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Introduction to the
SIESTA method

Some technicalities
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LinearLinear--scalingscaling DFT DFT basedbased onon
NumericalNumerical AtomicAtomic OrbitalsOrbitals ((NAOsNAOs))

• Born-Oppenheimer

• DFT

• Pseudopotentials

• Numerical atomic
orbitals

• Numerical evaluation of
matrix elements

• relaxations, MD, phonons.

• LDA, GGA

• norm conserving, factorised. 

• finite range

P. Ordejon, E. Artacho & J. M. Soler , Phys. Rev. B 53, R10441 (1996)

J. M.Soler et al, J. Phys.: Condens. Matter 14, 2745 (2002)
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MatrixMatrix equationsequations::



Self-consistent iterations
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  ρ
r r ( ) = ρatom r r ( )∑

Initial guess

out
νµρ ,

Total energy
Charge density

Forces
<− inout

νµνµ ρρ ,,

  
ρ r r ( ) = ρµ,νφµφν

µ,ν
∑

Mixing inout
νµνµ ρρ ,, ,



BasisBasis SetSet: : AtomicAtomic OrbitalsOrbitals
s
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Strictly localised
(zero beyond a cut-off radius)



LongLong--rangerange potentialspotentials
H = T + Vion(r) + Vnl+ VH(r) + Vxc(r)

Long range
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δVH(r) = VH[ρSCF(r)] - VH[ρatoms(r)]
Vna(r) = Vion(r) + VH[ρatoms(r)] Neutral-atom potential

H = T + Vnl + Vna(r) + δVH (r) + Vxc(r)
Two-center

integrals Grid integrals



SparsitySparsity
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1 2
3

4

5
1 with 1 and 2
2 with 1,2,3, and 5
3 with 2,3,4, and 5
4 with 3,4 and 5
5 with 2,3,4, and 5

KB pseudopotential projector

Basis orbitals
Non-overlap interactions

Sµν and Hµν are sparse

ρµν is not strictly sparse 
but only a sparse subset 
is needed



TwoTwo--centercenter integralsintegrals
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Convolution theorem
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GridGrid workwork
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EggEgg--box box effecteffect
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E
x

Grid points

Orbital/atom

•Affects more to forces than to energy
•Grid-cell sampling



GridGrid smoothnesssmoothness: : energyenergy cutoffcutoff
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∆x  ⇒ kc=π/∆x  ⇒ Ecut=h2kc
2/2me



GridGrid smoothnesssmoothness: : convergenceconvergence

2)/( xEcut ∆= π
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BoundaryBoundary conditionsconditions
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IsolatedIsolated objectobject ((atomatom, , moleculemolecule, cluster):, cluster):
OpenOpen boundaryboundary conditionsconditions ((defineddefined atat infinityinfinity))

3D 3D PeriodicPeriodic objectobject ((crystalcrystal):):
PeriodicPeriodic BoundaryBoundary ConditionsConditions

MixedMixed: : 
1D 1D periodicperiodic ((chainschains))
2D 2D periodicperiodic ((slabsslabs)

Unit cell

)
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