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Nano-devices (DFT cappabilities): Multilayers, thin films 

Magnetic nanoparticles 
onto a surface: 

Energy 
barrier 

Major obstacle: 
Superparamagnetic limit 

€ 

τN = τ0 exp(KuV / kBT )
Anisotropy 

NP volume 

€ 

Ku :

€ 

V :Neel relaxation law 
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Topological Insulators 

Motivation  

Dirac cone 

Au fcc: 
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SR = HNR +HSR Scalar Relativistic Hamiltonian: 

- magnetic systems 
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- Spin – orbit coupling 
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Pseudopotential approximation 

Valence orbitals 

Nucleus  
+ core e 

 

Core e- are independent 
Bond between atoms 

Join the effect of 
nucleus + inner e- 

€ 

rc
A

€ 

rc
B

€ 

A

€ 

B

€ 

ˆ V eI
ps(r) = Vl

ps(r) lm
lm
∑ lm

Depend of each 

€ 

l€ 

ˆ T e + ˆ V eI + ˆ V H + ˆ V XC
σ[ ]ψ i

KS,σ = ε i
KS,σψ i

KS,σps 
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Pseudopotential approximation 

Valence orbitals 

Nucleus  
+ core e 

 

Core e- are independent 
Bond between atoms 

Join the effect of 
nucleus + inner e- 

  Exact potential from a radius 

Are generated for each atom using different XC 
functionals 

€ 
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B

€ 
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B
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ˆ V eI
ps(r) = Vl

ps(r) lm
lm
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Depend of each 

€ 

l

PPs must be smooth   Simplify the integrals 

Reduction of the matrix elements  Nc+Nv to Nv 

Troullier-Martins scheme 
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ATOM (PPs generator) 
Spin Polarized: Schrödinger eq.  

Fully Relativistic: Dirac:  

#.psf € 

Vl+1/ 2(r),Vl−1/ 2(r)

Spin - orbit coupling (SO): Non-local Pseudopotential operators 

€ 

J−

€ 

J+
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Fully non-local Kleinman-Bylander (KB) op. 

€ 

J−

€ 

J+

Matrix elements: M x N2 

Three center integrlas 

Matrix elements: M x N elements 

Products of two center integrals 
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ATOM (PPs generator) 
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Fully relativistic on-site Spin-Orbit (semi-local): ON-SITE  

Changing basis from (J,mJ) to (l,ml) 

On-site SO approximation if only terms involving 
orbitals of the same atom are included 
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Off-Site Spin Orbit Coupling (SIESTA cappabilities) 

- Total Energy calculations including ESO: 

- Forces: 

 - Mulliken analysis population. Magnetic moments, magnetization (Sx,Sy,Sz), etc. 

- Projected density of states 

- Calculation of band structures 

- LSDA + U 

- Different vdW schemes.   
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Practicals (SIESTA manual) 

SIESTA manual 
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Mesh cutoff [Ry] 

FePt – L10 

K-points sampling  
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Some results 

Metalic alloys L10 

A: M 
B: NM 
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Some results 
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Thank you very much! 
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ATOM (PPs generator) 
Spin Polarized: Schrödinger eq.  

Fully Relativistic: Dirac:  

#.psf 

€ 

Vl+1/ 2(r),Vl−1/ 2(r)

Spin - orbit coupling (SO): Relativistic Pseudopotentials  

€ 

J−

€ 

J+
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