RELATIVISTIC TRANSISTOR

ABSTRACT:

Scaling of electronic devices has today reached such levels that individual transistor dimensions are now in the sub-atomic level. At this level, the intricate properties of the quantum world, like spin of electrons can be tapped to create transistors with power and size advantages. One of the most intriguing ideas in this genre is the relativistic FET. In an ordinary FET, a metal gate controls the flow of current from a source to a drain through the underlying semiconductor. A voltage applied to the gate sets up an electric field, and that field in turn varies the amount of current that can flow between source and drain. More voltage produces more current. 

Consider, now an FET with both the source and drain as ferromagnetic metals, with the same alignment of electron spins, and have electrons injected into the source, which would align the spins so that their axes were oriented the same way as those in the source and drain. These spin-polarized electrons would shoot through the source and travel at 1 percent or so of the speed of light toward the drain. At these relativistic speeds, electric fields will have magnetic field components and so the voltage applied at the gate will magnetically torque the spin of the electrons which were earlier spin-polarized by the source. So, with a high enough gate voltage, the spins will be reversed and hence these electrons won’t enter the drain easily- so the current plummets. Here, the application of the voltage would cut off current, rather than turn it on, as in a conventional FET. To turn the current on or off would require only the flipping of spins, which takes very little energy. Also, the polarization of the source and drain could be flipped independently, offering intriguing possibilities unlike anything that can be done with a conventional FET. 

A major practical challenge here is to have the polarization of the spins survive as the electrons move through the semiconductor between source and drain. Although the seminal article was published in the journal of applied physical letters back in 1990, the idea hasn’t left the drawing boards yet due to this and other problems like getting the spins to align in the first place.
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