Laser-Induced Femtosecond Magnetic Recording:
Switching Magnets by Light
A hard disk drive (HDD) stores information in the form of small magnetic areas magnetized in opposite directions, like tiny bar magnets pointing north or south. Depending on the orientation of these bits the information can be later retrieved as "ones" and "zeros".
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The conventional way to reverse a magnetic bit is by applying a magnetic field pulse. With this technique, today, the magnetic bit in a HDD is stored in ~1 nanosecond. This time-scale was expected to be as short as desired, provided that sufficiently high fields would be available. However, it was recently predicted that no matter how short and strong the magnetic field pulse is, there is a natural limit of switching the magnetic bit on the picosecond time scale, beyond which magnetization reversal becomes chaotic. This is what was until recently called the speed limit of magnetic recording.

The work presented in this thesis brakes the speed limit of magnetic recording using an effect previously considered fundamentally impossible: all-optical magnetization reversal. 
It was experimentally demonstrated here that a single 40-femtosecond laser pulse can cause well controlled permanent magnetization reversal in a metallic alloy typically used for data storage. No external magnetic field is required for this optically-induced magnetic switching, and the stable final state of the magnetization is unambiguously determined by the helicity of the laser pulse. This meant that the value of a bit could be changed about 50 thousand times faster than the fastest conventional memory. Thus, femtosecond is one quadrillionth of a second, and 40 femtoseconds is all it takes for a bit of data to be written to a magnetic material.
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Figure: Compact all-optical recording of magnetic bits by circularly polarized femtosecond laser pulses.  The laser pulses (in red) are polarized clockwise or anti-clockwise and flip the magnetic bits (red and blue arrows) between the up and down position








