a broad future in the field of microelectronics'”.
Moreover, owing to advancements in sensor technology,
Hall elements are frequently utilized as versatile sensors
capable of measuring magnetic fields, temperatures"”""’,
and other parameters to cater to a wide range of
applications. For example, in the field of power system, the
current transformer based on Hall effect is also developing

towards multi-function: not only can distinguish load
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current and fault current, but also has the function of
measurement and protection, thereby improving the
accuracy and precision of power current measurement"?.,

Current research on Hall elements primarily focuses
on their static characteristics and applications, while
ongoing efforts also explore the dynamic response
characteristics of these elements. The latter refers to
how Hall elements behave and perform under changing
input or operating conditions, encompassing factors such
as response time, stability, temperature sensitivity,
noise characteristic, sensitivity range and f{requency.
The testing platform designed in this work is specifically
for the
characteristics  of Hall

amplitude-frequency and phase-frequency

sensors  because  these
characteristics play a crucial role in their performance
evaluation. Firstly, comprehending the response
characteristics of Hall elements at different frequencies
enables optimization of their design for enhanced sensor
performance across diverse applications. Secondly,
understanding the amplitude-frequency characteristics of
Hall sensors facilitates determination of their applicable
frequency range, thereby expanding their potential
utilization in various fields such as high-speed rotating
detection”,  AC

measurement, etc. In high-frequency environments, the

equipment  speed current
interference of noise on Hall sensors has emerged as a
significant concern. By investigating the amplitude-
frequency characteristics, one can enhance the design of
filters and other circuits to mitigate or eliminate the
impact of noise. The frequency response of Hall sensors
may influence the stability and performance of entire
systems in certain cases. A comprehensive exploration
into these characteristics can facilitate the development
of more stable and reliable systems. Moreover, an in-
depth study on Hall sensor's amplitude-frequency
characteristics holds potential for advancing technologies
by enabling their adaptation to a wider frequency range

14,15

with heightened sensitivity"*'”. Therefore, it is crucial

to accurately measure the dynamic response
characteristics of Hall sensors. Investigating the phase-
frequency characteristics of Hall sensors enables analysis
of their response to input signals at varying frequencies.
Understanding the system's phase characteristics across
different frequencies aids in determining its dynamic
performance, encompassing both response speed and
phase delay"”. 1In certain applications, specific
requirements exist for the response time and phase delay
of Hall sensors. By analyzing the phase-frequency
characteristics, it becomes possible to design within the

frequency domain to meet the performance demands of a

particular application”.

Therefore, we designed a testing platform to measure
the dynamic response characteristics of Hall sensors.
The testing methodology comprises two parts: an
independent performance test and data calculation. The
independent performance test divides the platform into
several modules including a constant-current source
module, a coil module, a low-noise amplifier, and a
data processing module to individually test their dynamic
response characteristics as well as that of the entire
platform. According to the relationship between the
dynamic response characteristics of each module and the
dynamic response characteristics of the platform, the
dynamic response characteristics of Hall sensor can be
obtained by mathematical calculation. By this method,
interference factors in the testing platform can be
accurately stripped out, so that the dynamic response
characteristics of Hall components can be obtained.
Furthermore,  the  temperature and  humidity
experiments on the testing platform were carried out to
judge the stability of the testing platform under different

temperature and humidity environments.

1 Basic theory

Hall element is a type of sensor that detects magnetic
fields based on Hall effect. Its working principle is
illustrated in Fig.1.

Magnetic field B

Vy Hall voltage

Current source I,
Fig. 1 Working principle diagram of Hall element

When a current I, passes through the semiconductor in
the presence of a magnetic field B, charged particles within
the semiconductor experience the Lorentz force. Negative
electrons move in the negative direction along the Y-axis,
while positive electrons move in the positive direction along
the Y-axis. Eventually, they accumulate at both edges of
the semiconductor along its Y-axis, forming an electric
field E. This electric field E generates an opposing force to
counteract the Lorentz force. As more and more electrons
migrate, both electric field strength E and electric field force
increase accordingly until they reach equilibrium with the
Lorentz force. At this point, electron deflection ceases and
electric field E stabilizes. The potential difference Vy across
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both ends of the semiconductor remains constant"”. Thus,

the corresponding Hall voltage calculation formula can be

derived as

IL..B (1)
7

where Vy, is the Hall voltage, R, is the Hall coefficient,

L. 1s the current flowing through the Hall sensor, B is

V=R,

the magnetic flux density, and d is the thickness of the
Hall sensor. Due to its susceptibility to interference and
low signal strength, an amplifier circuit is essential at the
output stage of the Hall sensor. In the testing platform,
Hall sensor is powered by 12 V power adapter with
5 mA current regulative diode.

The testing platform for Hall sensors consists of a signal
generator, a constant current source, a coil for magnetic
field generation, the Hall effect sensor under test, a power
supply circuit for the sensor, a low noise amplifier, and a
data acquisition device. The stanford research systems
model DS345 30 MHz synthesized function generator was
utilized as the signal generator in this platform. This
instrument is commonly employed for generating diverse

waveform signals to facilitate testing as well as research and

development activities. Sine wave signals ranging from
2.5 kHz to 2 MHz are available on this platform. A constant
current source refers to an element or a module within an
electrical circuit that provides a stable current output,
unaffected by load variations and power supply fluctuations.
It plays a crucial role in generating an alternating magnetic
field in the test rig. The testing platform utilizes a constant
current source based on the OPAD541 operational
amplifier'®. The Hall sensors under test are NHE520F -6,
NHES520F-7, NHE520F-8 and P3A. Due to the small
output Vi, of the Hall sensor during operation, which
hampers direct observation and is susceptible to noise
interference, direct measurement of the dynamic response
characteristics of the Hall sensor becomes impractical.
Hence, an output-end low-noise amplifier was employed
to address these challenges"”. The low-noise amplifier
(LNA) could provide a 30 dB gain for amplifying the Hall
output voltage from the Hall sensor . The amplified signal
was then observed through an A/D module and
subsequently transmitted via a microprogram controller
(MCU) and local area network (LAN) for data calculation
on a computer. Fig.2 illustrates the testing platform.

Fig. 2 Hall sensor performance testing platform

In the test rig, the signal generated from the signal
generator passes through a constant current source, a
coil, a Hall effect sensor, and a low noise amplifier in
turn, and then it elicits a distinct dynamic response
characteristic in each module. Consequently, the
observed response characteristic of the Hall sensor is an
outcome of the combined influence of these individual
module responses. To determine the dynamic response
characteristics of the Hall sensor, it becomes imperative

. . , .
to acquire transfer functions for every module's dynamic

response characteristics. Subsequently, by leveraging

mathematical relationships between the transfer
functions of each module and the transfer function of
entire testing platform, and isolating the dynamic
response characteristics of each module from entire
testing platform’s dynamic response characteristics
through  calculation, the  dynamic  response
characteristics of Hall sensors can be obtained. Here, the
frequency response transfer functions of all modules are

setas H, , H,, H; and H,..., respectively, and they are



108 Journal of Measurement Science and Instrumentation

Vol. 15 No. 1, Mar. 2024

decomposed into amplitude-frequency characteristic

A (w) and phase-frequency characteristic ¢ (w) by

=

H(w)=A(w)e". (2)

The transfer function partition diagram is shown in Fig.3.

Signal Uu i U/l :l X X XX ¥4 LNA _—?—f_o
generator [ OPAS41 | = 9 i b
| | Uit /A
.L ____________________ : [sensoi| E 1\ .................... I
L = + ! H, =

Fig. 3 Transfer function partition diagram

The relationship of transfer functions of all modules, the
relationship of phase-frequency characteristics of all
modules, and the amplitude-frequency characteristics of all

the modules are expressed respectively as

NH,(0)H,(w)H;(w)= Hu (@), 3)
pilw)t o (w)+ ¢i(w)=@uu(w), 4)
NA (0)A(w)As(w)= A (w), (5)

where H, is the transfer function of constant current source;
H, 1s the transfer function of Hall sensor, and it is also the
dynamic response characteristic of Hall sensor; H; is the
transfer function of low noise amplifier; H,. is the transfer
function of the testing platform; ¢, is the phase-frequency
characteristic of constant current source; ¢, is the phase-
frequency characteristic of Hall sensor; ¢; is the phase-
frequency characteristic of low noise amplifier; and @, 1$
the phase-frequency characteristic of the testing platform;
A, is the amplitude-frequency characteristic of constant
current source; A, is the amplitude-frequency characteristic
of Hall sensor; A; is the amplitude-frequency characteristic
of low noise amplifier; A, 1s the amplitude-frequency
characteristic of the testing platform; and N is the number
of turns of a coil that produces an alternating magnetic field.
The amplitude-frequency characteristic of Hall sensor is

shown as

A ,= | A result

=, 6
AL AN ©

and the phase-frequency characteristic of Hall sensor is

shown as

P2 = Presue — P17 Ps. @)

The dynamic response characteristics of the Hall sensor
can be obtained by measuring A,, A,, A, @1, ¢; and
¢, and then calculating them by the above equations. In
the process of measuring A,, A, and A, to obtain
accurate measured data, it is imperative to meticulously

process the collected signal at each frequency, employ a

Hilbert transform on the acquired signal for every frequency
by

R 1 +oo U
o= Ty, (®)
TY —l, T
and follow signal analysis by
U, (6)=U,(¢)+jU,(z). 9)

In Eq. (9), the real part is the output signal and the
imaginary part is the Hilbert transform of the output

signal. Based on the Hilbert transform, we can get

., (10)

where |U, | is the amplitude of the output signal at any

Un(tr) - U”Z([r)_‘_ Urlz([r):‘U”

moment ¢, (r=0,1,--+,n).

Subsequently, the signals each every frequency are
collected as U, (z,) , U, (¢,) ,++-,U,(z,) , and then Uo( L),
U.(2,),+,U,1,) can be obtained by Eq. (8) . Substituting
the above values into Egs. (9) and (10), respectively,
Uo(to), Ul(zfl), o U,,(Z,,)and|U1 , U2|, e U,,|canbe

obtained correspondingly.

The amplitude-frequency characteristics at each
frequency can be obtained

U]
’ Uin

A,= : (1)

where| U.,

is the amplitude of the input signal.

2 Experiment

By testing the dynamic response characteristics of the
Hall element, the performance of the testing platform
can be reflected. In this work, the testing platform was
split into a sensor module, a constant current source
module and an LNA module, where the sensor module
is shown in Fig.4 (a) and the actual Hall sensor is shown
in Fig. 4(b). The sensor module can be obtained by
coupling the coil in the constant current source module
with the sensor and its power supply circuit via a
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magnetic field. Since the Hall voltage is proportional to
the current size and the number of coil turns N, its
transfer function is expressed as

U,

I
Eq. (12) is also the dynamic response characteristics

=|A,(w)|e". (12)

of a Hall sensor.

(b) Actual Hall sensor
Fig.4 Hall sensor module

In our work, the following experiments were
conducted to obtain the dynamic response characteristics
of the Hall sensor:

Experiment 1: Measuring the transfer function H,of
the constant current source

The transfer function of the constant current source is
expressed as

HWM21:+MWH&W. (13)
Uy

The schematic diagram of the constant current source
module is depicted in Fig.5(a) , and the actual constant
current source is shown in Fig.5 (b) .

To measure the amplitude-frequency characteristic
A, (w) of the constant-current source module, a sampling
resistor R was connected in series with the coil winding
during the experiment. Additionally, an A/D module was
connected in parallel with resistor R to measure U,. The
amplitude-frequency characteristic was calculate by
IR U/(w)
 UR  UR
Then, the phase difference ¢, between U, and U, was

Al(w) (14)

measured, as shown in Fig. 5 (c), and the voltage
U, across both ends of the sampling resistor within a
{requency range of 2.5 kHz— 2 MHz was measured. The
steps for calculating the amplitude-frequency and phase-
frequency characteristics of a constant current source
module are as follows:

1) Collecting the output signal (U,) of each frequency

using the A/D sampling module.

RUTY
Signal Uy ui R
generator OPA 541
H,

(a) Schematic diagram of constant current source module

Signal generator Output voltage U,

Sampling resistor R

Coil

—

— ,_,.‘

(b) Actual constant current source

(¢) Sampling resistance R

Fig. 5 Constant current module and sampling method

2) Transmitting the output signal to the MCU,
performing Hilbert transformation on the module by
Eq.(8), and analyzing the output signal by Eq. (9) .

3) Calculating the amplitude of the output signal at
every frequency by Eq. (10) , calculating the amplitude-
frequency characteristics of the output signal at every
frequency by Eq. (11), and measuring the phase
difference ¢, between U, and U, at every frequency.

4) Storing the amplitude-frequency characteristics of
output signal at every frequency and the phase difference
between the output signal and the input signal in the
RAM register of MCU.

5) Plotting the results above on the computer and
obtaining the amplitude-frequency characteristic curve
A,(w) and phase-frequency characteristic curve ¢, (@) .

Experiment 2: Measuring the transfer function of the
low-noise amplifier H;,

The transfer function of the low-noise amplifier is
expressed as
={%=Mgmwwi (15)

The schematic diagram of the low-noise amplifier

H;

module is shown in Fig.6(a) , and the actual low-noise
amplifier is shown in Fig.6 (b) .

The steps for measuring the transfer function of the
LNA within a frequency range of 2.5 kHz — 2 MHz are
as follows:

1) Collecting the output signal U, of every frequency
using the A/D sampling module.

2) Transmitting the output signal to the MCU module
for Hilbert transformation by Eq. (8) , and then analyzing
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the output signal by Eq. (9) .

Signal  |U,

1
1
:
generator L
H
]
1
1

(b) Actual low-noise amplifier
Fig. 6 Low-noise amplifier

3) Calculating the amplitude of the output signal at
every frequency by Eq. (10) , calculating the amplitude-
frequency characteristic of the output signal at every
frequency by Eq. (11), and measuring the phase
difference ¢; between U, and Us; at every frequency.

4) Storing the amplitude-frequency characteristics of
the output signal at every frequency and the phase
difference between the output signal and the input signal
in the RAM register of MCU.

5) Plotting the results above on the computer and
obtaining the amplitude-frequency characteristic curve
As(w) and phase-frequency characteristic curve g5 (w)

Experiment 3: Measuring the dynamic response
characteristics of the platform.

Loading NHE520F-6, NHE520F-7, NHES20F-8
and P3A into the testing platform successively to
measure the dynamic response characteristics of the
testing platform under the above three Hall sensors. The
transfer function within the frequency range of 2.5 kHz—
2 MHz can be calculated by

U

Hoewie= 7@ =] A (@) e, (16)
0

The steps for measuring the transfer function within a
frequency range of 2.5 kHz—2 MHz are as follows:

1) Collecting the output signal (U,,,) of every
frequency using the A/D sampling module.

2) Transmitting the output signal to the MCU module
for Hilbert transformation by Eq. (8) , and analyzing the
output signal by Eq. (9).

3) Calculating the amplitude of the output signal at
every frequency by Eq. (10) , calculating the amplitude-

frequency characteristics of the output signal at every
frequency by Eq. (11), and measuring the phase
difference @, between U, and U at every frequency.

4) Storing the amplitude-frequency characteristics of
the output signal at every frequency and the phase
difference between the output signal and the input signal
in the RAM register of MCU.

5) Plotting the data above on the computer and obtaining
the amplitude-frequency characteristic curve A, (w) and
phase-frequency characteristic curve @, (@) .

After conducting the aforementioned experiments,
the amplitude-frequency characteristic A, (w), A;(w)
and A, (w), as well as the phase-frequency
characteristic ¢, (@), ¢;(w) and @, (@) have been
stored in the RAM register of MCU. Consequently, the
data stored in RAM can be accessed by the MCU
module for calculation purposes. The MCU module
calculates the amplitude-frequency characteristic A, (w)
of the Hall sensor by Eq. (6) and determines its phase-
frequency characteristic @,(w) by Eq. (7). Then A, (w)
curve and ¢, (w) curve are drawn on the computer.

Finally, the characteristics of the testing platform at
different different

environments were tested. Firstly, the constant current

temperature and in humidity
source module and LNA module were placed in the
constant temperature and humidity test chamber, and
the sensor module was placed outside the thermostat.
The  amplitude-frequency  and  phase-frequency
characteristics of the Hall sensors were tested at 15 °C
50%Rh, 15 ‘C60%Rh, 15 ‘C70%Rh, 25 ‘C50%Rh,
25 C 60%Rh, 25 C 70%Rh, 35 C 50%Rh, 35 °C
60%Rh and 35 ‘C 70%Rh, respectively. Secondly,
different temperature and humidity data tested at every
{requency were averaged as the reference base. Thirdly,
the standard deviation of these tested data were
calculated. At last, the consistency of the tested data of
the platform was evaluated based on the probability
greater than 99.7 % within 3 standard deviations.

3 Experimental results

The amplitude-frequency characteristic A, of the
constant-current source module and the amplitude-
frequency characteristic A, of the LNA are obtained
based on the experimental procedures described in the
previous section, as illustrated in Fig.7 (a) and (b). It is
evident that the output current of the constant current
source decreases with increasing frequency, and the
LNA can provide stable amplification gain in the high

frequency range, as shown in Fig.7.
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.
0.8}
0.6}
<
0.4}
0.2F
0 L b LT —
10 100 1 000
f1kHz
(a) Amplitude-frequency characteristic A, of
constant current source module
35+ f—
30+
25F
=20}
15¢
10}
5 . ) )
10 100 1000
f/kHz

(b) Amplitude-frequency characteristic A; of low noise amplifier

Fig. 7 Amplitude-frequency characteristics of constant current
source and LNA

The amplitude-frequency characteristics of experimental
platform are measured as depicted in Fig.8 (a) , followed by
calculation of Hall sensor’s amplitude-frequency
characteristics by Eq. (6), as shown in Fig.8(b). It is
evident that the maximum Hall output voltage of the three
Hall sensors occurs at 280 kHz. Moreover, within the
frequency range of 2.5 kHz— 280 kHz, the Hall voltage
exhibits an increasing trend with rising frequency, while
within the range of 280 kHz—1.5 MHz, it demonstrates a
decreasing trend with increasing frequency. Within the
frequency range of 2.5 kHz— 18 kHz, the Hall voltage of
P3A exhibits a decreasing trend with rising frequency,
while within the range of 18 kHz— 2 MHz, it demonstrates
an increasing trend with increasing frequency. It can be
clearly illustrated that NHES20F exhibits favorable
amplitude-frequency characteristics within 20 kHz —
1 MHz. Additionally, in Fig. 8(b), when the testing
frequency is in the range of 2.5 kHz — 38 kHz, the
sensitivity values of the three NHE520F Hall sensors are
arranged {rom high to low as NHES520F -8, NHE520F -7
and NHES520F -6 in turn. This order is consistent with the

order of their sensitivity values in a static environment.

When the testing frequency is in the 38 kHz— 2 MHz range,
the sensitivity values of the three Hall sensors are arranged
from high to low as NHE520F-8, NHES520F-6 and
NHES520F-7 in turn. Within the frequency range of
2.5 kHz— 2 MHz, the sensitivity of Hall sensor P3A is
lower than that of NHES520F.

0.000 02
——NHE520F-6
0.020r ——NHE520F-7
——P3A
——NHE520F-8
2 0.015F
7 <
g
= 0.010r 40.000 01 =
o 3
o 1
S <
£ 0.005f
<
0_

10 100 1000
Jf1kHz
(a) Amplitude-frequency characteristic of sensors test platform
ignoring the effect of system transfer function

—— T 1.8E-5
ool s '
[ ——P3A 11.6E-5
0.006] ——NHES520F-8
e [ ——~uws20r6 ] 11.4E-5
£ 0005 [=hwary ,
£ f 1.2E-5 «
€ 0.004] ! 1 g
= ! 1.0E-5 =
= 0.003} / ] ]
= 3 . 6.0E-6 =
<" 0.002[ 20735730735 30745 503560 [ 1
e \ ! 4.0F-6
0.001 : .
P, S 3 | 12.0E-6
0 |
7 . - L . 0.0E-6
10 18 100 280 1000
f/kHz

(b) Amplitude-frequency characteristic of Hall sensors

Fig. 8 Amplitude-frequency characteristics of entire testing
platfom and Hall sensors

It can be seen from Fig.9 that in terms of the phase-
frequency characteristic ¢, of the constant current source
module in the frequency range of 2.5 kHz — 2 MHz and
the phase-frequency characteristic ¢; of the LNA, there
i1s an increasing phase difference between the input
voltage of constant current source and the current that
generates the alternating magnetic field as the frequency
increases, and the phase of the current that generates an
alternating magnetic field precedes the phase of the input
voltage of constant current source. The output voltage
phase of the LNA exhibits a lag behind the input voltage
phase within the frequency range of 2.5 kHz— 240 kHz,
as depicted in Fig.9(b) , whereas it demonstrates a lead
over the input voltage phase within the frequency range
of 240 kHz—2 MHz.
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(a) Phase-frequency characteristics of constant current
source module
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Fig.9 Phase-frequency characteristics of constant current
source and LNA

The phase-frequency characteristics of the entire
testing platform are illustrated in Fig.10.

— — NHES520F-6
F—— NHES520F-7
— - —NHE520F-8

I

o0

=]
]
E4f
s
2k
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]
) Q<0 Prean>0 L
10 16 100 1 000
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Fig. 10 Phase-frequency characteristics of the platform
(NHE520F)

It can be seen that the output voltage exhibits a phase lag
relative to the input voltage within the frequency range of
2.5kHz—16 kHz, while in the frequency range of 16 kHz
— 2 MHz, and the phase of the output voltage is ahead of
the phase of the input voltage. The phase-frequency
characteristics for the three Hall sensors can be calculated
by Eq. (7) and presented in Fig.11(a), (b) and (c),
respectively. In the range of 2.5 kHz— 80 kHz, the phase

of the output voltage of NHES520F -6 lags behind the phase
of the current that generates the alternating magnetic field,
and the phase of the output voltage of NHES520F -6 is ahead
of the phase of the current that generates the alternating
magnetic field in the range of 80 kHz—2 MHz , as sjown in
Fig.11(a).
35
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Fig. 11 Phase-frequency charactoristics of NHES20F
In the range of 2.5 kHz—100 kHz, the phase of the
output voltage of NHE520F -7 lags behind the phase of the
current that generates the alternating magnetic field, and
the phase of the output voltage of NHE520F -7 is ahead of
the phase of the current that generates the alternating
magnetic field in the range of 100 kHz—2 MHz, as shown
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inFig.11(b).

In the range of 2.5 kHz— 90 kHz, the phase of the output
voltage of NHES520F -8 lags behind the phase of the current
that generates the alternatingmagnetic field, and the phase
of the output voltage of NHE520F -8 is ahead of the phase
of the current that generates the alternating magnetic field
in the range of 90 kHz— 2 MHz , as shown in Fig.11(c) .

By loading the P3A into the experimental platform,
measuring the phase frequency characteristics of the entire
experimental platform, and calculating the phase frequency
characteristic of P3A by Eq. (7) , we can get the phase-
frequency characteristics of the platform (P3A) and phase-
{frequency characteristic of P3A, as shown in the Fig.12.

The phase - frequency characteristic of the entire
experimental platform is illustrated in Fig.12. The output
voltage exhibits a phase lag relative to the input voltage
within the frequency range of 2.5kHz—7.5kHz, while in
the frequency range of 7.5kHz— 2MHz, the phase of the
output voltage is ahead of the phase of the input voltage.
Within the frequency range of 2.5 kHz—2 MHz, only in the
range of 6 kHz— 36 kHz, the phase of Hall voltage of P3A

leads ahead of the current that generates the alternating

magnetic field.
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Fig. 12 Phase-requency characteristics of the platform (P3A)
and phase-frequency characteristics of P3A

Temperature and humidity environmental testing data
are displayed as tested data part and statistical data part,
respectively. Each part contains amplitude-frequency
characteristics and phase-frequency characteristics, and
there are four charts totally. Fig.13 shows the amplitude-
frequency characteristics of Hall sensors under different
temperature and humidity environments.
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Fig. 13 Amplitude-frequency characteristics of Hall sensors at different temperatures and in different humidity environments
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It is divided into 9 subgraphs, each of which contains the
amplitude-frequency characteristics curves of NHE520F -
6, NHE520F-7, NHE520F -8 and P3A. The lines marked
with blue triangles represent NHES20F-8, the lines
marked with black circles represent NHES20F -7, the lines
marked with red squares represent NHES20F -6, and the
lines marked with orange diamonds represent P3A. In the
horizontal direction, from left to right, the temperature
remains unchanged, and the humidity parameter gradually
increases. In the vertical direction, from top to bottom, the
humidity remains the same and the temperature gradually
increases.

Fig. 14 is the statistical analysis diagram of Hall
amplitude-frequency characteristics, which
contains four subgraphs, namely NHES20F-6,
NHES20F-7, NHE520F-8 and P3A. The lines marked
by black squares are average curves, and the lines

sensors’

marked by red dots are curves of positive 3 standard
deviations. The line marked by the blue triangle is a
curve of negative 3 standard deviations. The gray areas
are the floating areas of Hall sensors’ amplitude-
{requency characteristics.

Fig. 15 shows the phase-frequency characteristics of
hall sensors under different temperature and humidity
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environments. It includes 9 subgraphs, each of which
contains the phase frequency characteristic curves of
NHES520F-6, NHE520F-7, NHE5S20F-8 and P3A,
where the lines marked with blue triangles represent
NHES20F-8, the lines marked with black circles
represent NHES20F-7, the lines marked with red
squares represent NHES20F-6, and the lines marked
with orange triangles represent P3A. In the horizontal
direction, from left to right, the temperature remains
unchanged, and the humidity parameter gradually
increases. In the vertical direction, from top to bottom,
the humidity remains the same and the temperature
gradually increases.

Fig. 16 is the statistical analysis diagram of the phase
frequency characteristics of Hall sensors, which contains
four subgraphs, namely NHE520F-6, NHE520F-7,
NHES20F-8 and P3A, where the lines marked by the
black square are the mean curve, and the lines marked by
the red dot are the curves of positive 3 standard
deviations. The line marked by the blue triangle is a
curve of negative 3 standard deviations. The gray areas
are the floating areas of the

phase frequency

characteristics of the Hall sensors.
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Fig. 14 Statistical analysis diagram of Hall sensors’ amplitude-frequency characteristics
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Fig. 15 Phase-frequency characteristics of Hall sensors in different temperature and humidity environments
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4 Discussion

The designed testing platform presents the transfer
functions of all the core components, provides the
measurement methods for all transfer functions, and
deduces the mathematical relationship between them.
On the testing platform,
8(b))
(Fig. 11) of three static sensitivity
parameters of NHES20F were tested. The following

section will discuss the problems encountered during the

the amplitude-frequency
characteristics  (Fig. and phase-frequency

characteristics

testing process, propose improvement measures, and
analyze and evaluate the effectiveness of the constructed
platform.

The presence of noise significantly influences the
accuracy of measurements. Switch-mode power supplies
and power grid systems generate numerous interference
signals. These signals can cause substantial deviations in
tested data at specific frequency points. Introducing
appropriate filtering measures, isolation measures, and
battery-powered measures contributes to reducing
system noise and minimizing measurement errors.

Coils are essential for the magnetic field generator.
The Hall voltage output by the Hall sensor is
proportional to the current in the coil, and the Hall
voltage output by the Hall sensor is also proportional to
the number of turns in the coil. Increasing the number of
turns of the coil can improve the magnetic field strength,
but there is a resonant loop between the parasitic
capacitor and the coil itself, and the resonant current
does not pass through the measurement resistance. Too
many turns of the coil will make the resonant frequency
of the coil fall within the range of the testing frequency,
of the
Therefore, the experiment should avoid resonance as

thus affecting the accuracy experiment.
much as possible. We carried out two additional
experiments using 5-turn and 1-turn coils, respectively.
The experimental results are consistent. Therefore, to
avoid coil resonance during the experiment, we used a 1-
turn coil to measure the NHES20F series Hall sensor.
The sensitivity of Hall sensor P3A is low, the
experiment uses a 100-turn coil,

while increasing the current intensity. The
experimental results do not produce a peak. Therefore,
it can be determined that the resonant point of the coil
must be above 2 MHz, the peak of the NHE520F series
must not be the resonance characteristics of the coil, and
the peak of the NHES20F

characteristics of the device itself. Fig. 8 (b) shows the

series reflects the

amplitude-frequency characteristics of Hall devices of
NHES520F and P3A. The
characteristics of Hall sensors, which are directly

amplitude-frequency

measured by the testing platform, can be seen in
Fig. 8(a). Tt is evident that an increase in frequency
within the range of 2.5 kHz — 160 kHz leads to a
corresponding rise in output voltage from the testing
platform. when  the
frequency lies between 160 kHz—2 MHz, the output

voltage will decrease as the frequency increases. The

Conversely, magnetic  field

trend observed is consistent with the experiment result
described in Ref.[19], although the type of Hall sensor
and test frequency range used in Ref. [21] are different
from those in this work. Thus, the platform is capable of
accurately  assessing  the  dynamic  response
characteristics of Hall sensors.

By comparing Fig. 8(a) with Fig. 8(b), it can be
observed that there is a significant difference in the
amplitude-frequency characteristics of the Hall sensors
obtained directly from the testing platform and those
calculated using the transfer function. Based on the
mathematical relationship between transfer functions, it
determined that the

characteristics of the Hall sensors, as shown in

can be amplitude-frequency
Fig. 8(b), indicates an increase in output voltage with
increasing frequency when the alternating magnetic field
frequency ranges from 2.5 kHz — 280 kHz. However,
when the frequency ranges from 280 kHz — 1.5 MHz,
there is a decrease in output voltage as the frequency
increases. The sensitivities of the three sensor models
reach the maximum at 280 kHz, as observed from
Fig.8(b). When the testing frequency is in the range of
2.5 kHz — 38 kHz, the sensitivities of the three Hall
sensors are arranged from high to low as NHE520F -8,
NHE5S20F-7 and NHE520F-6. This order is consistent
with the order of their sensitivities in a static
environment. When the testing frequency is in the range
of 38 kHz — 2 MHz, the sensitivities of the three Hall
sensors are arranged from high to low as NHE520F -8,
NHES20F-6 and NHES20F-7. These results highlight
that a more precise amplitude-frequency characteristics
of Hall sensors can be obtained by measuring the transfer
functions of all the circuit modules and leveraging
mathematical relationships between these functions, and
the results also prove that the sensitivities of Hall sensors
are different in different frequency environments.
Therefore, the testing platform can effectively measure
the sensitivity of Hall sensor to determine the testing
environment of Hall sensor.

The phase-frequency characteristics of the Hall sensor
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can be directly measured using the testing platform, as
shown in Fig.10. It is observed that when the frequency
of the alternating magnetic field is between 2.5 kHz and
16 kHz, the phase of the output voltage of the testing
platform lags behind that of the input voltage of the
testing platform. However, when the frequency is
between 16 kHz and 2 MHz, the phase of the output
voltage of the testing platform is ahead of the phase of
the input voltage of the testing platform. This trend in
phase-frequency characteristics aligns with those
reported in Refl.[19] for Hall devices, although there may
be differences due to the use of different Hall sensors and
tested frequency ranges. Therefore, it can be concluded
that this testing platform is capable of measuring the
phase-frequency characteristics of Hall sensors. By
comparing Fig. 10 with Fig. 11, it can be observed that
there is a significant difference between the phase-
frequency characteristics obtained from the testing
platform and the phase-frequency characteristics of the
Hall sensors. Based on the mathematical relationship
between transfer functions, the phase frequency
characteristics of Hall sensors NHE520F -6, NHES20F -
7 and NHES20F -8 can be obtained, as shown in Fig.11.
Within the range of 2.5 kHz — 80 kHz, the phase of the
output voltage from NHES20F-6 exhibits a lag with
respect to the phase of current that generates the
alternating magnetic field, whereas within the frequency
range of 80 kHz — 2 MHz, the phase of output voltage
from NHES20F -6 precedes that of current that generates
the alternating magnetic field. Within the range of
2.5 kHz — 100 kHz, the phase of output voltage from
NHEGS20F -7 exhibits a lag with respect to the phase of
current that generates the alternating magnetic field,
while within the range of 100 kHz— 2 MHz, the phase of
output voltage from NHES20F -7 is ahead of the phase of
current that generates the alternating magnetic field.
Within the range of 2.5 kHz — 90 kHz, the phase of
output voltage of NHE520F -8 lags behind the phase of
current that generates the alternating magnetic field,
while within the range of 90 kHz — 2 MHz, the phase of
output voltage of NHES20F -8 1s ahead of the phase of
current that generates the alternating magnetic field.
These conclusions demonstrate that more accurate
phase-frequency characteristics for Hall sensors can be
obtained by measuring the transfer function of each
circuit module and utilizing mathematical relationships of
transfer function of each circuit module.

The study measures the amplitude-frequency and
phase-frequency characteristics of the Hall sensor by
means of measurement and calculation of transfer

functions. However, there is a dearth of research on the
dynamic response characteristics of Hall sensor, as well
as a lack of established benchmarks for their dynamic
response properties. This presents novel avenues for
future investigation. Taking the Hall sensor NHE520F
as an example, the decrease in Hall voltage with
increasing frequency within the range of 280 kHz —
2 MHz can be attributed to the influence of alternating
magnetic fields on electron movement within the Hall
device. As the frequency of the alternating magnetic field
exceeds a certain threshold, some electrons are unable to
reach both ends where Hall voltage is generated and
instead remain confined within the Hall device. The
accumulation of these electrons increases with higher
frequencies, resulting in a decreasing frequency in Hall
voltage within this frequency range. However, further
experiments are required to determine the reason for the
increase in Hall voltage with increasing frequency when
magnetic field frequencies fall between 2.5 kHz —
280 kHz, which opens up new avenues for future
research. The testing results of the temperature and
humidity experiments show that the dynamic response
characteristics of the Hall sensor measured by the testing
platform will produce disorderly fluctuations with the
change of the environment of the testing platform.

Fig.13 and Fig.15 can reflect the difference of data, but
they do not find regular changes caused by changes in
temperature and humidity, which are more random. The
statistical features in Fig.14 and 16 show that the maximum
36 standard deviation of the amplitude-frequency
characteristic of NHE520F does not exceed 37.77 % of the
mean value, and the maximum 3¢ standard deviation of the
amplitude-frequency characteristic of P3A does not exceed
22.31% of the mean value in the environment range of 15 “C
— 35 °C and 50%Rh-70%Rh. The phase frequency
characteristics of NHES520F change little with temperature
and humidity. When the testing frequency is in the range of
2.5 kHz— 10 kHz, the phase frequency characteristics of
P3A change little with temperature and humidity, but the
test frequency is greater than 10 kHz, and the phase
frequency characteristics of P3A fluctuate significantly.
According to the statistical knowledge, the probability of
the measured values of the dynamic response characteristics
of the Hall sensor measured by the testing platform
appearing in the region between the positive and negative 3o
deviation is 99.73% . The experimental results show that
the 3¢ deviation of amplitude-frequency characteristic of
Hall sensor NHE520F is less than 15% at low frequency,
and the phase-frequency characteristic fluctuation is small.
In the range of 100 kHz— 1 MHz, the amplitude-frequency
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characteristics and phase-frequency characteristics of Hall
sensor P3A have obvious deviations in addition to the
influence of temperature and humidity, and the influence of
system noise on the dynamic characteristics of P3A with the
increase of frequency is also a reason that cannot be ignored.
Therefore, it can be concluded that under laboratory
conditions, the testing results of the platform are effective
and can basically reflect the dynamic characteristics of the
tested object.

5 Conclusions

The experimental results shows that the dynamic
response characteristics of Hall sensors constructed
using a linear system approach in this study can yield
relatively stable tested results by dynamically updating
the transfer functions of the core components. It is also
observed that the dynamic characteristic parameters may
not necessarily align with the static characteristic

parameters. Furthermore, different models of Hall
sensors exhibit varying distributions of dynamic
characteristics.  The  experiment indicates that

NHES20F-6 offers better cost-effectiveness near the
280 kHz frequency range, while P3A demonstrates
higher efficiency towards higher frequency portion.
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