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real-space grids



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Quantum Espresso code

http://www.quantum-espresso.org/

http://www.quantum-espresso.org/


  

Quantum Espresso code
● Different executables for different tasks in  QEDIR/bin

● Documentation in  QEDIR/Doc/INPUT_XX.txt

Code organization
● pw.x     main code
● pp.x     data analysis
● ph.x     phonons/electron-phonon coupling
● dos.x   density of states
● bands.x       plot band structure
● pwcond.x    transmitance
● cp.x             molecular dynamics

more tools avilable:
x-ray spectra, optics ,EELS, superconductivity,
magnetic resonance (NMR), Raman, etc..



  



  



  



  



  



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  



  

Bravais Lattices: ibrav flag
https://en.wikipedia.org/wiki/Bravais_lattice

ibrav =1,3,2

ibrav =4, 5, -5

ibrav =6, 7

ibrav =8, 9, 10, 11

ibrav =12, -12, 13

ibrav =14



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  



  



  

We will use only Norm-conserving pseudo
types: mt, vbc, hgh



  



  

 &control
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS automatic
2 2 2 0 0 0

Typical input file



  

Install QE on your PC
● LINUX

● LinuxMint or Ubuntu
use “synaptic” to install “quantum-espresso” and “xcrysden”
or type 
sudo apt-get install quantum-espresso
sudo apt-get install xcrysden

● MacOSX
● Use MacPorts, open the terminal and type

sudo port install quantum-espresso
see here: https://ports.macports.org/port/quantum-espresso/

● WINDOWS
● download “putty” we will provide a server with QE and Octopus installed

https://www.putty.org/
● Install the Quantum Mobile virtual machine

https://quantum-mobile.readthedocs.io/en/latest/

We will provide two laptops 
with QE, Xcrysden and Octopus installed

https://www.putty.org/
https://quantum-mobile.readthedocs.io/en/latest/


  

First calculation: 
Self-consistent calculation for Silicon in the 

diamond structure

Espace de Travail: /media/MateriApps

First tutorial: /media/MateriApps/tutorial/examples_pwscf_ex.tgz

Unpack files:  tar zxvf  tutorial/examples_pwscf_ex.tgz 

Look the input file:  
cd examples_pwscf_ex/
emacs si.scf.in 

Run calculations!!  
pw.x <  si.scf.in  > output_scf



  

Look the output file: check electrons, convergence, etc... 



  

Using Xcrysden to verify input/output



  

Using Xcrysden to verify input/output



  

What can we do with the total 
energy?

Structure optimization, phonons, 
compressibility, phase transitions, binding 

energy, etc...



  

Second calculation: 
Optimal lattice parameter for Silicon



  

Third calculation: 
Silicon band structure

 &control
    calculation=’nscf’,
    prefix='silicon',
    pseudo_dir='./'
    outdir = ‘./',
 /
 &system    
    ibrav=  2, 
    celldm(1) =10.2, 
    nat=  2, 
    ntyp= 1,
    ecutwfc = 12.0, 
    nbnd=8
 /
 &electrons
 /
ATOMIC_SPECIES
 Si  28.086  Si.vbc.UPF
ATOMIC_POSITIONS {crystal}
 Si 0.00 0.00 0.00 
 Si 0.25 0.25 0.25 
K_POINTS tbipa

New calculation type

Number of bands

k-points list in tbipa units
(k-points list in the k-point-path file) 



  

Bands plot

 &bands
    prefix  = 'silicon'
    outdir='./'
    filband = 'bands.dat'
 /

Run bands.x  
bands.x <  bands.in  > output_scf

bands.in    file  

Plot with gnuplot
gnuplot 
gnuplot> plot ‘bands.dat.gnu’ u 1:2 w l



  

4th calculation: data analysis

  &inputpp
    prefix  = 'silicon'
    outdir='./'
    filplot = 'sicharge'
    plot_num= 0
 /
 &plot
    iflag = 3
    output_format = 5
    fileout = 'si.rho.xsf'
 /
  

    

Charge density Wave-functions
  &inputpp
    prefix  = 'silicon'
    outdir='./'
    filplot = 'sicharge'
    plot_num= 7
    kpoint=1
    kband=4
    lsign=.true.
 /
 &plot
    iflag = 3
    output_format = 5
    fileout = 'si.bands4.xsf'
 /
  

Run pp.x  
pp.x <  si.pp_rho.in  > output_pp

Visualize with Xcrysden
xcrysden --xsf si.rho.xsf



  

Data Visualization with Xcrysden
Tools→ Data grid Set Isolevel
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