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2. a) The current in a MOSFET depends on the number of carriers, n, in the channel and their
average velocity, va.

In a ballistic MOSFET, n is given by the injected carriers from the source and drain, distributed in
energy and k-vector according to the equilibrium Fermi-Dirac distribution of the source/drain.
Electrons from the source all have positive k-vectors while electrons from the drain have negative.

Since there is no scattering in the channel, these two injected carrier distributions will travel in
opposite directions through the channel each with a certain average injection velocity, creating two
currents that counteract each other.

The current from the drain will diminish as the drain bias increases as the number of carriers will be
greatly reduced (exponentially) with increased drain bias. (The remaining carriers will have higher
average velocity as they reside at larger k-values, however this increase is only by VE.) In the limit
the total current will be given only by the current from the source, thus leading to current
saturation.

b) As described above, the source and drain current density in saturation is given by the injected
current from the source to the drain:

J*=qnivr
i.e. as the function of both the carrier density and the velocity of the carriers.

The injected carrier density is determined by the density of states of the source and channel
material and the source Fermi level that can be adjusted by the doping level in the source. A high
density of states leads to a high carrier concentration, and is achieved by a high effective mass.
Furthermore, the injected charge density is determined by the height of the channel barrier, which
is controlled via the gate electrode through capacitive coupling. A high gate capacitance is thus
important to achieve efficient coupling.

. e ’Zk T . . .
The carrier velocity is vy = Tm‘i_ . Thus one should have a low effective mass to achieve a high
velocity.

Overall in 2D, there is an optimum effective mass that balances density of states and carrier
velocity.
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