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Research on multiplexing structure optimization of
coil-type magnetic flux sensor
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(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Key Laboratory of Thin Film and Microfabrication Technology ( Ministry of Education) ,

Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract : Coil-type magnetic flux detection technology has been widely used in clinical diagnosis applications. However, adjacent
magnetic samples’ detection signals are prone to aliasing. Most of the existing researches used algorithm processing and sample space
isolation to avoid the mutual interference of signals, which limits the development of this technology in the field of point-of-care testing.
In view of the above problems, this study uses mathematical physical modeling combined with finite element simulation to analyze the
structure of the coil-type magnetic flux sensor, and optimizes the sensor structure. The final experimental results show that the optimized
sensor can effectively distinguish the adjacent magnetic signal sources with a distance of 4 mm. In the immunochromatographic
quantitative detection of gastrin-17 in clinical samples, the detection range reached 11 pg/mL~ 110 ng/mL. The above result confirm
that the optimized sensor structure has the capability of multiplex synchronous multiplexing detection.
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Fig. 1 Induced current model of sensor coil
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Fig.2  Multi-turn coil sensor optimization scheme

(¢) The model of signal interference
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Fig. 6 The quantitative detection performance experiment of the optimized sensor



24 el P i 1 e 22 B A A R (AR B 5 21 -

7

9]
1
e

AR SO T2 | A G DU A2 et 14 22 B O ARG
TR AR IS T — MR s e Bt ik . %
T3V ATAE A B A I R A 2 AL S H A RS 254 Y
TEOLT i 4 /N 2k Rl B AR 14 i 1) £ 181 )2 0K [
HSBREAR Z A5 S BAL GO, RIS R Z5 1 e
b R AN 2 LR P B A IR AR A 22 B S TR I A B 11, 3
i iz A PR R Y 5 6 2 S T AR AR S5 R Y 5
B T &N SEC RV RE Y MR . RS8R A
FRICIM AT BT IR SR T S5 R A T S8 4 al A5k, [R] el 26
TE T A2 F HL A 7 e — 1 S N B A S 22 i ) A0 A
M

SERSTEN ) TE BT HOKs PCB HE A R T TR ARG
PR A 2 el BBt ¥ o v b BE B, R
24z T A EL 2 R TG A1 140 A DK DR L5 48 (I AL IR
PEATERUE . AR BRI 4 mm BUROLT 15
JERER BB AR BN RS A AEAS (9 15 5 W WL, I ELAS I 45 2R .
AR R AL FIREZBOR BT G-17 fR
EREAI T AR T 0.999 87 MM R B 11 pg/mL ~
110 ng/mL fEEAGIVER,  FIRER Won iz e B i
7 R DE G-17 I RIS WIHE AT

22 e B UROT B M A AL O R TE PCB BRI T
AT LASE B oG B Y 2 BBl B 19 [R] I, 31 PCB Y £k el
RUHURTT IO AL AR RS O AT RE . %251 B4 (]
WZERAR T RAERW T, REFRARRE LR X e 2 B HE 5
FRSRAE DR 22 TP T BAGORS E . M7 [m] 20 22 B A 00
LEA A DU ARZS 15 W A] 2y [ 24 /i POCT N A
BORBIPEE  R A AE BRI SRR BERT B0 AR T 12
S 3Lk
[ 1] ZBfkdR, mET, B9, % TR s HoR s

IR RE ()], ThEA Y BEoE TR AR, 2021,
40(3) :344-353.
LI D J, FENG SH, FAN K, et al. Research progress of
biosensor based on magnetic separation technology [ J].
Chinese Journal of Biomedical 2021,
40(3) :344-353.
firi, WhAEZE, MITE, . ST H0RMEHN L
PG IEE e Py B R R A T I [T, Zpr ik
2%, 2023, 51(4) :472-483.
YU J, YAOZH H, HE K Y, et al. Nanomaterials-based

Engineering,

(2]

optical biosensors for detection of mycotoxins in

traditional Chinese medicine [ J ]. Chinese Journal of

Analytical Chemistry, 2023, 51(4) :472-483.

[3]

[4]

[5]

[6]

(7]

[8]

[9]

[10]

PNEEE, J o, T E, 5. T 1 SR A ) A
PRoh-H G RE R AR ST BT [J]. AN -0
HA, 2022,41(11) .78-87.

SUN J CH, ZHOU Q, WEI T L, et al. Research and
design of an efficient electromagnetic energy collector
based on vertically moving magnets [ J ]. Foreign
Electronic Measurement Technology, 2022, 41 (11) .
78-87.

TR, AT, 5T FPGA W48 R R & ik
THI]. AR, 2022,45(20) 1 174-180.

PENG H J, LI P D. Design of digital metal detection
system based on FPGA []].
Technology, 2022 ,45(20) :174-180.

YAN W, WANG K, XU H, et al. Machine learning

Electronic Measurement

approach to enhance the performance of MNP-labeled
lateral flow immunoassay [ J ].
2019, 11; 1-15.

P RS R A — Rl T R AR Rk
RGBTk T]. Il 5140 3%,2022,59(8)
161-165.

YAN Q, LI SH S, YE Y Y, et al. A permeability

Nano-Micro Letters,

measurement approach for weak magnetic materials with
LIl
Instrumentation,2022,59(8) : 161-165.

ZEHR AR BT AR SR T TMR &R 1 ik b
L C BB BRI T[T, I i 5 A o
2, 2022,36(8) :105-113.

LI X B, YE ZH H, LUO N ZH, et al. Research on

large  volume Electrical ~Measurement &

pulsed eddy current C-scan imaging technology based on
TMR sensor[ J]. Journal of Electronic Measurement and
Instrumentation, 2022,36(8) :105-113.
CARDOSO S, LEITAO D C, DIAS T M, et al
Challenges and trends in magnetic sensor integration with
microfluidics for biomedical applications[ J]. Journal of
Physics D Applied Physics, 2017, 50(21) ; 213001.
TATON K, JOHNSON D, GUIRE P, et al. Lateral flow
immunoassay using magnetoresistive sensors[ J|. Journal
of Magnetism and Magnetic Materials, 2009, 321(10) .
1679-1682.

YISEUL RY U, ZONGWEN J I N, KANG M S, et al.
Increase in the detection sensitivity of a lateral flow assay
for a cardiac marker by oriented immobilization of

antibody[ J]. BioChip Journal, 2011, 5; 193-198.



2 TR R 5375

[11] MARQUINA C, DE TERESA J M, SERRATE D, et al. of planar electromagnetic tomography based on array
GMR sensors and magnetic nanoparticles for immuno- rotation and improved evidence theory [ J]. Chinese
chromatographic assays [ J]. Journal of Magnetism and Journal of Scientific Instrument,2022, 43(10) :136-144.
Magnetic Materials, 2012, 324(21) . 3495-3498. [20] ERSOZ A, EYUBO GLU B M. Magnetic resonance

[12] fEMES, £—, %4, 5. RF SQUID B4E & 4K current density imaging using one component of magnetic
k)], AR RE2ER, 2015(6) :918-922. flux density[ C]. 15th National Biomedical Engineering
REN SH N, WANG Y, SHENG M D, et al. The method Meeting, 2010, 5479830.
of the magnetic flux quantum count with RF SQUID[J]. [21] CHEN Q, NIU Y. Reconstruction of conductivity based
Journal of Shandong Agricultural University, 2015(6) : on radial basis functions in MREIT [ C ]. 2011 Fourth
918-922. International Conference on Information and Computing.

[13] DE LA TORRE T Z G, MEZGER A, HERTHNEK D, et IEEE, 2011 122-125.
al. Detection of rolling circle amplified DNA molecules [22] WANG P, WEI L, LI Z. Application of Wavelet
using probe-tagged magnetic nanobeads in a portable AC Transformation to Magnetic Flux Leakage Inspection[ M ].
susceptometer[ J]. Biosensors and Bioelectronics, 2011, Wavelet Active Media Technology And Information
29(1): 195-199. Processing: (In 2 Volumes) , 2006.

[14] ZERM:, D% htt % 7.0 T &R TRESLR I [23] ORLOV A V, BRAGINA V A, NIKITIN M P, et al
TERGE A E R G PR PN e ], P Rapid dry-reagent immunomagnetic biosensing platform
e 2023 ,57(11) £ 1254-1258. based on volumetric detection of nanoparticles on 3D
LI CH X, MA X X, BIAN X B, et al. Application structures[ J |. Biosensors and Bioelectronics, 2016, 79
advances of 7.0 T proton MR spectroscopic imaging in 423-429.
central nervous system diseases[ J]. Chinese Journal of [24] ACHTSNICHT S, TODTER J, NIEHUES J, et al. 3D
Radiology, 2023,57(11) :1254-1258. printed modular immunofiltration columns for frequency

[15] WANG Y, XU H, WEI M, et al. Study of mixing-based multiplex magnetic immunodetection [ J ].
superparamagnetic nanoparticles as labels in the Sensors, 2019, 19(1) . 148.
quantitative lateral flow immunoassay [ J ]. Materials [25] NIKITIN P I, VETOSHKO P M, KSENEVICH T I. New
Science and Engineering: C, 2009, 29(3) . 714-718. type of biosensor based on magnetic nanoparticle

[16] SHIL, WUF, WEN Y, et al. A novel method to detect detection [ J ]. Journal of Magnetism and Magnetic
Listeria monocytogenes via superparamagnetic lateral flow Materials, 2007, 311(1) . 445-449.
immunoassay [ J ]. Analytical and Bioanalytical [26] KRAUSE H J, WOLTERS N, ZHANG Y, et al.
Chemistry, 2015, 407 529-535. Magnetic particle detection by frequency mixing for

[17] BARNETT J M, WRAITH P, KIELY J, et al. An immunoassay applications[ J]. Journal of Magnetism and
inexpensive, fast and sensitive quantitative lateral flow Magnetic Materials, 2007, 311(1) . 436-444.
magneto-immunoassay for total prostate specific antigen[ J]. [27] LIT, WANG K, ZHENG C, et al. Magnetic frequency
Biosensors, 2014, 4(3) . 204-220. mixing technological advances for the practical

[18] GE Y, BARNES S, HELLER S, et al. Three- improvement of point-of-care testing[ J]. Biotechnology
dimensional ~ high  resolution  venography  using and Bioengineering, 2022, 119(2) . 347-360.
susceptibility weighted imaging at 7T [ J ]. Chinese 1EEZ/N
Journal of Magnetic Resonance Imaging, 2010, 1(2): EEZR,2016 FF 328 K 2FERG
83-93. AL, 2019 AR T LI SE I K A A A

[19] %, Hzk Wb, ST RIIER RSO IS B i B e e

i EMT B EERE[T]. SRR, 2022,
43(10) :136-144.
XU X, HUANG Y ZH, HAN L. Image fusion algorithm

—

A

= EHE T 7 160 0 0 B T O R A R
L)

B,
E-mail; litangan9143@ 163. com

Li Tang'an received his B. Sc. degree from Shanghai Jiao



5113

24 el P i 1 e 22 B A A R (AR B 5 23 -

Tong University in 2016, M. Sc. degree from Shanghai Jiao Tong
University in 2019. Now he is a Ph. D. candidate in Shanghai
Jiao Tong University. His main research interests include
biomedical device and sensor technology.

BERFClFMEE ), 1990 4F T4 7%
P& R 2 AR AT 2% 2 0, 1995 4R T4 D 72 1%
T2 ARAF I - 2= 0L, 1998 45 T 45 PO 5 K
SR 2 AL, O A I K A
Oz T R BRI R 2 Be e IS, 32 %2
HIFTE T 170 Jhg 5 T 40 KB B A U 5

Wiz,
E-mail ; dxcui@ sjtu. edu. can

Cui Daxiang ( Corresponding author ) received his B. Sc.
degree from the Second Military Medical University in 1990, his M.
Sc. degree from the Fourth Military Medical University in 1995, and
his P. hD. degree from the Fourth Military Medical University in
1998. Now he is a distinguished professor of Shanghai Jiao Tong
University, Vice President and Dean of the School of Medicine of
Henan University. His main research interests include cancer

warning and early diagnosis based on nano effect.



