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Quantum Espresso & Wannier90
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Ultra-dense electron structure
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The transport Eliashberg function

Band velocities and delta function need 
ultra-dense electron structure  
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For example: 1000 ⨉ 1000 k-points or q-points

How we can do that with density function theory ???

Bulk Si



Tight-binding 

3

  

  

BZ

R

Wannier 
funcitions

Wave functions from 
DFT calc.

Compact mapping of Bloch states into local orbitals

DFT calc. on 
coarse grid

Wannier 
interpolation

Cheap calc. on 
fine grid

orbitals orbitals

Graphene

N. Marzari et al, Rev. Mod. Phys. 84, 
1419 (2012)



How to run a Wannier90 calculation
http://www.wannier.org/download.html



How to run a Wannier90 calculation
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Relaxed structure (pw.x) Calculates the minimum energy and 
the ground state density of system.

BAND-NSCF (pw.x)

bands.x

plotband.x

NSCF 
(pw.x)

Wannier preprocess
(wannier90.x -pp)

pw2wannier90.x

Wannierization
wannier90.x

QE way plot to band 
structures

Calculates the wavefunctions

Reads the W90 input file and 
prepares a file (.nnkp)

Interface program (QE and W90): 
reads the wavefunctions, the .nnkp file 
and produces the .mmn, .amn, .eig, ... 
files for W90

Reads the files produced by the 
previous step, calculates WF, 
calculates transport properties, ...



QE & Wannier90
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QE with coarse 
10-grid

QE & W90 with 
fine 100-grid

WFs
(interpolate)
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QE & Wannier90

SWNT (10, 0)



Thermoelectricity
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Boltzmann transport equation

Thermopower

Ab initio (DFT)
Ultra-dense electronic structure

;

Seebeck coefficient

Electronic  
thermal conductivity

Electrical conductivity



Thermoelectricity
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N. T. Hung, et al, PRB 92 (2015) 165426.



Exercises

/graphene-wannier90/

Files for Wannier90
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Band structures Phonon dispersions
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