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*G)H&R� ORDG�ZLWK�D�SHDN�FXUUHQW�GHQVLW\�RI�a���[�����A/cm2. Magneto-optical Kerr effect (MOKE) microscopy images 
indicate that the GdFeCo load toggles magnetization with each electrical pulse, just as with optical pulses  (Fig 1b). 

We then performed time-resolved MOKE experiments to study the magnetization dynamics of GdFeCo following  
excitation by the electrical pulses. The amplitude of the electric pulse was varied by changing the bias voltage of the 
CPS. For electrical pulses with absorbed energy densities less than 1.24 mJ/cm2 (with respect to the surface area of 
GdFeCo), the GdFeCo only demagnetizes , followed by magnetization recovery. At 1.3 mJ/cm2, the GdFeCo switches 
its magnetization within 10 ps of the arrival of the electrical pulse (Fig 2a). An optical pulse with a similar heating 
pulsewidth (6.4 ps) appears to need a higher critical absorbed fluence of 1.65 mJ/cm2 to drive AOS in the same GdFeCo 
film (Fig 2b). The magnetization recovery following irradiation with the optical pulse is also slower than with 
electrical pulse. We believe that the spin currents arising from the Pt and Ta layers sandwiching the GdFeCo following  
an electrical pulse might lead to the lower energy and faster recovery time in the electrical pulse toggling experiments .  

The energy density required to switch the magnetization in our device is 13 aJ/nm3. For a cell size of (20 nm)3, which 
is typical for memory devices, switching should be possible with as low as ~4 fJ of energy (peak current of 3 mA). 
The Auston switch is not necessary to generate ps  electrical pulses; the demonstration of 5-ps gate delay with 45-nm 
CMOS technology [2] indicates that sub-10 ps pulses can be generated on-chip with existing CMOS electronics.  




