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The Nobel Prize in Chemistry 1998 was awarded to W. Kohn "for his
development of the density-functional theory".
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Hohenberg-Kohn 55— 2 PR 136, B864 (1964)
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Hohenberg-Kohn 8 —E# PR 136, B864 (1964)
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Kohn-Sham F £
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Kohn-Sham FizfERIIIE & X
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Solving Kohn-Sham Y

equation input charge  NEIIRI(Y
density

Most time

consuming step Solve Kohn-Sham

equation under
fixed charge density

0CC

Calculate new (i) 2
Noye (M) =_lwi(r)
charge density o Z.:‘ ‘

() ()
Self-consistent loop My (1)~ Mo (r)H<‘9

Self-
consistent

nin(i+l) (r) = r]in(i) (r) o (1_ 0() r]out(i) (r)
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Basis
Extended Basis
Local Basis
Large Basis Small Basis
1
1
1
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I- ------- ]
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Plane wave Grid Wavelet Gaussian Atomic Orbitals
Extended
Include PBC ~ 10 - 20 /atom

Svstematically

~ 500 - 1000 /atom
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Pseudo wavefunction
h-'-"l-n..__

All-electron wavefunction =]

Cutoff radius

Pseudopotential d

All-electron potential
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First-principles pseudopotentials: History

e Zunger & Cohen, Starkloff & Joannoupoulos, Kerker: ~1978
e Hamann, Schliuter & Chang, 1979  fR<p|E[ER
e Separability
— Kleinman & Bylander, 1982
e Smoothness
— Vanderbilt, 1985

— Rappe, Rabe, Kaxiras & Joannopoulos, 1990
— Troullier & Martins, 1991

e Ultrasoft pseudopotentials AR LR FE R
— Vanderbilt, 1990

e Projector-augmented-wave (PAW) potentials
— Blochl, 1994 PAW JE3f
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@ Multi-zeta orbitals: Different radial wave functions for the same angular
momentum

@ Polar orbitals: Orbitals with higher angular momentum than valence orbitals.

B Systematically improvement: ‘SZ’, ‘DZ’, ‘DZP’ , ‘TZDP’...

2.50
SZ: Single-zeta (minimal basis set sp) i OD__
DZ: Double-zeta (2s2p) S 1sol
DZP: Double-zeta + Polar orbital (2s2p1d) S 100
_ _ 0.50
TZDP: Triple-zeta + double Polar orbital (3s3p2d) I

0.00 4 _ o

: 5 10 15 20 25 30 35 —=PW cutoff (Ryd)
Taken Si as an example (25) (71) (130) (201) (280) (369) (464) —= PW basis size
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