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We are going to use the VIBRA suit ...
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Unit cell (in real space)

Supercell(in real space)Step 1

Build a supercell
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Step 1
Input file to run fcbuild and 
generate the supercell

Variables to define the unit cell in 
real space

Variables to define the supercell in 
real space
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INSPECT THE OUTPUT FILE 
BEFORE CONTINUE WITH THE 
TUTORIAL

This code dumps the information of the Supercell in an output file, called FC.fdf, that 
contains the structural data of the supercell, including:

● The number of atoms.

● The lattice constant.

● The lattice vectors.

● The atomic coordinates and the atomic species of all the atoms.
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Step 2

Displace the atoms in the unit cell and compute the interatomic force 
constants

We should displace one 
atom at the time, but...
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Step 2

Displace the atoms in the unit cell and compute the interatomic force 
constants

… it is not possible when 
using periodic boundary 
conditions…

IT IS IMPORTANT TO 
CONVERGE THE SIZE OF 
THE SUPERCELL
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Step 2

Displace the atoms in the unit cell and compute the interatomic force 
constants

… it is not possible when 
using periodic boundary 
conditions…

IT IS IMPORTANT TO 
CONVERGE THE SIZE OF 
THE SUPERCELL
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Input file to run siesta and 
compute the IFCs.

Si.ifc.fdf

The values are taken from the 
FC.fdf
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The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?
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The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?

1) atom 1 displaced along -x

x-axis
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The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?

1) atom 1 displaced along -x

x-axis

Measure the force 



TitleHow to compute phonons with SIESTA

Roberta Farris First steps with SIESTA: from zero to hero (2023) 8

The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?

1) atom 1 displaced along -x

x-axis

Measure the force 



TitleHow to compute phonons with SIESTA

Roberta Farris First steps with SIESTA: from zero to hero (2023) 8

The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?

1) atom 1 displaced along -x

2) +x,-y,+y,-z,+z

x-axis
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The output is a file called Si.FC that contains the force constant matrix

One atom per line

The forces are in eV/Å

How does it work?

1) atom 1 displaced along -x

2) +x,-y,+y,-z,+z

3) atom 2 displaced along -x

And so on for all the atoms in the 
unit cell

x-axis
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Step 3

Compute the dynamical matrix and diagonalize

~Dκα κ β≈
1

√M κM κ

∑
b

bmax

C κα κ β(0 , b)e
i q⃗ R⃗ b

Once the interatomic force constants in real space have been computed, a discrete 
Fourier transform is performed to compute the dynamical matrix in reciprocal space.

Then, the dynamical matrix is diagonalized and its eigenfrequencies and eigenvectors 
are computed. 

This is done using the vibra code.
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vibra < Si.fcbuild.fdf 

It generates two outputs:

● Si.bands: mode frequencies (same format as for electronic 
bandstructure) 

● Si.vectors: eigenmodes for each k-point  
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Step 4

Plot the bands

gnubands < Si.bands > Si.phonon-bands.111.dat

gnuplot 

gnuplot> plot “Si.phonon-bands.111.dat” using 1:2 with lines
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Step 4

Plot the bands
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Step 5

Test the convergence of the supercell.

One should always check the convergence of the computed phonon band structure 
with respect the size of the supercell, to be sure that all the relevant interatomic 
force constant matrix elements are included.

the simulations for larger cells require more than hour of CPU time to generate the 
force constant matrix. You can either repeat the procedure explained or directly take 
the force constant matrix prepared for you, direct output of the proposed 
simulations. The name of the output files are Si.222.FC and Si.333.FC respectively 
(FILES subfolder)
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Step 5

Test the convergence of the supercell.
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