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Design of temperature drift compensation circuit for Hall current sensor

Wang Lanyu Chen Hongmei Zhang Haozhe

(Institute of VLSI Design, Hefei University of Technology, Hefei 230601, China)

Abstract: The temperature drift in Hall current sensors can affect the accuracy of the sensor, especially in extreme high and low
temperatures, which limits the application of Hall sensors. This article designs and implements a wide temperature range temperature
drift compensation circuit suitable for Hall current sensors to address this issue. The temperature drift compensation circuit compensates
for the temperature drift error of the Hall element by combining gain compensation with bandgap compensation, and using a load resistor
that is consistent with the shape and material of the Hall element in the Hall voltage amplification circuit. At the same time, using the
high and low temperature compensation current generated by the bandgap reference circuit to achieve temperature compensation for the
tail current of the amplifier circuit, the Hall current sensor can maintain sensitivity stability over a wider temperature range. Adopting
GFO. 18 pm BiCMOS process, simulation verification shows that under a 5 V power supply voltage, the circuit has a wide temperature
range of —40 °C ~ 140 °C, a sensitivity temperature drift error of less than 0.3%, and a temperature drift coefficient of 35 ppm/C.
Compared to other temperature compensation designs, this design achieves compensation for high-order temperature errors of Hall
sensors, resulting in a wider operating temperature range and smaller temperature drift errors. It does not require additional digital
processing circuits and has high engineering application value.
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Fig.2 Hall voltage V,, versus temperature curve
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Fig.3 Structure of gain compensated Hall current sensor
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Fig.5 Circuit diagram of gain compensated Hall current sensor
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Fig. 6 The I, current compensation circuit proposed in this paper
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Fig. 7 Circuit layout of Hall current sensor designed using

temperature compensation in this paper
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compensation under different amplitude magnetic fields

2040
20G
1880 -
200G
1720
> 180G
E 1560
5
S 1400 | 160 G
1240 140G
1080
120G
920 T T T T T T T 1
=40 20 0 20 40 60 80 100 120 140

/T
P13 3 g A+ B IS AR 2K FL
1 AR TEA R IR G5 1) iy
Fig. 13 Output of Hall current sensors with gain
compensation & band gap compensation under

different amplitude magnetic fields

PR AL AR R S A RIS 5 AN 14 Fs
TR B IR AR TR S R BT E— I T R B
BRIRAN e i A T A AN R RN UL H TR
AR REARNE | RV AT 7 7R R I A S O A L AR A TR R
ANBITES o DR U F A S R DR R 5 2 0 A 1 B
AT P | D R R 5 38 S A R R P A SR

AL 20 °C Ity R S vl 00 A e 3 R R 0
IR LA AR A AR IR LR AN 15 s, AT A
&2, B SRR E T 0 5 IR e e B I, X
Je TR R AL AR B0 i 1 5 3 R/ R R T T
ANFERES T IR /AR X T8 2K L I A% SR e A i



- 14 - LSRR R e o

8375

K14 AR AR A A

Fig. 14 Hall current sensor testing and verification platform

LR R, iRt BT LIE ), R B AL
JERZEAE 40 °C .40 °C F1 100 °C 33 LA™ 15 110 I T2 AR Xo A
TEF5)5 1 RAUE AP SRR R FE £0. 3% LAWY, I LR
TR/ N I A8 1 4 5 0 L5 SR — B30, TS0 T
AR SRR IR AR R A TR My T A R

4_

3L " /A\Q —=—50G
\ / \\ —e—100G
2k /\ / \ 200G 4
//\\ //’\ \\ /
= T /\\ ///F \ s
£ 0k \ % \.\ 4/}
ny 7 N o
= / X \ .
=, /| \ g //
kY Y
,4_1/ \\/
S0 0 0 20 40 60 80 100 120 14

AL/ C
B 15 AR i A e e TRLEE I X
Fig. 15 Test and verification of temperature

drift of Hall current sensor

ARG HA SCHR Fh o 2% R R A% TS B 2 B0 e
K1 Pn, PTLUAE Y 76 A A Tl B2 Y8 L O B AR 4K
JE R D T AR SO EAMES BT I B K L U
1 I v B R RE AT R AR T
®1 AXHHMIBE/RERERIDHERERT L
Table 1 Comparison of the performance of Hall
current sensors with other literature

24 [13] [19] [20] A
CERC N VAY 3.3 5 5 5
TR/ C -40-125 -40-85 -40-125 -40-140
TR 2B (ppm/C) 76 68 - 35
R R 1% 0.7% 0. 6% 0.3%

3 & it

-

AU T — T T8 2 L U A S 114 T il S

Pl B L B, Tl P A 2 R B Ao o 1 25 A M 5 T B

MRS G TERE R L R TBOR % PR ] 5 B R T B

ARBF Y — A T B, A TR R Te M R I R R 2

[ Fsf 7R o B L 7 £ 19 VR AR IR A2 Fh 3T S BX i

R L B 11 S P D ) T A2, S R o 2 L U A

1o i R 5% 2 ) M , (75 K L DR A i T L7 B 5

BT RE R N PR R R BB AS E . 7 FL AN A5 2R

FE5 V HLJEHL R, HLEK7E -40 C ~ 140 °C 1% il B2 5 [

W, REE RN T 0.3%, IR R EGLF] 35 ppm/C

AR T HA I BE A MEE BT, AR SCHR il BE A MEE BT 7R X

PACHE B AT IR BE AR B BE A, SCBT A5 i e 0K Ui 1Y) 17

DU L BB RS A A R KA R e B A R T

VEIRLEE 0 B DA RS /NI R 22 . A SO IR M BT

AN AT ECT AL B X AR TR A A AR A

B, AT (0 TR I

S 3k

[ L] ™k, R0 272 45 i ol ol 45 20 o B A4 SR 28 1Y P
BTG 04 [ )], d i 510854, 2015,
29(3) :433-438.

YAN J B,ZHU F,LI J,et al. Electromagnetic interference
measurement and analysis of high-speed electric multiple
units speed sensor [ J ]. Journal of Electronic
Measurement and Instrumentation, 2015, 29 ( 3)
433-438.

[2] HHEZE &M, EH, 5% FET LabVIEW B2 (RAL5E

ER RG], ES T & AR 2014,33( 5) .
80-85.
XIAO G T,XU ZH W, HUANG W, et al. Research on
control system of a morphing wing based on LabVIEW[ J].
Metrology & Measurement Technique,2014,33 ( 5 ) .
80-85.

[ 3] MOUSMI A, ABBOU A, HOUM Y E. Binary diagnosis
of Hall effect sensors in brushless DC motor drives[ J].
IEEE Transactions on Power Electronics, 2020,35(4) .
3859-3868.

[4] FEuK,¥EE, KWW, %30 kA HFRRERER LT E

BEASETE [T ], B IR 5 AR 24, 2020, 34 (11)
188-193.
WANG B, JIANG L, SONG F M, et al. 30 kA closed-
loop integrated Hall current sensor design [ J]. Journal of
Electronic Measurement and Instrumentation, 2020,
34(11) .188-193.

[5] ZETWE 200, XH. MFR=CH B FE R B AL B s it
FEHBI[T]. BT I S A AR 2 4, 2022, 36(8)



FEoM T8 FH 2 R U 5 B ) YR TR A M L s T <15 -
69-76. Particle Beams, 2017, 29(4) : 129-132.

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

(15]

LIX Y, LI'Y S, LI J. Symmetrical closed-loop Hall
current sensor research and design [ J ]. Journal of
Electronic Measurement and Instrumentation, 2022,
36(8) :69-76.

TANG Y, ZHU F. Measurement and suppression of
electromagnetic
CRH380BL electric multiple unit [ C ].
Applied
Symposium in China. IEEE,2017.

LIANG L, ZHENZE L, LILI C, et al. Research on wearable
lower limbs control system hased on LabVIEW [ C ]. 2020
International Conference on Intelligent Computing and
Human-Computer Interaction (ICHCI). IEEE, 2020,
10-16.

SUN C, WEN Y, PING L, et al. Self-contained wireless
Hall current sensor applied for two-wire zip-cords [ J].
IEEE Transactions on Magnetics,2016,52(7) :1-4.
AUSSERLECHNER U, MOTZ M, HOLLIBER M.
Compensation of the Piezo-Hall effect in integrated Hall
sensors on (100)-Si[ J]. IEEE Sensors Journal, 2007,
7(11) ;1475-1482.

BB, FEARER, 8. PH PR R H It A% St 10 1l 7 v
B[] AR SR SE,2018,37(11) :73-76.

WU X, WANG L S, JU P. Hardware circuit design of
closed-loop Hall current
Microsystems,2018,37(11) ;73-76.

ZF-, R, BREE, S 4B KR VR R AR PR R LT
LT[ T AR A, 2021, 42 (6):
253-260.

LI P, ZHAORT, TIE J, et al. An on-line measurement

method for electrode current of metal aqueous solution

interference  to  speed sensor  of
International
Computational

Electromagnetics ~ Society

sensor [ J ]. Sensors and

electrolysis[ J]. Chinese Journal of Scientific Instrument,
2021, 42(6) ; 253-260.

HEIDARI H, BONIZZONI E, GATTI U, et al. A
0. 18 pm CMOS current-mode Hall magnetic sensor with
very low bias current and high sensitive front-end [ C].
Sensors, 2014 IEEE. IEEE, 2014. 1467-1470.

MO S, WEI R, ZENG Z, et al. A multiple-sensitivity
Hall sensor featuring a low-cost temperature compensation
[T ] 2021,
113 105067.

AJBL A, PASTRE M, KAYAL M. A fully integrated
Hall  sensor
measurement| J |. IEEE Sensors Journal, 2013, 13(6) .
2271-2278.

FEUHE, A0 06, ¥ 0. R R A% S i JEE AR B L B i
THI] RO SR THE,2017,29(4) :129-132.

GUO Q, FU P, JIANG L. Design of temperature

compensation for Hall sensor[ J].

circuit Microelectronics ~ Journal ,

microsystem  for contactless  current

High Power Laser and

[16] LIU B, SUN Y, DING Y, et al. Low-power and high-

sensitivity system-on-chip Hall effect sensor[ C]. 2017
IEEE Sensors. IEEE, 2017, 1-3.

YOSHIKAWA A, TADOKORO D, YAMAGUCHI Y, et
al. Magnetic field sensitivity of poly-Si Hall device
improved by high voltage application [ C]. 2014 IEEE
International Meeting for Future of Electron Devices,
Kansai (IMFEDK). IEEE, 2014; 1-2.

MOTZ M, AUSSERLECHNER U, BRESCH M, et al. A

miniature digital current sensor with differential Hall

[17]

[18]

techniques  and

IEEE Sensors.

probes using enhanced chopping
mechanical stress compensation [ C ].
IEEE, 2012.

GIRGIN A, BILMEZ M, AMIN H Y, et al. A silicon
Hall sensor SoC for current sensors[ J].
Journal, 2019, 90. 12-18.

HUBER S, LETEN W, ACKERMANN M, et al. A fully

integrated analog compensation for the piezo-Hall effect in

[19]

Microelectronics
[20]

a CMOS single-chip Hall sensor microsystem[ J]. IEEE
Sensors Journal, 2014, 15(5) ; 2924-2933.
EEE T
F =/, 2020 4 FAIE Tl R 3145
SRR B BT SRR G A, U
NETAMy KA AEEA A, E2WF I Tr 10 RS
(ERCL NS anps
E-mail; 1169509802@ qq. com
Wang Lanyu received the B. Sc. degree

N~
d-h
in Integrated Circuit Design and Integrated System from Hefei
University of Technology in 2020. He is now a M. Sc. candidate
in Circuits and Systems from Hefei University of Technology. His
main research interest includes mixed signal circuit design.

BRETHE (il {5 11 &) , 2008 4F T4 B
FREPAG TR SR 27,2011
AETAE PR R A A O 2 S AR
AR 22, 2017 AR TP R BB R R
SRS RGO S IE T
KPR, ERRTFE 51k CMOS 1RG5
HLE (A/D il D/A el AL Iasti 1,

E-mail: hmchen@ hfut. edu. cn

Chen Hongmei( Corresponding author) received her B. Sc.
degree in Electronic Science and Technology in 2008 and the M.
Sc. degree in Microelectronics and Solid State Electronics in
2011, both from Huazhong Science & Technology University. She
received the Ph. D. degree in Circuits and Systems at University
of Science & Technology of China in 2017. She is now a lecturer
with the Hefei university of technology. Her main research
interests include CMOS mixed-signal circuits, A/D and D/A

converters, and sensor interface.



