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Advantages and applications of various types of magnetoresistance

Magnetoresistance type Advantage

Application

GMR High sensitivity, high precision, low power consumption,
anti-harsh environment, wide detection range!6*!

TMR High sensitivity, high precision, wide working tempera-
ture range, high comprehensive performance!'*!

AMR

stability, simple process and low cost!'>'6]

Energy and environmental protection, biomedical and aerospace!®'!)

Low magnetic field applications. Magnetic random access memory,

spin tunnel read head and biomedical applications!'*!

Good angle sensitivity, high precision, small volume, good Navigation, medical diagnosis and health monitoring; Accurately

obtaining the position and direction information of the object through

the change of magnetic field"®!
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(a) Schematic diagram of two channel model; (b) GMR multilayer structure; (c) Spin-valve structure; (d) Schematic diagram of TMR;

(e) Schematic diagram of AMR(Revision of schematic diagram based on literatures!!!->!)
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Fig.2 (a) A traditional sandwich bioassay!”’;(b) Principle diagram of GMR biosensor®;(c) Schematic diagram of the influence of magnetic

microspheres on the subtle change of GMR sensor resistance and R-H transfer curves of a GMR biosensor before and after capturing

magnetic labelsi®”; (d) GMR stripe shape biosensors!!
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Fig. 3 (a) GMR granular solids and the R-H curves of ferromagnetic and superparamagnetic nanoparticles”;(b) Granular structure GMR

sensor; (c) Signal acquisition strategy of GMR biosensor and biochip, structure diagram of four-channel GMR biochip and full

schematic of the signal acquisition biochip!**
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TSR
(a) (Top left) Eigen Diagnosis Platform (Bottom left) The cartridge and GMR biosensor chip; (Bottom right) One-step wash-free

detection (Top right) Block diagram of the test process of Eigen Diagnosis application that guides users to complete the test’"?;(b) (Left)

Z-lab detection platform communicates with smartphones, tablets, laptops and desktops and fabricated GMR chip and schematic view of

magnetic sandwich assay; (Right) Averaged signals from different concentrations of 50 pL of IAV NP samples signals averaged from

50 L of different concentrations of purified H3N2v samples!*”!
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Fig. 5 (a) (Left) Automated mobile magnetoresistive biosensor system; (Middle) A photograph of the GMR biosensor chip and the chip after

capture probes have been spotted with label; (Right) [llustration of the working mechanism of the GMR biosensor and the setup of GMR

biosensing immunoassays*’l; (b) Workflow of detecting IMS gene on GMR biosensor array®!; (c) A proposed scheme for POC gene

expression analysis by rapid PCR amplification and portable GMR detection™®
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Table 2 Comprehensive comparison of GMR biosensor structure type and performance

Structure type Core feature Detection limit Detectable target Primary application Reference
Granular GMR FM particles in non-magnetic matrix Basic biomolecules Industrial sensing [38-39]
Resistance modulation via
electron scattering
Multilayer/ ~ Multilayer or spin valve structures pg/mL level Cancer biomarkers ~ High-sensitivity diagnostics [43]
Spin valve  Core-shell magnetic label (ESAT-6 antigen) Viral antigens
Portable GMR  GMR chip and microfluidics 15 ng/mL(influenza virus) ~ Multiplexed tumor  Point-of-care testing(POCT)  [46,49,56]
CMOS circuits and wireless 125 TCID5o/mL(H3N2v) markers(12 types)
Smartphone interface Pathogens
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Gene expression
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Fig. 6 (a) Structure diagram of quantitative detection method for superparamagnetic nanoparticles and principle diagram of rotating platform

controlling magnetic flux component'®); (b) Layout of NVE GMR chip,experimental installation and diagram of test principlel®®);

(c) Integrated GMR microfluidic chip system diagram, integrated GMR microfluidic chip system: (Top right) Photo of data display

device; (Bottom left) Signal processing circuit design, including differential amplifier, high-pass filter, low-pass filter and amplifier!
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Fig. 7 (a) Structure of the microchannel system and the reaction process of GMR multi-biomarker immunoassay!*”;(b) Schematic diagram of
ESAT-6 detection using GMR biosensors*’]; (¢) SV-GMR biosensor signal measurement and setting device!’; (d) Schematic diagram
of using AAL024 GMR chip to detect magnetic tags and the dependence of the sensor resistance change on the residual magnetic field

of the magnetic label”®!
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(a) Schematic diagram of using GMR biosensor to detect Hg*" and the real-time binding curve data of Hg?" in buffer®;(b) Detection
principle of GMR sensor, including schematic diagram of GMR sensor structure and a two-body sandwich determination for the
preparation of E.coli O157H:H7, wherein the E.coli O157H:H7 sample is obtained on a small glass, and its area is equal to the detection
area of GMR sensor and the results were determined by double antibody sandwich immunoassay®); (c) Using magnetic particles to
detect double-labeled PCR products on GMR sensors in one-step detection form and one-step multiple detection of Salmonella
antibiotic resistance gene PCR products GMR biochip experimental results!!”)
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Fig. 9 (a) (Top left) GMR sensor array chip and speckle sensor array image; (Right) Schematic of the GMR-based multiplexed allergen
detection assay; (Bottom left) Cross-reactivity evaluation of GMR-based multiplexed allergen assay!'*);(b) (Left) A schematic view of
one-step wash-free magnetic bioassay based on a sandwich assay structure; (Right) Z-lab and ELISA results for nasal swab samples
spiked with 250, 500, 1000, and 10000 TCIDs/mL of HIN1 and H3N2v, and different IAV strains!!%
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Abstract: As a new type of magnetic sensor, giant magnetoresistance (GMR) biosensor combines GMR effect and
immunomagnetic microsphere technology, showing great application potential in biomedical and food safety fields.
This paper reviews the basic principles of GMR biosensors, structural technology development, and applications in
biomedical and food safety fields. The GMR biosensor realizes the detection of target biomolecules by monitoring the
sensitive resistance change caused by the magnetic microsphere field. Its high sensitivity and low detectable
concentration characteristics help to achieve quantitative detection of trace target molecules in biological samples. In
the biomedical field, GMR biosensors have been applied to the diagnosis of cancer, viral diseases and other diseases, as
well as genotyping. In the field of food safety, GMR biosensors are used to detect foodborne toxins and pathogens, as
well as other food-related biomarkers. As technology advances, GMR biosensors will play an increasingly important
role in ensuring food safety and public health.
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