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COPMUTATIONAL DETAILS 

METHODOLOGY

• Code : VASP (Vienna ab-initio Simulation Package) 

• xc-functional  : LDA-CA 

• Cutoff energy : 300 eV

• k-points : converged for various slab structures

• Valence treatment : Ga=3d104s24p1, As=4s24p3, In=4d105s25p1

• Vacuum thickness : 10 Å

• The top 5 layers of the total 9 layers were allowed to move.

• The bottom layer was saturated with hydrogen and fixed.

A. Computational details

B. Equilibrium condition
• μIn + μAs=μInAs=μIn(bulk) + μAs(bulk) – ∆Hf

• 0< – μIn + μIn(bulk) =μAs – μAs(bulk) + ∆Hf

• -∆Hf < μAs – μAs(bulk) <0

• 𝛾surfaceA=Etot – μInNGa – μInNAs=Etot – μInAsNIn – μAs(NAs – NIn)
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𝛿E=Etot(n=8; 36AB) – Etot(n=7; 28AB) – 8μAB = 2γ(-1-1-1)-H+γ(-1 0 0)-H
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γ(100),(110)=(Etot–μGaNGa–μAsNAs)/A–γ(100),(110)-H
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γ(111)-H=(Etot–μGaNGa–μAsNAs)/A–γ(-1-1-1)-H
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γ(111)=(Etot–μGaNGa–μAsNAs)/A–γ(-1-1-1)-H

γ(-1-1-1)=(Etot–μGaNGa–μAsNAs)/A–γ(111)-H
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A. The most stable orientation? (110) at In-rich → (111)B at As-rich

B. All surface orientations exist? (111)B does not exist at In-rich → (111)B dominates at As-rich

C. How to lower surface energy? Atom addition and reconstruction of the polar surfaces

D. States in the band gap? Only for (111)B In-adatom at In-rich condition, but it does not exist at the    

equilibrium condition
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In-terminated surface = (111)A

: (111), (-1-1 1), (1 -1-1), (-1 1-1)

As-terminated surface = (111)B

: (-1-1-1), (1 1-1), (-1 1 1), (1-1 1)

A. Polar InAs {111} B. Calculation procedure for surface energy

A. Surface energy C. Stable surface structure D. Electronic structure

B. Equilibrium crystal shape

Top=Bottom → Slab geometry

Top≠Bottom → Prism geometry to separate two different surfaces
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