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WANNIER90 code directly called from SIESTA

WANNIER90 code (version 3.0.0) has been compiled in
library mode and called directly from SIESTA

That means that we can run all the functionalities of
WANNIER90 directly from SIESTA

Advantages

No need to prepare two different input files
No need to run WANNIER90 in pre-processing mode

We can use the basis set of SIESTA (hnumerical atomic orbitals) as the initial
guess for the projections

Wannierization of different manifolds can be done in the same run of SIESTA

The unitary matrices connecting the Bloch and Wannier representations are
available in SIESTA.

New functionalities can follow (initial guesses for order-N simulations)
Interface with other codes will be much easier:

SCALE-UP (second-principles)
DMFTWDFT (DMFT code by Aldo Romero’s group)




Apply the patch to WANNIER90
to be called from SIESTA

Download an official release tarball from the WANNIER90 website

http://www.wannier.org/download/

The version to download must correspond exactly to the version of the patch
you want to apply.

For instance, if the patch is called "wannier90-3.0.0-siesta.patch"”,
you have to download the 3.0.0 version of WANNIER90.

Uncompress the source code of WANNIER90 and go to its top directory

$ tar xvzf wannier90-3.0.0.tar.gz
$ cd wannier90-3.0.0

From there, you can apply the patch from SIESTA

S patch -pl < /path/to/siesta/Util/Wannier90/wannier90-3.0.0-siesta.patch

where you replace /path/to/siesta/Util/Wannier90 by the directory path containing
the patch file.




Compile WANNIER90 to be run in serial from SIESTA

Edit the make.inc file
S vi make.inc

gfortran

v «—— Choose your Fortran compiler

#Add next two lines for parallel postw90. Choose the correct name of the mpi f90 wrapper
#COMMS = mpi
#MPIF90 = mpgfortran #mpif90

H H

]
©
o

FCOPTS = -03
LDOPTS

#Next two lines are good for debugging

#FCOPTS = -fstrict-aliasing -fno-omit-frame-pointer -fno-realloc-lhs -fcheck=bounds,do,recursion,pointer
-ffree-form -Wall -Waliasing -Wsurprising -Wline-truncation -Wno-tabs -Wno-uninitialized
-Wno-unused-dummy-argument -Wno-unused -Wno-character-truncation -01 -g -fbacktrace

#LDOPTS = -fstrict-aliasing -fno-omit-frame-pointer -fno-realloc-lhs -fcheck=bounds,do,recursion,pointer
-ffree-form -Wall -Waliasing -Wsurprising -Wline-truncation -Wno-tabs -Wno-uninitialized
-Wno-unused-dummy-argument -Wno-unused -Wno-character-truncation -01 -g -fbacktrace

Select the location of BLAS
LIBDIR = /usr/local/lib / and LAPACK Iibraries

LIBS = /opt/local/lib/liblapack.a /opt/local/lib/libatlas.a /opt/local/lib/libopenblas.a
#LIBS = -L$(LIBDIR) -llapack -1f77blas -lcblas -latlas

ATLAS Blas and LAPACK

"
#
#
"
#

NETLIB LAPACK and BLAS

H B

#LIBDIR = /rscratch/jry20/LIB/gfortran
#LIBS = -L$(LIBDIR) -1llapack -lblas

System LAPACK and BLAS
e.g. use

sudo apt-get install libblas-dev liblapack-dev
on Ubuntu

HOH B H HH

#LIBS = -llapack -lblas

S make veryclean
S make
S make 1l1lib




Compile SIESTA In serial to be run with WANNIER90

Include or modify the following lines in the arch.make
S vi arch.make

WANNIER90_ROOT = $(HOME) /wannier90-3.0.0 «— Point to the WANNIER9(
WANNIER9O_INCFLAGS = -I$(WANNIER9O_ROOT)/src/obj .

WANNIERQO_LIBS = -L$ (WANNIER90_ROOT) -lwannier directory
DEFS_WANNIER90 = $(DEFS_PREFIX)-DHAVE_WANNIER90

DEFS:=$ (DEFS_MPI) $(DEFS_CDF) $(DEFS) $(DEFS_WANNIER90)
LIBS= $(WANNIEROO_LIBS) $(SCALAPACK) $(LAPACK) $(BLAS) $(NETCDF_LIBS) $(METIS)




Compile WANNIER90 to be run in parallel from SIESTA

Edit the make.inc file
S vi make.inc

grortran Choose your Fortran compiler
90 = mpifo0 " (now parallel)

#Add next two lines for parallel postw90. Choose the correct name of the mpi f90 wrapper

#COMMS mpi
#MPIF90 = mpgfortran #mpif90

#
F

#FCOPTS = -g3 -ggdb -Og
LDOPTS =

#Next two lines are good for debugging EXtremer

FCOPTS = -fstrict-aliasing -fno-omit-frame-pointer -fno-realloc-lhs -fcheck=bounds,do,recursion,pointer

u
-ffree-form -Wall -Waliasing -Wsurprising -Wline-truncation -Wno-tabs -Wno-uninitialized Impo rta nt to
-Wno-unused-dummy-argument -Wno-unused -Wno-character-truncation -01 -g -fbacktrace -DMPI

#LDOPTS = -fstrict-aliasing -fno-omit-frame-pointer -fno-realloc-lhs -fcheck=bounds,do,recursion,pointer i n cl ude th is _D M PI

-ffree-form -Wall -Waliasing -Wsurprising -Wline-truncation -Wno-tabs -Wno-uninitialized
-Wno-unused-dummy-argument -Wno-unused -Wno-character-truncation -01 -g -fbacktrace

Select the location of BLAS and
ATLAS Blas and LAPACK / LAPACK Iibraries

LIBDIR = /usr/local/lib
LIBS = /opt/local/lib/liblapack.a /opt/local/lib/libatlas.a /opt/local/lib/libopenblas.a
#LIBS = -L$(LIBDIR) -llapack -1f77blas -lcblas -latlas

H ¥

NETLIB LAPACK and BLAS

#LIBDIR = /rscratch/jry20/LIB/gfortran
#LIBS = -L$(LIBDIR) -llapack -lblas

# System LAPACK and BLAS

# e.g. use

# sudo apt-get install libblas-dev liblapack-dev
# on Ubuntu

#

LIBS = -llapack -lblas

veryclean

lib




Compile SIESTA in parallel to be run with WANNIER90

Include or modify the following lines in the arch.make
S vi arch.make

. Pointto the WANNIER90

WANNIER9O_ROOT = $(HOME)/wannier90-3.0.0 directory

WANNIER9O_INCFLAGS = -I$(WANNIER9O_ROOT)/src/objp -I$(WANNIER9O_ROOT)/src/obj

WANNIEROO_LIBS -L$ (WANNIEROO_ROOT) -lwannier . .

DEFS_WANNIER90 = $(DEFS_PREFIX)-DHAVE_WANNIER9O \ Point to both objects
directory

FPPFLAGS:=$ (DEFS_MPI) $(DEFS_CDF) $(DEFS) $(DEFS_WANNIER90)

LIBS= $(WANNIER9O_LIBS) $(SCALAPACK) $(LAPACK) $(BLAS) $(NETCDF_LIBS) $(METIS)




WANNIER90 code directly called from SIESTA

Practical examples:
Bulk SrTiO; in the cubic phase
Graphene




After running SIESTA and compute the PDOS,
we can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy window

~
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We can analyze the character of the different bands

Which atoms contribute more to the bands at a particular energy window
Zoom around the top of the valence bands and bottom of conduction bands

Top of valence bands:
mostly O 2p character

—_
-

We can project on
particular atomic
orbitals within an
atom to further
define the
character.

Energy (eV)

)
S

-30




Choose the Bloch states that will be used to

compute the Wannier functions

In this particular example, we are interested in the wannierization of
three different manifolds

Manifold number 1:

—_
-

Top of valence bands:
mostly O 2p character

Energjt (eV)

o)
S

-30

That means:

-3 O p bands (p,, p,, p,)
X 3 O atoms

9 bands to wannierize

X 1
DOS (eV )



Choose the Bloch states that will be used to

compute the Wannier functions

In this particular example, we are interested in the wannierization of
three different manifolds

Manifold number 2:

—_
-

That means:
-3 Ti t,,bands (d,, d,,, d..)

Energy (eV)

o)
S

3 bands to wannierize

-30

X 1
DOS (eV )



Choose the Bloch states that will be used to

compute the Wannier functions

In this particular example, we are interested in the wannierization of
three different manifolds

Manifold number 3:

Top of valence bands:
mostly O 2p character

—_
-

That means:

-3 O p bands (p,, p,, p,)
X 3 O atoms

- 3 Ti tZg bandS (dxy) dyzﬁ dXZ)

Energly eV)

o)
S

12 bands to wannierize

-30




SIESTA variables related with the wannierization

NumberOfBandManifoldsForW i 3 - - -
berTRERRCTatonasTorhane Number of manifolds to wannierize

0

tblock WannierProjections

1 # Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
9 # Number of bands for Wannier transformation

36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals

num_iter O # Number of iterations for the minimization of \Omega
wannier_plot 3 # Plot the Wannier function
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis
2 # Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
21 23 # Indices of the initial and final band of the manifold
3 # Number of bands for Wannier transformation
24 25 27 # Indices of the orbitals that will be used as localized trial orbitals Data related
num_iter O # Number of iterations for the minimization of \Omega . .
wannier_plot 3 # Plot the Wannier function ; \A’Itr] “"Eir\lf()l(j 2
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis
3 # Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 23 # Indices of the initial and final band of the manifold
12 # Number of bands for Wannier transformation
24 25 27 36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbi [)Eitii rEBIEit(B(j
num_iter O # Number of iterations for the minimization of \Omega . .
wannier_plot 3 # Plot the Wannier function \A’It'] “"Eif]lf()l(j :3
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis
iendblock WannierProjections
Yblock KMeshforWanmier Dimensions of the Monkhorst-Pack
6 6 6 L] L] ] ] =
Jondblock Kieshforkianmier grid of k-points for wannierization




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
Indices of the initial and final band of the manifold

9 # Number of bands for Wannier transformation

36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals

num_iter O # Number of iterations for the minimization of \Omega

wannier_plot 3 # Plot the Wannier function

fermi_surface_plot # Plot the Fermi surface

write_hr # Write the Hamiltonian in the WF basis

write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

! For every k-point, the bands in Siesta are ordered from lowest to highest

energy
! The character of the bands are known after computation of the PDOS.
In order, for the case of SrTi(03:

! Band 1 (lowest band): i character

! Bands 2, 3, and 4: i character (px, py, and pz)

! Band b5: character

! Bands 6, 7, and 8: character (1 band * 3 0 atoms in the unit cell)
9, 10, and 11: character (px, py, and pz)

character (3 bands * 3 0 a s in the unit cell)
21, 22, and 23: Ti-t2g characer (dxy, dyz, dxz)




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega
wannier_plot 3 # Plot the Wannier function
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

Number of Wannier functions:

This number is equal to the number of bands in the manifold in we
are dealing with isolated group of bands

But if the desired bands lie within a limited energy range but overlap
and hybridize with other bands which extend further in energy, then
the number of wannier functions might be different from the number
of bands in the manifolds
A disentanglement procedure is required
(see the graphene example below)




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
# Indices of the initial and final band of the manifold
# Number of bands for Wannier transformation

num_iter O # Number of iterations for the m

wannier_plot 3 # Plot the Wannier function

fermi_surface_plot # Plot the Fermi surface

write_hr # Write the Hamiltonian in the WF basis

write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

9000 = orbitals in unit cell and supercell. See end of file.

i

"

b 0C0 0000000000000 00000000000000000O0O0a

sym

a

A good initial guess to project the bands of the top
of the valence band are the O-2p orbitals

Take a look to the SystemLabel.ORB_INDX file

b O LR ORr NN, ORNRORROROOONRORNRORKLOROOOSH
mmm MM MMM M T MY MY T T T T T T T W nD

n
4
5
5
4
4
4
5
5
5
4
4
4
4
4
3
4
4
3 -
3
3
4
4
4
3
3
3
3
3
3
3
3
3
3
2

b 0C0 0000000000000 000000000000O0O0OOO0O0 O

p-orbitals of the first O atom

p-orbitals of the second O atom

B o i
b o wwww®N DY

p-orbitals of the third O atom




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier

12 20 # Indices of the initial and final band of the manifold

9 # Number of bands for Wannier transformation

36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
# Number of iterations for the minimization of \Omega

wannler_plot # Plot the Wannier function

fermi_surface_plot # Plot the Fermi surface

write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

Number of iterations for the minimization of the localization functional

If zero, then the procedure is the same as a Lowdin orthonormalization

The resulting Wannier functions will keep the symmetry of the
projection function, but it will not be maximally localized




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
9 # Number of bands for Wannier transformation
36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

Instruction to plot the Wannier functions

The integer refers to the size of the supercell for plotting the Wannier functions




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
9 # Number of bands for Wannier transformation
36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega
wannier_plot 3 # Plot the Wannier function

fermi_surface_plot # Plot the Fermi surface

write_hr # Write the Hamiltonian in the WF basis
write_tb # Write lattice vectors, Hamiltonian, and position operator in WF basis

Instruction to plot the Fermi surface




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
9 # Number of bands for Wannier transformation
36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega
wannier_plot 3 # Plot the Wannler function

position operator 1in W

Instruction to write the Hamiltonian in real space in a basis of Wannier functions




SIESTA varlables related with the wannierization

# Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
12 20 # Indices of the initial and final band of the manifold
9 # Number of bands for Wannier transformation
36 37 38 49 50 51 62 63 64 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega
wannier_plot 3 # Plot the Wannier function
fermi_surface_plot # Plot the Fermi surface
write_hr # Write the Hamiltonian in the WF basis
Write lattice vectors, Hamiltonian, and iti perator in WF basis

Instruction to write the lattice vectors, Hamiltonian in real space and position
operator in a basis of Wannier functions




Succesful output of SIESTA

switch_local_projection: Populating the relevant matrices for
switch_local_projection: calling WANNIER9O directly from SIESTA
switch_local_projection: band manifold = 1

compute_pw_matrix: Computing the matrix elements of a plane wave

mmn :
mmn:

amn :
amn .

eig:
eig:

Overlap matrices between periodic part of wavefunctions
written in SrTiO3.manifold.l.mmn file

Overlap matrices between trial projection functions and wavefunctions
written in SrTi0O3.manifold.l.amn file

Eigenvalues of the Hamiltonian
written in SrTi03.manifold.l.eigW file

compute_matrices: All the information dumped in the corresponding files
compute_matrices: End of the interface between Siesta and Wannier90




Succesful output of SIESTA

e con The output is exactly the
R same as the WANNIER90 code

+<-- CONV

Initial State

WF centre and

WF centre and spread
WF centre and spread
WF centre and spread
WF centre and spread
WF centre and spread
WF centre and spread
WF centre and spread
WF centre and spread 9
Sum of centres and spreads

.937000
.937000
.937000
.937000
.937000
.937000
.000000
.000001
.000000
.622000

.35164893
.35164892
.26099287
.26099279
.35164877
.35164877
.35164894
.26099287
.35164892
.89287177

000000,
000000,
000001,
937000,

0. .937000,
0.

-0.

1.

1.937000,

1.

1.

1.

1.

11.

.937000,
.937000,
.000000,
.000000,
.000000,
.937000,
.937000,
.937000,
.622000,

|
P PP P OO0OO0ORFR, P

937000,
937000,
937000,
937000,
622000,

O ~NO O WN -
|
P OO0OO0OFrRrRP,r P, P, PEP PP
N NN N N
N e e

(
(
(
(
(
(
(
(
(
(

-
[y
=

0.119E+02 0.0000000000 11.8928717748 0.00 <-- CONV
0.0000000 0_0D= 0.1604331 O_TOT= .8928718

.937000
.937000
.937000
.937000
.937000
.937000
.000000
.000001
.000000

822000

.35164893
.35164892
.26099287
.26099279
.35164877
.35164877
.35164894
.26099287
.35164892
ToTZoT I

.000000,
.000000,
.000001,
.937000,
.937000,
.937000,
.937000,

.937000,
.937000,
.937000,
.000000,
.000000,
.000000,
.937000,
.937000,
.937000,

22000,

centre and spread
centre and spread
centre and spread
centre and spread
centre and spread
centre and spread
centre and spread .937000,
centre and spread .937000,

m. 22000,

Spreads (Ang~2) Omega I = 11.732438672
Omega D 0.000000000
Omega 0D = 0.160433103
Final Spread (Ang~2) Omega Total 11.892871775

©O© 00N O WN -
AN NN NN
PR, R, PR, RPR,ROOO
|
HP,RP,PPOOORRFEE
|
QOO FrRrRFrPr PP, PEP K

[ O U e Y

H
u
(.
H

A A A S T N A

Time for wannierise 0.004 (sec)




Succesful output of SIESTA

Calculating Fermi surface
Time to calculate interpolated Fermi surface 11.209 (sec)

.000000 .
000000 The output is exactly

.000000 the same as the
.000000

.000000 WANNIER90 code
.000000
.000000
.000000
.000000

Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =
Maximum Im/Re Ratio =

Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:
Wannier Function Num:

© 00 NO Ok WN -
O O OO OO OO Oo

Time for plotting 41.111 (sec)
Total Execution Time 41.302 (sec)




How to plot the Wannier functions

First of all, SIESTA has to write the periodic part of the Bloch functions in a 3D grid.
The number of points in the grid along the three lattice vectors are given by

seedname.fdf file
(input of SIESTA)

Siesta2Wannier90.UnkGridil
Siesta2Wannier90.UnkGrid?2
Siesta2Wannier90.UnkGrid3

This produces many files with the name UNKXXXXX.Y where

o« XXXXX is the number of the k-point, from 1 to the number of
points included in seedname.win file

* Y refers to the spin compoment (1 or 2)




How to plot the Wannier functions

WANNIER90 produces files with the name:
SystemLabel.manifold.X_0000Y.xsf that can be directly plotted with XCRYSDEN

Once XCrySDen starts, click on
File — Open structure (Select your xsf file)
Tools — Data Grid

Click on OK
Then, select:
Degree of triCubic Spline: 3
Click on Render+/- isovalue
Select the desired isovalue (in this example 0.1)
Submit

SrTiO3.manifold.1_00001.xsf

\’"

y

' ' e
e\




WANNIER90 code directly called from SIESTA

Practical examples:
Bulk SrTiO; in the cubic phase
Graphene




Graphene,
including bond centered Hydrogen ghost atoms

SystemName graphene

# Graphene layer

# Ghost atoms included at the center of the bonds

# MeshCutoff: 600 Ry

# 20 x 20 x 1 Monkhorst-Pack mesh

SystemLabel graphene

NumberOfAtoms 5 Number of atoms in the unit cell

We include here:

- The two carbon atoms of the motif

- Three Hydrogen ghost atoms at the center
of the bonds between first-neighbors

Only the atomic orbitals of the atoms
will be included in the simulation,
while the atomic nuclei will not be
considered

Number of different atomic species in the
simulation.

We include here:

- C (with an atomic number of 6)

- pseudo-Hydrogen atom
(with an atomic number of -1)

Chemical species label as indicated above

NumberQfSpecies

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

%block ChemicalSpeciesLabel
1 6 C
2 -1 Ghost-H
%endblock ChemicalSpeciesLabel




Graphene: atomic structure in SIESTA

#
# Atomic structure:
#

lattice vectors and atomic coordinates

LatticeConstant 1.46700 Ang # Nearest-neighbor distance, d
# The primitive translation vectors
will be given by
a_{1} = (3/2 4, - sqrt(3)/2 d, 0)
a_{2} = (3/2 d, + sqrt(3)/2 d, 0)
Here the z-component of the vectors
is large enough to avoid interactions

between periodic replicas of the slab

%block LatticeVectors

1.500000000 -0.8660254038
1.500000000 0.8660254038
0.000000000 0.0000000000

%endblock LatticeVectors

0.0000000000
0.0000000000
20.0000000000

AtomicCoordinatesFormat Fractional
%block AtomicCoordinatesAndAtomicSpecies

0.3333333333
0.6666666667
0.5000000000
0.5000000000
0.0000000000

0.3333333333
0.6666666667
0.5000000000
0.0000000000
0.5000000000

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

a, =a,~2.49A

%endblock AtomicCoordinatesAndAtomicSpecies

%block kgrid_Monkhorst_Pack
20 0 0 0.0
0 20 0 0.0
0 0 1 0.0
%endblock Kgrid_Monkhorst_Pack




Graphene: plotting the band-structure in SIESTA

a, =a,~249A

#
# Plotting the band structure
#

BandLinesScale ReciprocallatticeVectors
%block BandLines

1 0.0 0.0

50 0.33333 0.666667
50 0.5 0.5

50 0.0 0.0
%endblock BandLines

Begin at \Gamma

50 points from \Gamma to K
50 points from K to M

50 points from M to \Gamma

#
#
#
#

#
# Plotting the Projected Density Of States
#

Energy (eV)

%block ProjectedDensityOfStates
-70.00 5.00 0.150 3000 eV
%endblock ProjectedDensityOfStates

%PD0OS . kgrid_Monkhorst_Pack
60 0 O 0.5
060 0 0.5
0 0 2 0.5
%end PDOS.kgrid_Monkhorst_Pack




Energy (eV)

#

# Variables related with the Wannierization of the manifolds

#

WANNIER90 code directly available from SIESTA

NumberOfBandManifoldsForWannier 1

%block WannierProjections

1

1 8

5

91011 3 7
num_iter O
wannier_plot 3
fermi_surface_plot
write_hr
write_tb

-30.0 5.0
-30.0 -7.5

%block kMeshforWannier

20 20 1

Y%endblock kMeshforWannier

Siesta2Wannier90.UnkGridl
Siesta2Wannier90.UnkGrid2
Siesta2Wannier90.UnkGrid3

#

H OH H HH K H KR

#

Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier
Indices of the initial and final band of the manifold

Number of bands for Wannier transformation

Indices of the orbitals that will be used as localized trial orbitals
Number of iterations for the minimization of \Omega

Plot the Wannier function
Plot the Fermi surface

Write the Hamiltonian in the WF basis
Write the Hamiltonian in the WF basis
Bottom and top of the outer energy window for band disentanglement (in eV)
Bottom and top of the inner energy window for band disentanglement (in eV)
%endblock WannierProjections

Fermi

We have eight bands in the outer

energy window

We are interested in project over the
wannierization over the three sp? orbitals
and the 7/7 manifold
(five Wannier functions in total)



WANNIER90 code directly available from SIESTA

#
# Variables related with the Wannierization of the manifolds
#

NumberOfBandManifoldsForWannier 1

%block WannierProjections
1 # Sequential index of the manifold, from 1 to NumberOfBandManifoldsForWannier

1 8 # Indices of the initial and final band of the manifold

5 # Number of bands for Wannier transformation

910 11 3 7 # Indices of the orbitals that will be used as localized trial orbitals
num_iter O # Number of iterations for the minimization of \Omega

wannier_plot 3 # Plot the Wannier function

fermi_surface_plot # Plot the Fermi surface

write_hr # Write the Hamiltonian in the WF basis

write_tb # Write the Hamiltonian in the WF basis

-30.0 5.0 # Bottom and top of the outer energy window for band disentanglement (in eV)

-30.0 -7.5 # Bottom and top of the inner energy window for band disentanglement (in eV)
%endblock WannierProjections

%block kMeshforWannier
20 20 1
Y%iendblock kMeshforWannier

Siesta2Wannier90.UnkGridl
Siesta2Wannier90.UnkGrid2
Siesta2Wannier90.UnkGrid3

Some Bloch states are forced to be
preserved identically in the projected
manifold; those are referred to as
belonging to a frozen “inner” window

Fermi

Energy (eV)

Frozen We are interested in project over the

energy wannierization over the three sp? orbitals

window and the 7 /7r*manifold (five Wannier
functions in total)




Output of a succesful run

Initial State

WF centre and

WF centre and spread

WF centre and spread

WF centre and spread

WF centre and spread 5
Sum of centres and spreads

(
(
(
(
(
(

.200500, .000000, .000000
.100250, .635230, .000000
.100250, .635230, .000000
.467000, .000000, .000000
.934000, .000000, .000000
.802000, .000000, .000000

0 0.381E+01 0.0000000000 3.8059145468
0_D= 0.0017538 0_0D= 0.8081702 0_TOT=

Final State

WF centre .200500, .000000, .000000
WF centre and spread .100250, .635230, .000000
WF centre and spread .100250, .635230, .000000
WF centre and spread .467000, .000000, .000000
WF centre and spread 5 .934000, .000000, .000000
Sum of centres and spreads .802000, .000000, .000000

Spreads (Ang~2) Omega I
Omega D
Omega 0D
Final Spread (Ang~2) Omega Total

Time for wannierise 0.008 (sec)

Writing checkpoint file graphene.manifold.l.chk...

2.995990488
0.001753842
0.808170217
3.805914547

done

Time

0.05

.80569145

+<-- CONV
| <-- CONV
+<-- CONV

.71868231
. 71868744
. 71868744
.82492868
.82492868
.80591455

<-- CONV

.71868231
. 71868744
.71868744
.82492868
.82492868
.80591455

Three sp, type-Wanniers
The 7/7" manifold




How to plot the Wannier functions

WANNIER90 produces files with the name:
SystemLabel.manifold.X_0000Y.xsf that can be directly plotted with XCRYSDEN

Once XCrySDen starts, click on
File — Open structure (Select your xsf file)
Modify — Number of units drawn 2 (along x) 2 (along y) 1 (along z)
Tools — Data Grid

Click on OK
Then, select:
Degree of triCubic Spline: 3
Click on Render+/- isovalue
Select the desired isovalue (in this example 0.1)
Submit

graphene.manifold.1_00004.xsf

Lateral view Top view
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o
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