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Table 1. Potential application scenarios of magnetic

sensing devices in the fields of smart grids and new energy

vehicles.
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Fig. 1. Key performance parameters of magnetoresistive
sensing and main methods for modulating them (Yellow

dashed lines indicate that further experimental results are
needed).
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Fig. 2. (a) Experimental structure of TMR magnetoresis-
tive sensing unit; (b) linear output curve of TMR mag-

netoresistive sensing unit.
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Fig. 3. (a) Schematic diagram of TMR magnetoresistive
sensing unit; (b) establishment details of micromagnetic

simulation model.
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Fig. 4. Linear output simulation curves under different exchange-biased fields of the free layer (Solid red lines represents linear out-
put curves within the range of +0.5 times the magnetic moment of the free layer): (a) 10 Oe; (b) 20 Oe; (c) 50 Oe; (d) 100 Oe.
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Fig. 5. Relationship between the linear magnetic field range
(a) and sensitivity (b) of TMR magnetoresistive sensing
unit obtained by the micromagnetic simulation method and
the exchange-biased field of the free layer.
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Abstract

Optimizing sample structural parameters, magnetic field annealing, series-parallel bridge design, current
thermal effect, and additional bias magnetic field are common methods used for controlling the tunneling
magnetoresistance (TMR) magnetic sensing performance. By employing these methods, key performance
parameters of TMR sensors such as sensitivity, noise resistance index, linearity, and linear magnetic field range
can be optimized and improved. Changing the sample structural parameters, such as the pinning layer, free
layer, and barrier layer materials and thickness of the TMR magnetic sensing unit, can change the exchange
bias field and thus enhance the TMR magnetic sensing performance parameters. In this study, through
micromagnetic simulation and experimental measurements, it is discovered that by modifying the exchange
coupling in the free layer CoFeB/Ru/NiFe/IrMn, the exchange bias field magnitude of the TMR free layer can
be modulated, leading to improved performance of the TMR magnetic sensing unit. As the IrMn pinning effect
is gradually enhanced, the linear magnetic field range of the TMR magnetic sensing unit increases, but the
magnetic field sensitivity decreases. It is further found that the linearity of the TMR magnetic sensor is optimal
within a range of +£0.5 times the magnetic moment variation of the free layer (primarily the CoFeB layer).
Through our work, the effect of exchange bias field (caused by the pinning IrMn of the free layer) on the
magnetic sensing performance is verified in the TMR magnetic sensing unit. Our work demonstrates more
possibilities for designing and optimizing TMR magnetic sensors, enriching the dimensions of magnetic sensing

performance modulation.

Keywords: exchange bias effect, magnetic tunnel junctions, tunneling magnetoresistance linear sensing unit,

magnetoresistive sensors
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