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A family of simple and efficient quantum-mechanical models for simulation of modern nanoscale devices is
presented. These models are used for quantitative calculations of quantum currents in nanoscale electronic de-
vice. Specifically, we used them to simulate the tunneling current through thin barrier in vertical cavity surface
emitting laser (VCSEL), direct and reverse tunnel currents through the tunnel junction, Schottky contact etc.

The models have been successfully implemented within the drift-diffusion approach of our Semi-Device
solver. We provided a series of simulation and compared these simple models with published data, experi-
mental measurements and other complicated models including Wigner function method, quantum Boltzmann
transport models and others [1,2].

Our main conclusions are: the proposed models are quite accurate, and computationally efficient. The re-
sults for single barrier device show a good comparison with Wigner function method results. Schottky contact
model compared well with experimental measurements. Tunnel junction model has correctly demonstrated
negative differential resistance for forward bias and exponentially growing current for the reverse bias. The
implementation is self-consistent, has no tune up parameters, and has not caused slow convergence or numer-
ical instability in the validation test provided.

Experimental data for a single barrier device would be the best test case, but they are not available. Instead,
we choose the single tunneling barrier test problem. This problem has been solved by different methods and
independently by different authors. The test structure consists of / 2.5 nm 0.22V AlGaAs / barrier in / 40
nm GaAs / AlGaAs / device. This problem was solved by (i) Wigner function method [9], and (ii) using the
Quantum Boltzmann transport equation [1,2], (iii) Boltzmann transport equation [1,2], (iv) the DD model [1].
More details on this can be found in [1,2].
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