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Introduction: Defects in Silicon Devices
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Transition state methods identify defect geometries

Molecular dynamics and dimer method
e Provides candidate structures for defects and
saddle points [6]
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Mobile single interstitials first precipitate small compact defects and then larger, extended Climbing “Jacob’s ladder™ of density functionals

clusters. The compact four-interstitial can frustrate the growth of extended structures.

improves the accuracy for defect formation energies.

The highest rung-hybrids—agree with QMC.
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Methods: A Multiscale Approach
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:> Electronic structure methods refine geometries and pathways

Hohenberg-Kohn Theorem (1964)
The ground state energy given by its electron density n(r).
* Nobel prize in chemistry 1998 (Kohn and Pople)
e Most widely used “first principles” method

Checking the accuracy of the unknown density functional
e Climbing “Jacob’s ladder” to heaven of chemical accuracy [3]
e Comparison to experiment or quantum chemistry
* Benchmark calculations by quantum Monte Carlo

local density

:: > QMC determines accuracy of atomistic parameters

* Stochastic solution of the many-body Schrodinger
equation
» Explicitly includes electron-electron correlation

and exchange via many-body wavefunctions

e Variational Monte Carlo: Optimizes the
wavefunction by energy minimization [4].

e Diffusion Monte Carlo: Solves imaginary time
Schrodinger equation and projects out the ground
state [S].
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