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Where to find the course materials?



https://siesta-project.org/siesta/index.html



https://siesta-project.org/siesta/index.html



https://siesta-project.org/siesta/index.html



How is the material organized?

siesta/
├── plot_gnuplot.sh
├── input_methane/ 
│├── siesta.fdf
│├── C.psml
│└── H.psml
├── input_graphene/ 
│├── siesta.fdf
│└── C.psf
└── slides/ 
└── hands-on_session.pdf

/users/commun/seitsonen/HANAMI/siesta/ copy

siesta/ 
├── exercise_1/
│├── create_your_own_folders
├── exercise_2/
├── exercise_3/
├── exercise_4/
├── exercise_5/
└── exercise_6/



How do we run                ?



Load de environment

source /users/commun/seitsonen/HANAMI/setup-modules.txt

module load siesta/5.4.1

#Verify siesta availability 

$which siesta:

/users/commun/seitsonen/HANAMI/sw/target/app/siesta/siesta-5.4.1/bin/siesta



Exercise 1

siesta/
├── input_methane/ 

INPUTS FOLDER
siesta/ 
├── exercise_1/

OUTPUTS FOLDER

1. Copy all files from the input folder to the exercise folder.
2. In exercise_1 folder execute the following:



What did this command do?



What are the main ingredients?

For most basic SIESTA calculations, we need at least two inputs:

● Pseudo potential files (e.g. available in PSML format from 
http://www.pseudo-dojo.org, or a PSF created with ATOM).

● An fdf file with the input options.

├── input_methane/ 
│ ├── siesta.fdf
│ ├── C.psml
│ └── H.psml

Exercise 1

http://www.pseudo-dojo.org
http://www.pseudo-dojo.org
http://www.pseudo-dojo.org


First ingredient: pseudopotential

Recommended way: get it from pseudo-dojo (pseudo-dojo.org) as a psml file.

Exercise 1



Second ingredient: What’s in the FDF?

The fdf file contains all relevant input options for our simulation: 
• Geometry information
• Atomic species information
• Level of theory
• Basis set information
• and a plethora of fine-tuning options.

Let’s have a look…

Exercise 1



What’s in the FDF? System information

All output filenames will begin with 
“ch4.”

Total number of atoms in the simulation box.

Different “kinds” of atoms present.

Note that we have to types of inputs: 
single variables, and blocks.



What’s in the FDF? System geometry

Multiplies all lattice vectors by a constant. Note 
the units.

The lattice vectors themselves.

Unit for the atomic coordinates block. Can
also be “fractional”.

Atomic coordinates and species index
(1 for C, 2 for H).



What’s in the FDF? Other options

Basis Set Options

Relates to the amount of points for grid-based 
operations.

Options for SCF acceleration.

Solver options.



What about the outputs?



What are all of these files???



What are all of these files???

Forces and Stress

KS eigenvalues

Forces on atoms

Timing information

Density Matrix Restart

Coordinate Restart

General Output file: log, out, you name it 



Outputs: siesta.out

Installation and run info, Start Time



Outputs

Species and pseudopotential information



Outputs

Basis set generation



Outputs

Coordinates and selected options



Outputs

Type of run, cell information.

Sparsity information.

Mesh information.



Outputs

Initial, non-SCF energy 
decomposition.



Outputs

SCF cycle information

Converged KS energy

Converged total forces and   
cell stress



Outputs

Final energy decomposition



Outputs

Final forces

Final stress/pressure

Electric dipole



Outputs

Primary bibliography, and end-of-run time



Other things to choose

1. Pseudopotentials
2. Functional
3. Basis set



Choosing a DFT functional

SIESTA offers different families of DFT functionals:

● LDA (CA, PW92)

● GGA (PW91,BLYP, PBE, PBESol, RevPBE)

● Van der Waals functionals (DRSLL, VV)



A peek into basis sets 

For now, we will only concern ourselves with:

● Exploring the basis set cardinality (SZ,DZ, SZP, DZP,TZP), i.e. the amount of 
basis functions per atom. In principle, more functions imply a better quality, 
but also an increase in computational costs.

● Playing with the energy shift, which essentially modifies the cut-off radius of 
the basis set. The lower the energy shift, the larger the cut-off radius of the 
orbitals.



Exercise 2 (We will improve our input)

siesta/
├── input_methane/ 

INPUTS FOLDER
siesta/ 
├── exercise_2/

OUTPUTS FOLDER

1. Copy all files from the input folder to the exercise folder.
2. In this exercise you will do a scan modifying the basis set and the energy shift value.

SZ DZ SZP DZP TZP

Energy Shifts (meV): 10 50 100 150 200 250 300

siesta:         Total =    -221.815381Everything
depends on how
you organize it

│├── create_your_own_folders



Exercise 2 (We will improve our input)

siesta/
├── plot_gnuplot.sh



Exercise 2 (We will improve our input)

siesta/
├── plot_gnuplot.sh



Exercise 3 (We will improve our input)

siesta/
├── input_methane/ 

INPUTS FOLDER
siesta/ 
├── exercise_3/

OUTPUTS FOLDER

1. Copy all files from the input folder to the exercise folder.
2. In this exercise you will do a scan modifying the mesh cutoff value.

Mesh cutoff: 30 60 90 120 150 180 210 240 270 300

siesta:         Total =    -221.815381Everything
depends on how
you organize it

│├── create_your_own_folders



Exercise 3 (We will improve our input)



Exercise 3 (Best options for CH4)

DZP

50-100 meV

150 Ry



Exercise 4 (Graphene)



Exercise 4 (k-point sampling)

siesta/
├── input_graphene/ 

INPUTS FOLDER
siesta/ 
├── exercise_4/

OUTPUTS FOLDER

1. Copy all files from the input folder to the exercise folder.
2. In this exercise you will do a scan modifying the Monkhorst_pack block.

Monkhorst block: 1, 2, 3, 4, …

siesta: k-grid: Number of k-points = 22

│├── create_your_own_folders

Y 0 0
0 Y 0
0 0 1

1 0 0
0 1 0
0 0 1

Using: Y=1

2 0 0
0 2 0
0 0 1

Using: Y=2



Exercise 4 (k-point sampling)



Exercise 5 (Plot the bands)

siesta/
├── input_graphene/ 

INPUTS FOLDER
siesta/ 
├── exercise_5/

OUTPUTS FOLDER

1. Copy all files from exercise 4 folder to the exercise 5 folder.
2. In this exercise you will redo the Graphene exercise 4 but this time 
uncomment the following options:

│├── create_your_own_folders



Exercise 5 (what did we do in these calculations?)



How do I plot the bands?

What else is there?

/users/commun/seitsonen/HANAMI/sw/target/app/siesta/siesta-5.4.1/bin/



Utilities and others

A look at the SIESTA suite:



Utilities and others

gnubands



Utilities and others

gnubands



Utilities and others

gnubands



Exercise 5 (Plot the bands)

Y=1 Y=2

Y=3 Y=4

Y 0 0
0 Y 0
0 0 1



Exercise 6 (SCF convergence)

siesta/
├── input_methane/ 

INPUTS FOLDER
siesta/ 
├── exercise_6/

OUTPUTS FOLDER

1. Copy all files from input folder to the exercise 6 folder.
2. In this exercise you will scan three keywords:

│├── create_your_own_folders

• SCF.mix density
• SCF.mixer.method linear
• SCF.mixer.weight 0.6

{ density | hamiltonian }

{ linear | Pulay | Broyden }

{ 0 | 0.1 | 0.2 | … | 1 }

0: New DM is the same as in the previous step
1: New DM is totally different from the previos step

comment:

#MaxSCFIterations 50

Add these lines in the input file



Exercise 6 (SCF convergence)

Mixing HamiltonianMixing Density Matrix



Questions?



Useful material

● Installing Siesta

● Manuals

● Tutorials

● Inputs for tutorials

https://docs.siesta-project.org/projects/siesta
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