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Mn-doped GaAs 

Minimizing energy with respect to unit cell parameters 















atom_frac 0.0  0.0  0.0  Si 

atom_frac 0.25  0.25  0.25  Si  
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What are the units? 



What are the units? 

number of states  



What are the units? 

number of states per energy unit 



What are the units? 

number of states per energy unit per volume unit 



What are the units? 

number of states per energy unit per unit cell 

In FHI-aims and many other codes: 





Minimizing energy with respect to unit cell parameters 



Minimizing energy with respect to unit cell parameters 

Direct minimization of the energy: 

Minimizing energy with respect to unit cell parameters 

0
ε

),(1
σ

α







ij

i
ij

aRE

V



lattice vectors 

In FHI-aims, analytic stress tensor is implemented for LDA, GGA, and 

hybrid functionals 

Strain tensor (3x3, symmetric): 
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atomic positions 

stress tensor 



Interpolation of single-point calculations 

Minimizing energy with respect to unit cell parameters 



























Mn-doped GaAs 



Mn-doped GaAs 

Manipulating currents with spin and vice versa 

Giant magneto-resistance (GMR): 

• Non-volatile random-access memory (low 

power; GaMnN) 

• Ferromagnetic-paramagnetic transition 

induced by electric field 

• Turning ferromagnetism on-off optically 



(Problems  I to V) introduces basic bulk properties and  

convergence tests  
Problem I: Generation and visualization of bulk structures 

Problem II: Energy convergence tests 

Problem III: Phase stability and cohesive properties 

Problem IV: Unit cell relaxation 

(Problems  VI to VII) discusses surface calculations  

Problem VI: Electronic structure of crystal surfaces 
Problem VII: Relaxing surface structures 

Problem VIII: Magnetic Ga3MnAs4 

(Problems  VIII to IX) covers magnetism and collinear  

spin calculations on Mn-doped GaAs 

Problem IX: Ferromagnetic and antiferromagnetic  

Ga0.75Mn0.25As 

Problem V: Electronic structure and density of states 



Before we start:  


