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Outline

• Density Functional Theory (DFT)
• local-density approximation (LDA)
• Exchange-correlation energy 

functional
• Limitations of LDA
• Attempts on improving LDA



Density Functional Theory (DFT)
Hohenberg-Kohn Theorem, PR136(1964)B864

• The ground-state energy of a system of 
identical fermions is a unique functional of 
the particle density.

• This functional attains its minimum value 
with respect to variation of the particle 
density subject to the normalization 
condition when the density has its      
correct values.



Hohenberg and Kohn



(H1-V1=H2-V2)



Total energy functional

Kohn-Sham eq., PRB(1965)
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Homogeneous electron gas (plane waves)



Exchange-correlation functional



Spin-polarized LDA (LSDA-GL)



Generalized Gradient 
Approximation (GGA)



GGA-PW91
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Self-consistent field (SCF) 
calculations

mixing: Linear, Broyden, …



Insufficiencies of LDA

• Poor eigenvalues, PRB23, 5048 (1981)
• Lack of derivative discontinuity at integer 

N, PRL49, 1691 (1982)
• Gaps too small or no gap,                      

PRB44, 943 (1991)
• Spin and orbital moment too small,    

PRB44, 943 (1991)
• Especially for transition metal oxides







Attempts on improving LDA
• Self-interaction correction (SIC)                    

PRL65(1990)1148
• Optimized effective potential method (OEP)
• Hartree-Fock (HF) method, PRB48(1993)5058
• Time-dependent density functional (TDDFT)
• Quantum Monte-Carlo method (QMC)
• Dynamical Mean Field Theory (DMFT)
• GW approximation (GWA), PRB46(1992)13051, 

PRL74(1995)3221
• LDA+Hubbard U (LDA+U) method, 

PRB44(1991)943, PRB48(1993)16929



LDA+U PRB44(1991)943, PRB48(1993)169

• Delocalized s and p electrons : LDA
• Localized d or f electrons : +U          

using on-site d-d Coulomb interaction 
(Hubbard-like term)

UΣi≠jninj
instead of averaged Coulomb energy

UN(N－1)/2
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1. login your account, change password of vnc (X-window) server:
%vncpasswd
2. Start vncserver:
%vncserver
………..
Log file is /home/cms1/.vnc/hcserver.cluster:4.log
3. Open vnc viewer on your PC

4. key-in your vnc password



Log file is /home/cms1/.vnc/hcserver.cluster:1.log





xmgrace















Optimize lattice constant

cell parameter

eV/cell

Equilibrium lattice constant



Working list

• Setup bulk calculation for Si(Dia) using sufficient 
k-points, and experimental lattice structure as 
input

• Vary the lattice from –5% to 5% and redo the 
bulk calculation to find out the equilibrium lattice 
constant of Si(Dia)

• Setup a convergent bulk calculation for Cu(FCC)
• Find out the equilibrium lattice constant for 

Cu(FCC) using LDA and GGA



Optimize the Si(Dia) lattice 
constant

• Revise the lattice constant in POSCAR by 
5.43*0.99, redo the bulk calculation to obtain the 
total energy (E0 in OSZICAR)

• Redo 5.43*0.98…, 5.43*0.95, record the total 
energies

• Redo 5.43*1.01, …, 5.43*1.05, record the total 
energies

• Plot the energy (E) vs lattice constant (A) plot for 
Si(Dia) using xmgrace



LDA vs GGA

• Setup a convergent bulk calculation for 
Cu(FCC) using LDA

• Find the equilibrium lattice constant for 
Cu(FCC) using LDA

• Redo the calculations using GGA 
approximation by using GGA 
pseudopotential (potpaw_GGA) and 
adding a new line in INCAR:

GGA = 91



Homework 
please Email to jeng@phys.sinica.edu.tw

• Using sufficient k-points to find out the 
equilibrium lattice constants of Si(Dia) and 
C(Dia) and compare with the experimental 
lattice constants

• Make a total energy (E) vs lattice constant 
(A) plot using xmgrace for Si(Dia) and C(Dia) 
with LDA and GGA

• Make a E-A plot for Cu(FCC) using LDA and 
GGA


