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Coincidence Lattice Condition:

Local translation symmetry is broken, while long range translation symmetry emerges.

Too large supercell, too many atoms, eg:
3.89° twisted 𝑀𝑜𝑇𝑒2 moire cell: 1302 atoms
AB stack 𝑀𝑜𝑇𝑒2/𝑊𝑆𝑒2 moire cell: 1095 atoms

Bring too much computational cost……

OpenMX-𝑂(𝑁) method:
Truncate the hopping, divide the problem into
small clusters to decrease computational cost.

Twisted Moire Cell
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Why OpenMX

1、Use OpenMX to perform SCF calculation.
OpenMX is based on localized pseudoatomic orbitals (PAOs) and a 

pseudopotential method. This scheme has natural advantages for giving 

tight-binding Halmiltonian.

2、Use 𝑂(𝑁) Krylov subspace method in 

OpenMX.
Truncate the sphere near the center atom, then calculate it in chunks with 

much smaller computational cost.

3、Getting H(k) relatively easier than VASP.
Read from *.scfout file, just need a Fourier transform.

4、Use Lanczos + shift inverse, get target bands.

Ref: PhysRevB.105.125127



Code implementation

Read scfout:
Read Hks and iHks when SOC, read OLP

read OLPpox OLPpoy OLPpoz and density matrix, then free them

Construct OLP with PETSc
Find the MaxAmplitude, set sparse matrix cutoff=MaxAmplitude/108

Perform F.T, insert value into PETSc matrix.
Free OLP, then assemb OLP_petsc.

Construct H with PETSc
Insert value by chunks and free H in time.

Diag Hamiltonian with target energy (Ef)
Import Slepc to calculate the eigen value near Ef

Sort the eigen value and output
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Twisted 𝑴𝒐𝑻𝒆𝟐: crystal structure

Bulk: 𝑎 = 3.519 𝑐 = 13.976 Monolayer: 𝑎 = 3.518 𝑐 = 13.976
Bilayer: 𝑎 = 3.5228 𝑐 = 13.976 (in unit of Angstrom)

AB stacking: the stable one
AA stacking: with large interlayer distance
Moire structure: 
Various twist angles from coincidence lattice method:
13.2°, 9.43°, 7.34°, 4.41°, 3.89°, 3.48°
AA configuration: 𝐶3𝑧, 𝐶2𝑦
AB configuration: 𝐶3𝑧, 𝐶2𝑥
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Summary and Outlook

Twisted bilayer and multilayer system with novel electronic states bring 
too much computational cost to DFT calculation.

OpenMX with 𝑂(𝑁) method deals with this problem efficiently.

Lanczos + shift inverse can reduce computational cost further based on 
OpenMX SCF Hamiltonian and Overlap.

Outlook:
1、Continue to optimizing the code

decrease the memory cost;
optimize the parallel computing…

2、Find new way to locate the E-fermi accurately
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