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   The continuing progress in silicon VLSI technology challenges the transition to silicon-on-insulator (SOI) wafers. Just these structures definitely suppress short channel effects which substantially impair the bulk silicon MOSFET performance. The ultra-thin (1-5nm) fully depleted silicon will be a structure to take an ultimate advantage of SOI wafers and to provide an advancement of silicon technology to the extreme channel length of about 5-10nm.

   All requirements set to transistors are controversial, therefore, thorough optimization is indispensable. The role of computer simulation becomes extremely significant. Nowadays, the variety of approaches to all-quantum simulation of nanoscale transistors is in progress. 

   Actually, in transistor of the kind the carriers (electrons and holes) behave as de Broglie waves (modes) in a waveguide rather than classical particles. 
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Figure 1. Schematic view of a SOI MOSFET with unintended impurities inside a channel. 
  The intermediate model and associated program BALSOI already developed at FTIAN [1-2] were stepping to all quantum simulation of a nanoscale transistor. They look as quite adequate for simulation of SOI MOSFETs with a channel length down to 50nm. The model was based on factorization of the electron motion inside the channel into quantum transversal and classical longitudinal motion.    
   The all-quantum 3D simulation program QUASOI is now elaborated. It is based on a self-consistent solution of Schrödinger equation and Poisson equation. We intend to calculate the transmission coefficients Tij from incident i-th waveguide mode into coming out j-th waveguide mode from Schrödinger equation and then evaluate the dependence of current I upon source-drain voltage Vsd via Buttiker-Landauer formalism: 
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where fS and fD are Fermi-Dirac distribution functions in a source and drain contact, respectively. 
   However, the direct solution of the stationary Schrödinger equation with the help of a finite difference scheme comes across a well known instability caused by evanescent modes. They inevitably originate from errors of truncation in a computer. Moreover, the upper evanescent modes grow much faster than lower ones. In fact, the exponential growth of upper modes makes a computation impossible. 
   We endeavor to circumvent such a shortcoming and achieve stabilization by quite explicit means. Namely, only several evanescent modes are involved into calculation. 

   The exact solution of Schrödinger equation is presented as an infinite sum of all transversal modes (either, running and evanescent ones) with amplitudes depending on a longitudinal coordinate. The rate equations for amplitudes bind different modes via matrix elements of potential in a channel.  First of all, for finite number of modes the transfer matrix is calculated and then transition coefficients for conducting (running) modes are determined after the zero boundary conditions for increasing evanescent modes are posed at the channel ends. Since matrix elements for upper modes rapidly regress with rising a mode number this allows them to be restricted within a fairly small quantity. Actually, the sufficient quantity is determined during practical simulation.
   The main goal of all-quantum simulation is to clarify the impact of interference on charged impurities and quantum reflection from self-consistent potential on I-V curve reproducibility for different randomly doped transistors in a circuit. Hopefully, the interference on charged impurities and quantum reflection do not substantially deteriorate ON-state current. The reason is that the self-consistent potential turned out to be fairly smooth. Meanwhile, the bare Coulomb potential of impurities is really screened by nearby source/drain contacts and gate. No doubt, it could be confirmed rigorously only by simulation.  

    Any existing approaches to simulation of open systems (quantum as well as classical ones) must start from the boundary where the distribution function of incoming particles is known, for instance, see for the above expression of Buttiker-Landauer formalism. The only region where this function is known for sure is a quasi-equilibrium heavily doped source/drain contact. However, the simulation becomes very much complicated and time-consuming when contacts are involved. The reason is a strong scattering and a big number of occupied modes inside a contact. 

  The milestone of our approach is based on a high self-consistent potential barrier originating at the boundary between heavily doped source/drain contacts and undoped channel [1, 2]. Most of particles (or waves) are reflected by the barrier and return to the contact. They are in equilibrium with the contact reservoir however intensive is scattering in it. They could be easily put into consideration via Fermi-Dirac statistics and Poisson equation for the self-consistent field. Herewith, no dynamic equations (nor quantum, nor classical) need to be solved. The numerical solution of dynamic equations (Schrödinger equation in the case) is only required for particles which surmount the barrier and contribute to current. The portion of those particles in realistic structures approximately equals 1/100. So this method results in an essential speed up of the simulation program, at least by a factor of 100. 
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