Getachew Abebe Faris - EST3 Fellows 

SOI MOSFET - Simulated Results and Discussion 
Internal report – UPB, 2008

1. Physical Characteristics of SOI MOSFET
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Figure 1 Potential Distribution in SOI MOSFET
We have seen from the simulated results that the electric field is zero in the neutral regions outside depletion region (Xd). Thus there is a constant potential in the neutral n material and p material. Xd is the transition region and a potential difference фo =фn – фp is called contact potential. The contact potential appearing across Xd is a built in potential barrier, in that it is necessary to the maintenance of equilibrium at the junction; it does not imply any external potential. Indeed, the contact potential can not be measured by placing a voltmeter across the devices, because new contact potentials are formed at each probe, just canceling фo.
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Figure 2 Electric Field Distributions in SOI MOSFET
From the above figure one can realize that the high fields occur at junctions of the source and drain regions, and the electric field is zero in the neutral regions outside Xd. Poisson’s equation can be solved yielding the electric field as a function of the potential in the semiconductor. A solution for the electric field and/or the potential as a function of position cannot be obtained analytically. This requires a numeric integration. Combining the electrical field and the surface potential yields the gate voltage, since the field in the semiconductor and that in the oxide are related by their respective dielectric constants. The breakdown voltage (VB) of the device can be determined from the above simulated output graph.
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Figure 3 Average Velocity in SOI MOSFET
A variation of the electron velocity as a function of the placement of a single impurity at various positions in the channel is shown in the above figure. In many cases an upper limit is reached for the carrier drift velocity in a high field. This limit occurs near the mean velocity (≈ 105 m/s) and represents the point at which added energy imparted by the field is transferred to the lattice rather than increasing the carrier velocity. The result of this limited velocity is a fairly constant current at high field and this will ensure that the matched electron velocity at high fields results in reducing negative conductivity and current instabilities in the sample. 
Interestingly, this model predicts a velocity overshoot. This velocity overshoot is rarely observed in the Monte Carlo simulations and thus termed spurious velocity overshoot.
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Figure 4 Electron Densities in SOI MOSFET
At equilibrium, no net current flows in a semiconductor. Thus any fluctuation which would begin diffusion current also sets up an electric field which redistributes carriers by drift. Here we can see from the above figure that the maximum doping concentration for the source and drain is ~ 2x1018cm-3 and for the gate is ~ 1018cm-3 which matches with the typical doping levels for such a sample. 

The doping levels have to be high enough to prevent punch-through break-down due to Drain Induced Barrier Lowering (DIBL) in the MOSFETs, but low enough to keep the threshold voltages acceptably small.

