Scanning Hall Probe Microscopy: QuantItatIve & Non-InvasIve Magnetıc ImagIng and Magnetometry at 50 nanometer scale
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   Scanning Hall Probe Microscopy (SHPM)[1,2] is a quantitative and non-invasive technique for imaging localized surface magnetic field distribution on sample surfaces with high spatial and magnetic field resolution of  ~50nm & 1G/Hz, over a wide range of temperatures, 30mK-300K. In SHPM, a nano-Hall probe is scanned over the sample surface to measure the perpendicular component of the surface magnetic fields using STM[1] or AFM[3] positioning techniques as shown in Fig.1. SHPM is a quantitative and non-invasive method, compared to MFM with similar spatial resolution. The nano-Hall sensor’s used in the SHPMs do not saturate under high external fields and the technique has been shown to operate up to 9T. SHPMs[4] can be run at fast scanning speeds, ~1 frame/s to obtain time resolved magnetic images. The microscope can also be used as a local scanning magnetometer with extremely high magnetic moment sensitivity and can measure magnetization loops of individual magnetic nanodots.
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Fig. 1. Schematic diagram of Room Temperature Scanning Hall Probe Microscope (RT-SHPM), a 50nm Bismuth Hall sensor, Magnetic &.topographic images of a CoCrTa Hard Disk

SHPMs are becoming indispensable tools for characterizing the magnetic materials at (~50nm) scale quantitatively and non-invasively. Improvements in the spatial resolution (~20-30nm), time resolution (~ps) and scan speed (~8-10 Frames/s) are all feasible, opening up new possibilities, which can not be imagined before.
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