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How to plot the Fermi surface using 
SIESTA and WANNIER90



We are going to plot the Fermi surface of 
electron-doped bulk SrTiO3

To charge slightly the bulk unit cell of SrTiO3, 
introduce the following line in the input file 

NetCharge -0.10

Then, follow step by step all the process described in the 
exercise about the Wannier functions



How to plot the Fermi surface
WANNIER90 has produced a file called seedname.bxsf

2

-rw-r--r-- 1 javier staff 9209 5 may 17:55 SrTiO3.info
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_Sr_4s.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_Ti_3s.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_Ti_3p.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_Sr_4p.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_Ti_3d.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_O_2s.EIGFAT
-rw-r--r-- 1 javier staff 86009 5 may 17:55 SrTiO3.fatbands_O_2p.EIGFAT

$ siesta < SrTiO3.fdf > SrTiO3.out

$ cp SrTiO3.bands.WFSX SrTiO3.WFSX
$ <your_path_to_siesta_directory>/Util/COOP/fat SrTiO3

$ xcrysden --bxsf SrTiO3.bxsf

fermi_energy = -4.7474 ! The value of the Fermi energy (-4.7474 eV)
! was obtained from the initial first-principles
! simulations with Siesta

fermi_surface_plot = true ! This orders Wannier90 to generate the
! Fermi surface for SrTiO3

<your_path_to_siesta_dir>/Util/Bands/new.gnubands SrTiO3.bands > SrTiO3.bands.dat

$ gnuplot
gnuplot> set yrange [-70:5]
gnuplot> plot "SrTiO3.bands.dat" u 1:2 w l,
"Sr.4s.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"Sr.4p.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"Ti.3s.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"Ti.3p.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"Ti.3d.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"O.2s.dat" using 1:2:(4*$3) with points pt 6 ps variable,
"O.2p.dat" using 1:2:(4*$3) with points pt 6 ps variable
gnuplot> set terminal postscript color
Terminal type set to ’postscript’
Options are ’landscape enhanced defaultplex \

leveldefault color colortext \
dashlength 1.0 linewidth 1.0 butt noclip \
nobackground \
palfuncparam 2000,0.003 \
"Helvetica" 14 fontscale 1.0 ’

gnuplot> set output "all.ps"

Specify the Fermi energy in the dialog box 
(it Will take directly the Fermi energy computed in 

siesta)
and type OK

Select the bands that cross the Fermi energy
 (they cross an horizontal dashed line in the BARGraph).

 In this example, they are the bands 10, 11, and 12



Fermi surface of electron doped SrTiO3
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The part of the conduction 

band that is occupied is along 
the ΓX line, as reflected by the 

Fermi surface



Repeat the exercise for a hole-doped system

The part of the valence band 
that is desoccupied is at the R 

point, as reflected by the 
Fermi surface
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