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Electronic structure calculations

(Dr. C.C. Fu, Dr. G. Lucas)

Introduction (Lucas)

Quantum mechanics => Schrödinger equation

Approximation of Born-Oppenheimer

Density Functional Theory (DFT)


Origin and impact (Nobel Kohn 1998)


The theorems of Hohenberg and Kohn


The equations of Kohn et Sham 


The  approximations for the exchange-correlation energy (LDA, GGA,...)


Pseudopotentials and basis functions


Limitations of DFT


Examples and applications

Discovering one DFT code : Siesta (Fu)

Descirption of the principles of the method, key choices and parameters in an input file

=> practical concepts (k-grid, electronic convergence and structural optimization...)

Example of application (1): point defects in bcc iron (Fu)

- Stability of different structural-magnetic phases of iron

- Determination of relative stabilities of different self-interstitial configurations (<110> vs. <111>)

- Effect of magnetism

- Comparison of DFT and experimental results

- Using the calculated energies as input data in a “Rate Theory” code to explore the consequences of DFT results (optional, depending on time availability)

Example of application (2): defects in SiC (Lucas)

- Band structure of SiC

- Determination of the electronic band gap (semi-conductor) and comparison with experience (“Band Gap Problem”)

- Estimate the formation energy of a self-interstitial atom:

- Show the covalent nature of the bonds (density plot)

- Calculate the migration energy barrier by using a method of saddle point searching (depending on time availability)

