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Fluorite structure (sg 225)
CaF2 ↔ AsCd2
Conventional cell: 12 atom (sc)
Primitive cell:  3 atom (fcc)
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First principles defect calculations
• Cd interstitial on empty site 
• Cell size dependence 

80 to 320 atoms
• DFT-PBE functional  (vasp)
• DFT-SCAN + spin-orbit
• QSGW electronic structure (questaal) 

Defect formation energy
• Charged states in semiconductors 
• In metals usually only neutral (q=0)

Unintentional n-doping in Cd3As2

Brooks et al, under review
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Defect behavior
• Defect state vs 

band continuum
• Cdi donors
• VCd acceptor
• VAs amphoteric

DOS
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Band filling energies
• Dopant donates electrons
• Concentration dependence 
• BF energy recovers

charged defect ∆HD

• Cdi
0 better described as

Cdi
2+ + 2e

Origin of cell size dependence of ∆HD
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• SCAN lies halfway between standard DFT (GGA) and QSGW
• Upward shift of s-like Cd and As states, analogous to semiconductors
• Offset ∆EDP −0.19 eV on absolute energy scale

Electronic structure: Level of theory
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Electronic structure: Band inversion and absolute energy scale

s

Cd-s and As-s onsite potential Offset ∆EDP −0.19 eV on absolute energy scale

∆EDP
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• Cdi and VCd are dominant defect, 
difference determines doping

• Defect equilibrium with charge balance 
(defects and carriers)

Defect equilibria

QSGW DOS
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Doping type inversion

• Non-monotonic temperature 
dependence of EF

• Doping inversion from n- to p-type
(As-rich high Tg)
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