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Simulation of Nanoelectronic Devices Using Path Integral Monte Carlo Method
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Abstract

In this paper we have simulated the two-dimensional parabolic quantum dot (2D-PQD) and dot-in-a-well
(DWELL) structures using path integral Monte Carlo (PIMC) method. We have calculated the total energy and
electron density in PQD. Furthermore, the total energy, potential energy, kinetic energy and also electron
density in several DWELL structures have been studied. Based on our simulation results, it reveals that PIMC
method is suitable for the simulation of quantum dots with different geometrical shapes and potentials. We may
simply apply variation of potential profile in its algorithm. Electron interaction consideration is another
advantage of this method that leads to avoiding simplicity approximations. With this method, we may calculate
several properties, such as the total energy, potential energy, kinetic energy and electron distribution.
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f Quantum Well (QW)

= Quantum Wire (QWR)

& Quantum Dot (QD)

* Hartree-Fock (HF)

* Density Functional Theory (DFT)

> Quantum Monte Carlo (QMC)

° Path Integral Monte Carlo (PIMC)

¢ TwoDimentional Parabolic Quantum Dot (2D-PQD)
* Dot-in-a-Well (DWELL)

< Spherical Dot-in-a-Well (SDWELL)
< Ellipsoidal Dot-in-a-Well (EDWELL)
< Conical Dot-in-a-Well (CDWELL)

f Isomorphism

“ Li-Broughton (LB)
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