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&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file



  

The Kohn-Sham Problem

The Kohn-Sham Equation

Self-Consistent Field procedure

Computed by the pw.x code of QE



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

= "scf", "nscf", "relax", "md"



  

Iterative Solution of the Kohn-Sham Equations



  

Crystal Lattice and Basis

+ =

Periodic System = Lattice + Basis



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

ibrav = 1: simple cubic
        2: fcc
        4: hexagonal
        0: manual
...

simple cubic:
a1 = a(1,0,0), a2=(0,1,0), a3=(0,0,1)

fcc:
a1=(a/2)(-1,0,1), a2=(a/2)(0,1,1), a3=(a/2)(-1,1,0)

hexagonal:
a1=a(1,0,0), a2=a(-1/2,sqrt(3)/2,0) a3=a(0,0,c/a)



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

fcc:
a1=(a/2)(-1,0,1), a2=(a/2)(0,1,1), a3=(a/2)(-1,1,0)



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

alat, units: bohr (1 bohr = 0.521977 Å)



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

fcc:
a1=(a/2)(-1,0,1), a2=(a/2)(0,1,1), a3=(a/2)(-1,1,0)



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

alat, crystal, bohr, angstrom

Simple mathematical expressions are allowed, i.e.
Si 1/4 1/4 1/4 (without spaces)



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

 = "atomic" (DEFAULT, if available)
 = "random"
 = "file"
 = "atomic+random"



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

Units: Rydberg (1Ry = 0.5 Ha = 13.6057 eV)

for ultrasoft pseudopotentials we have
ecutrho = usually 8-12 * ecutwfc (default 4*ecutwfc)

for PAW pseudopotentials
ecutrho = can be 4-8 * ecutwfc

TEST CONVERGENCE!!



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

Name of the pseudopotential file:
Si.pz-rrkj.UPF



  

<UPF version="2.0.0">
  <PP_INFO>
    Generated using "atomic" code by A. Dal Corso (espresso distribution)
    Author: ADC
    Generation date: 24May2008
    Pseudopotential type: NC
    Element: Si
    Functional: LDA

    Suggested minimum cutoff for wavefunctions:  30. Ry
    Suggested minimum cutoff for charge density: 119. Ry
    The Pseudo was generated with a Scalar-Relativistic Calculation
    L component and cutoff radius for Local Potential:  2   2.4000

    Valence configuration:
    nl pn  l   occ       Rcut    Rcut US       E pseu
    3S  1  0  2.00      2.200      2.200    -0.799991
    3P  2  1  2.00      2.400      2.400    -0.306394
    Generation configuration:
    3S  1  0  2.00      2.200      2.200    -0.799990
    3P  2  1  2.00      2.400      2.400    -0.306394
    3D  3  2 -2.00      2.400      2.400     0.200000

    Pseudization used: rrkj
  </PP_INFO>

Pseudopotential UPF format



  

Pseudopotential libraries
http://www.quantum-espresso.org/pseudopotentials/



  

Pseudopotential libraries
http://www.qe-forge.org/gf/project/pslibrary/



  

Pseudopotential libraries
https://www.physics.rutgers.edu/gbrv/



  

Pseudopotential libraries
http://www.quantum-simulation.org/potentials/sg15_oncv/



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

nk1, nk2, nk3, shift1, shift2, shift3
shift can be 0 or 1

occupations = "smearing" 
smearing = "gaussian"    or mv, mp, fd
degauss = 0.01           in Ry (careful: the 
bands

are printed in eV)

Smaller values of smearing are important for 
magnetic systems.

A small fictitious smearing can help 
convergence of molecules, small gap insulators

Some features not available for “metals” (either 
real or fake), i.e. dielectric constant, effective 
charges



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

input_dft = "pbe0"
            "b3lyp"
            "rpbe"

Do not change the Functional unless you know 
what you are doing!

The default value is determined by the 
Pseudopotential!



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

diagonalization = "david"

Very robust default algorithm, effective in parallel

Recourse to conjugate-gradient "cg" should never be 
needed: a fault in your input or bad pseudopotential is 
usually the cause of convergence problems.



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

conv_thr = 1.d-6  (DEFAULT)
           1.d-10 (tight, good for phonons)



  

Iterative Solution of the Kohn-Sham Equations



  

&control
calculation = "scf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0

/
&electrons

mixing_beta = 0.7
/
ATOMIC_SPECIES
 Si 28.086 Si.pz-rrkj.UPF
ATOMIC_POSITIONS alat
 Si 0.   0.   0.
 Si 0.25 0.25 0.25
K_POINTS automatic
 4 4 4  0 0 0

Quantum-ESPRESSO input file

Mix new and old charge density using 
Broyden scheme

Lower the parameter for difficult systems
(check also mixing_ndim)



  

Iterative Solution of the Kohn-Sham Equations



  

Equation of State

-15.9

-15.8

-15.7

-15.6

-15.5

-15.4

-15.3

-15.2

-15.1

8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13

E 
(R

y)

alat (au) 

DFT
Birch fit (ev.x)

Series of DFT calculations, fitted with the ev.x utility

# equation of state: birch 1st order.  chisq = 0.8242D-05
# a0 = 10.2054 a.u., k0 =  869 kbar, dk0 =  4.08 d2k0 =  0.000 emin =  -15.86534
# a0 =  5.40044 Ang, k0 =  86.9 GPa,  V0 =   265.72 (a.u.)^3,  V0 =   39.38 A^3 



  

&control
calculation = "relax"
prefix = "silicon" 
outdir = "tmp"
nstep = 50
etot_conv_thr = 1.d-4
forc_conv_thr = 1.d-3

/
...
&electrons

conv_thr = 1.d-8
/
&ions

ion_dynamics = "bfgs"
upscale = 100

pot_extrapolation="atomic"
/
&cell

press = 0.0
/
...

Quantum-ESPRESSO input file

vc-relax, md, vc-md

damp, verlet, langevin, ...

none, first_order, second_order

target pressure in kbar

pw.x can move the ions according to many different 
schemes: check the documentation and literature. 

Consider Car-Parrinello

Move the atoms by hand!



  

Iterative Solution of the Kohn-Sham Equations



  

Post-processing



  

Post-processing



  

&control
calculation = "bands"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0
nbnd = 20

/
...
K_POINTS tpiba_b
3
0.50 0.50 0.50 50
0.00 0.00 0.00 40
0.00 0.00 1.00 20

Quantum-ESPRESSO input file

DEFAULT : only valence bands are used
(a few more for metals)

L
X
Γ

Or set-up a path to compute the bands

Non-self consistent calculation for a series of q-points
Fermi energy is not recomputed



  

&bands
  prefix = "silicon"
  outdir = "tmp/"
  filband= "siband.dat"
  
  lsym = .true.
  no_overlap = .true.
/

bands.x input file

Can classify bands by symmetry or 
computing overlap between wavefunction 
at subsequent points

-15

-10

-5

0

5

10

15

0 0.5 1 1.5 2 2.5 3 3.5

en
er

gy
 (e

V
)

path length (2pi/alat)

Output can be plot directly
(file ".gnu") or further 
processed with plotbands.x

Many available options, depending on the 
kind of plot you want: see 
PP/Doc/INPUT_BANDS.txt



  

Post-processing



  

&control
calculation = "nscf"
prefix = "silicon" 
outdir = "tmp"

/
&system

ibrav = 2
celldm(1) = 10.20
nat = 2
ntyp = 1
ecutwfc = 16.0
nbnd = 20

  occupation="tetrahedra"
/
...
K_POINTS automatic
16 16 16  0 0 0

Quantum-ESPRESSO input file

Simple integration scheme without any free parameter, 
otherwise:

occupation= "smearing"
smearing  = "gaussian"
degauss   = 0.01



  

&dos
  prefix = "silicon"
  outdir = "tmp/"
  fildos = "sidos.dat"

/

dos.x input file

Output can be plot directly
(e.g. with gnuplot)

-15 -10 -5 0 5 10 15

de
ns

ity
 o

f s
ta

te
s

energy (eV)

Output can be plot directly
(e.g. with gnuplot)

You can also change the kind and value of 
smearing used in pw.x, many more options

(see PP/Doc/INPUT_PP.txt)



  

Tips

● Read the instructions
● http://www.quantum-espresso.org/users-manual/
● www.quantum-espresso.org/tutorials/

● Do not expect setting up a calculation to be fast and easy
● Ask for help: 

● http://www.qe-forge.org/mailman/listinfo/pw_forum

Slides material: Simone Piccinin, Paolo Giannozzi, Stefano de Gironcoli, …

Hands-on session starting at 1PM
Computer Room 119, Atrium Building
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