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Real space grid: MeshCutoff

What is it set by the user?
Mesh.Cutoff 300 Ry (default)

What is set by siesta?

MESH =18 x 18 x 30

= 9720

Mesh cutoff (required, usec) =

Mesh.Cutoff 100 Ry

100.000 101.039 Ry

How can one decide the good value?

Minimize the total energy.

Total force to zero.

Reasonable time (relatively small systems)



Real space grid: MeshCutoff
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Results for methane (CH4)
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Real space grid: MeshCutoff

Energy siesta: Final energy (eV):
—215.0 A ... ........ @ @ oo ocoomoocooos (" pecpecsocacoonnd @ Y
—215.5 A

= @O @ @@ @ - = °

g

= —216.0 - @~ SZ

= >

o @ SZP d

% —216.5 A @ DZ w

— @~ DZP <

|9 —217.0 - .‘ ........ ® @ ST — [ Y @ e ®
—217.5 A

.. ........ o - @ @ Q@ @ @ s o
50 100 150 200

Meshcutoff (Ry)

0011
:.>
0.00 A @ @ ®
—0.01 4
—0.02 1
e S/
—0.03 | o SZP
—0.04 - L
@ DZP
50 100 150 200

Meshcutoff (Ry)




Egg-box effect
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Mesh shift

AtomicCoordinatesOrigin

Solution:

0.0 0.0 0.0 - Increase Meshcutoff
$endblock AtomicCoordinatesOrigin - Use “grid-cell-sampling”

Results for magnesium oxide (MgO)




Tutorials

This set of tutorials will guide you in the exploration of Siesta's features.

L ' .
e t S t ry I t Before you do anything else, start here. You need to set up your local working environment to

follow the tutorial.

« Setting up the local working environment for the tutorial exercises

Basics of Siesta

This section is recommended for all beginners, and also as a refresher for more experienced users.

* A first encounter with Siesta
* First crystals
+ Pseudopotentials
+ Basis sets
« Basis set optimization
day2/03-Real SpaceGrid
* Sampling of the BZ with k-points
* The self-consistent-field cycle
« Structural optimization using forces and stresses
« Vibration modes and phonons

« Magnetism



Reciprocal space grid: k-mesh

e Whatis it set by the user?

- $block kgrid Monkhorst Pack
o kgrid cut off A e
o Monkhorst Pack grid 0 6 0 0.0

O 0 1 0.0
e What is set by siesta? sendblock kgrid Monkhorst Pack

o SystemlLabel KP

1
1 22
. ? D_ : 1 -0.447497E+00 -0.258363E+00 0.000000E+00 0.555556E-01
, 2 -0.223749E+00 -0.129181E+00 0.000000E+00 0.555556E-01
e How can one decide the good value X | e bsmscones o onseren o
M 't B 't ‘t 't ‘t 't‘t ‘[ B | 4 0.671246E+00 0.387544E+00 0.000000E+00  0.277778E-01
O d h b h | N 1 5 -0.447497E+00 0.111022E-15 0.000000E+00 0.555556E-01
US COnSI er e ra IO e Ween e a ICe VeC orS Q I 6 -0.223749E+00 0.129181E+00 0.000000E+00 0.555556E-01
. cs : 7 0.000000E+00 0.258363E+00 0.000000E+00 0.555556E-01
O CheCk. - 1 8 0.223749E+00 0.387544E+00 0.000000E+00 0.555556E-01
E 9 0.447497E+00 0.516726E+00 0.000000E+00 0.555556E-01
[ | DOS O | 10 0.671246E+00 0.645907E+00 0.000000E+00  0.555556E-01
P— : 11 -0.447497E+00 0.258363E+00 0.000000E+00 0.555556E-01
(7p) 12 -0.223749E+00 0.387544E+00 0.000000E+00 0.555556E-01
u BandStrUCture >\ : 13 0.000000E+00 0.516726E+00 0.000000E+00 0.555556E-01
H H H I 14 0.223749E+00 0.645907E+00 0.000000E+00 0.555556E-01
o For metallic systems more k points will be needed. @ | 5 (ieace o mesm0 o.000000me00 02555601
I 16 0.671246E+00 0.904270E+00 0.000000E+00 0.555556E-01
: 17 -0.447497E+00 0.516726E+00 0.000000E+00 0.277778E-01
y 18 -0.223749E+00 0.645907E+00 0.000000E+00 0.277778E-01
1 19 0.000000E+00 0.775088E+00 0.000000E+00 0.277778E-01
: 20 0.223749E+00 0.904270E+00 0.000000E+00 0.277778E-01



Tutorials

This set of tutorials will guide you in the exploration of Siesta's features.

L ' .
e t S t ry I t Before you do anything else, start here. You need to set up your local working environment to

follow the tutorial.

« Setting up the local working environment for the tutorial exercises

Basics of Siesta

This section is recommended for all beginners, and also as a refresher for more experienced users.

* A first encounter with Siesta
* First crystals

+ Pseudopotentials

+ Basis sets

« Basis set optimization

* The real-space grid

day2/04-KpointSampling

* The self-consistent-field cycle

« Structural optimization using forces and stresses
« Vibration modes and phonons

« Magnetism



SCF Convergence

Initial guess
No

is mixed:
o Density matrix
o Hamiltonian matrix
Self- e Mixing algorithm:
consistent o Linear

?
o Broyden
o Pulay N previous steps

Solve KS equation

Calculate electron density

Output quantities




SCF convergence

SCF.Mix [default Hamiltonian]:
o Density -> for systems hard to converge
o  Hamiltonian
SCF.MixerMethod [default Pulay]
o Linear
o Pulay
o Broyden
SCF.Mixer.Weight [default 0.25]

o  0.007 systems hard to converge ->a lot of
steps
0 0.4 systems easy to converge -> reduce
steps
SCF.Mixer.History [default 2]
Max.SCF.lterations [default 1000]
SCF.DM.Converge F [default T]

SCF.H.Converge F [default T]

SCF.Mix Hamiltonian
SCF.MixerMethod Pulay
SCF.Mixer.Weight 0.3

SCF.DM.Tolerance 104
SCF.H.Tolerance 103 eV

Max.SCF .lterations 75

SCF.MixerMethod pulay
SCF.Mixer.Weight 0.2

SCF.Mixer.History 5

More advanced options ... (manual)



SCF convergence

SCF cycle converged

# SCF iterations
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Results for methane (CH4)
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Tutorials

This set of tutorials will guide you in the exploration of Siesta's features.

L ' .
e t S t ry I t Before you do anything else, start here. You need to set up your local working environment to

follow the tutorial.

« Setting up the local working environment for the tutorial exercises

Basics of Siesta

This section is recommended for all beginners, and also as a refresher for more experienced users.

* A first encounter with Siesta
* First crystals

+ Pseudopotentials

+ Basis sets

« Basis set optimization

* The real-space grid

» Sampling of the BZ with k-points
day2/05-SCF-Options » The self-consistent-field cycle
« Structural optimization using forces and stresses

« Vibration modes and phonons

« Magnetism



How do | converge the whole calculation?

Optimize the Basis set
Converge real space mesh: Energy
(Converge K grid: increase it for metallic systems)

SCF mixing

= Y
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