ISSN (Print) 1598-5385
ISSN (Online) 2233-6648

LAG+=> Journal of the Korean Magnetics Society 35(2), 35-39 (2025) https://doi.org/10.4283/JKMS.2025.35.2.035

Analysis of Thermal Exposure Characteristics and Performance of PHMR Sensors
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Planar Hall Magnetoresistance (PHMR) sensors are widely used in industrial applications due to their low offset voltage and linear
magnetic field response. However, their magnetic properties and reliability can degrade under high-temperature conditions. This study
investigates the variation of exchange bias in PHMR sensors under thermal exposure and annealing. Two exchange bias induction
methods were compared: magnetic field application during sputtering and annealing above the blocking temperature. Results show
that exchange bias decreases with rising temperature, especially above the blocking point, while optimized annealing conditions can
maintain its stability. These findings offer guidance for enhancing the thermal reliability of PHMR sensors in harsh environments.
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Fig. 1. (Color online) Illustration of the Exchange Bias induction methods for the PHMR sensor: (a) Microscope image of the PHMR sensor, (b)
Schematic representation of the Exchange Bias induction method by applying a magnetic field during the sputtering process, and (c) Exchange

Bias induction through a post-fabrication magnetic annealing process.
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Fig. 2. (Color online) Thermal stability test of the Exchange Bias in the PHMR sensor: (a) Schematic of the thermal exposure setup using a hot
plate, (b) Easy-axis and (c) hard-axis magnetic hysteresis loops at different temperatures, (d) Reduction of exchange anisotropy with temperature,
(e) Hysteresis loop changes over time at 160 °C, and (f) Exchange anisotropy variation with exposure time.
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Fig. 3. (Color online) Thermal exposure effects on the magnetic response of the PHMR sensor: (a) Variation in the easy-axis magnetic hysteresis
loops after exposure to temperature above the blocking temperature, and (b) Changes in the magnetic field response of the PHMR sensor with
different exposure time at 200 °C.
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Fig. 4. (Color online) Magnetic response of the PHMR sensor with exchange bias induced by the annealing process: (a) Magnetic field response of
the PHMR sensor at different annealing temperature, and (b) Magnetic response variation with exposure time at 200 °C for the annealed sensor.
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