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We present, a nuiiierical method to siniulak quantum transport in Silicon ultrashort 
channel MOSFET (DGFET). The considered model is ballistic and consists in solving 
Schrijdinger equat.ions with quantum transniitting boundary conditions, coupled to Ihe 
Poisson equation for the electrostatic potential. 
There is an enornious amount of work (see References) dedicated to numerical solution 
of Schrodinger-Poisson systems (with open boundary conditions) either by finit-e ele- 
nient/difference methods or Greens function techmiques. The aiin of our work, which is 
based on finite element approximation, is to reduce the number of grid points in order 
to lower the computational cost, while keeping a good accuracy. 
STEP I. Subband decomposition (SDM) 
The resolution of t,he Schrodinger equation in the whole 2D donlain 

is replaced by the resolution of 1D eigenvalue probleins in the confined direction 

and rnany 1D Schrodiiiger equations projected on thc transport directim 

where we have the deconiposition of the 2D wme function & ( x , z )  = z i d ( ~ ; ) x i ( z ; z ) .  
The nuniber of unknowns is thus reduced from N ,  x iV, for the standard met,hod to 
N, x hf for the SDM method, where M is the number of modes, N, resp. N, the 
nuniber of grid points in the transport resp. confined direction. 
STEP 11. WKB approximation (SDM/WKB) 
Using oscillating interpolation functions instead of polynoniial ones for the resolution 
of the 1D Schrijdinger equation? enables us to reduce significantly the nuniber of grid 
points in the x-direction. Starting from the .4nsatz @(z) = czp(iS(z)/h)u(z)> we express 
the wave function @ by nieans of the so-called WKB basis functions. These functions 
oscillate with a frequency close to that of the wave function and in the liniit Az << X 
reduces to usnd linear interpolat,ion functions. 
An extensive comparison between SDM and SDM/WKB has been performed. Accurate 
results have been obtained with niucli coarser grids and reduced computational time. 
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Figure 1: (a) Cross sections of the electron density of the potential energy at lnin from the interface 
at, l n m  from the interfaco for I%.$ = 0.1V. Full forV;;s = 0.11'. (d) 2D distribution of the CUT- 
lines: SDhl/WKB; Broken lines: SDM (b) 2D dis- reut density for Vbs = 0.1V and I'DS = 0.5V 
tribution of the electron density for 1;Cs = 0.1V (SDM/WKB). 
and VDS = 0.5V (SDM/\VKB). (e) Cross sections 
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