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1 Preliminary Steps for ssh

OpenMX software runs on the computers in Weniger 412 in a Linux environment, but it is
convienient to be able to run the software remotely from any machine. The best way to remotely
access the software is through Secure Shell (ssh), and in order to do this on a Mac or Windows
machine there are a few important steps that need to be taken first.

1.1 Installation of ssh software on Windows

Windows does have built in ssh software, but because we are interfacing with programs that have
guis, it is best to use third party ssh software that makes that easy. To give windows the tools
that it needs, you need to install putty (a simple ssh tool) Xming (a graphics environment for
streaming Linux programs over ssh). Please follow the installation steps below.

Putty Installation —

Navigate your browser to http://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html and click the

link for the .msi file that corresponds to your version of Windows, then follow the default
installation.

Xming Installation —

Download Xming from Sourceforge here: https:/sourceforge.net/projects/xming/files/latest/download.
Again, follow the default installation options.

1.2 Starting an ssh session with the 412 computers from Windows

First, launch Xming. Xming will now run in the background. No windows will pop up, but you
should see the Xming icon appear in the system tray.

Now that Xming is running, launch putty. In the Host Name box, enter the address of your user
account at the Weniger 412 computer you will be using in the form ONID@wngr412-
unixXX.science.oregonstate.edu, where ONID is your onid username and XX is the PC number
assigned to you.
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ﬁ PuTTY Configuration @
Cateqgory:
B- S_ession | Basic options for your PuTTY session |
i - Logging Specify the destination you want to connect to
=) Teminal
.. Keyboard Host Mame (or IP address) Port
- Bell |sengerrni@wngr412—1.|ni:v.|}3.5cience.oreg| |ﬂ |
- Peatures Connection type:
- Window ORaw O Telnet O Rlogin @ SSH (O Serial
guppea!ance Load. save or delete a stored session
- Behaviour
... Translation Saved Sessions
- Selection |sengerrnijcﬂ3_)('l1 |
+~ Colours Default Settings Load
5 Connection
- Data Save
- Prosy
- Telnet Delete
- Rlogin
- S5H
 Senial Close window on exit:
(O flways  ()MNever  (®) Only on clean exit
About Help Open Cancel

Before opening the connection, navigate the category panel to Connection>SSH>X11, then check
the box to “Enable X11 forwarding”.

@ PuTTY Configuration @

Category:
B- Sgssion | Options controlling S5H X171 forwarding |
- Logging ¥11 forwarding

- Teminal
-- ‘l"::g:l: |[#] Enable 11 forwarding |

= Connection X display location
- Data Remote X11 authertication protocol
- Pregy @ MIT-MagicCookie-1 () XDM-Authorization-1
gjem?t X authority file for local display

- Rlogin
s,
- Host keys
- Cipher
- Auth
- X1
- Tunnels
- Bugs
- More bugs
- Serial

[ About ] [ Help ] ’ Open ] ’ Cancel ]

Now click the “Open” button to connect to the 412 PC over ssh. You'll get a security warning —
just click “Yes” to allow the connection, then enter your assigned password. You should then see

the command line for your PC appear.
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As a quick check to see if the handshake between putty and Xming is working properly, in the

command line, enter -
nautilus .&

If everything is functioning properly, you’ll see the Ubuntu file explorer pop up on screen.

=] 4} Home Q (| i= = - u} x
() Recent
{@ Trash 4 - ;J

Downloads onid-home

& onid-home &

[ common
[ Class Data _

Templates thinclient_drives
+ Other Locations

You are now ready to transfer the OpenMX files from the CoSINe server to your onid files. Close

the nautilus window to get the terminal input ready to go again.
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1.3 Installation of ssh software on Mac OS and opening an ssh session

Running ssh from a Mac with an X server requires the installation of third party software. A
common way of using ssh with an X server is with XQuartz. You can download it from here —

https://www.xquartz.org/

Once it is installed, run XQuartz and open the X terminal form the application drop-down

menu. Start an ssh session by entering at the XQuartz command line —
ssh —Y ONID@wngr4l12-unixXX.science.oregonstate.edu

where ONID is your onid username and XX is the 412 computer number assigned to you. This
should change your command line to reflect the new PC you are entering commands to.

As a quick check to make sure everything is working properly, in the command line, enter -
nautilus . &

If everything is good to go, you’ll see the Ubuntu file explorer pop up on screen.
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2 OpenMX File Transfer

OpenMX software is preinstalled on the computers in WNGR 412, but your account is not
preloaded with the files OpenMX requires to run correctly. We have preloaded the OpenMX files
onto the CoSINe server, and it can be copied from there. Essentially, you need only follow this

procedure once.

2.1 Copy the files

Open a terminal program on (or begin an ssh session with) a WNGR 412 computer, and enter
cp -R /common/ph575/openmx3.7 /home/ONID/

Note that the space between /common/ph575/openmx3.7 and /home/ONID/ is necessary. Here,
ONID is your onid username. This will copy the OpenMX folder to your home folder. The files in
your home folder can be accessed from any of the computers in WNGR 412. To make sure the
transfer worked, navigate to your home folder and list the files located there. Enter the following

cd /home/ONID/openmx3.7

Is

You should see the openmx3.7 folder contents listed as shown below.

Now as a last step you need to copy a makefile into the source folder for later use.

cp makefile ./source

R /ocommon/phSTS5/openmx3.7 /home/sengermi

thinclient drives

S cp makefile ./s=

I
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2.2 Methane Test Calculation

OpenMX sorts its files into two main folders named source and work. The source folder contains
all the software that is needed for running calculations and the work folder contains all the input
and output material data files. You need to start in work to run the test calculation.

cd work

You need to run the test calculation on a preloaded material data file for molecular methane called
Methane.dat. Execute the calculation via

mpirun -np 1 openmx Methane.dat > met.std &

The output of this calculation is contained across several files. To check if the calculation worked
properly, you need to open the one named met.out. One way to find and open the file is with the
built-in file browser program nautilus. Open this program in the current directory with —

nautilus . &

The “.” after the nautilus command initiates the program in the directory you’re currently
working in. The “&” lets you continue using the command line if you’re using ssh. Now using the
file browser, find and open met.out. There are more concise ways of doing this at the command
line; for those of you that are well versed in Linux, feel free to navigate directories and manage
your files in the way you think is best.

The table in this file labeled “Total energy” should match the one shown in the test calculation
section of the OpenMX 3.7 user manual (http://www.openmx-

square.org/openmx_man3.7/nodel6.html) which is shown below.

Total energy (Hartree) at MD = 1

Uele. -3.889285101063
Ukin. 5.533754816241
UHB. -14.855520872374
UHL1. 9.841395625268
Una. -5.e48583803800
unl. -8.1346400300818
Uxce. -1.564728823137
Uxcl. -1.564728823137
Ucore. 9.551521413583
Uhub. 9. eaapc0ae0088
Ucs. 0. 00a000000000
Uzs. 0. 00a000000000
Uzo. 9.8000000800080
Uef. @.80a000200080
Uvdl @.80a000200080
Utot. -8.0933515406373

If your outputs match the manual’s, then you’re ready to test out calculations of bulk material
properties.
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3 Basic Parameter Input for Calculation of Bulk Material Properties

OpenMX does bulk material property calculations by operating on input data files with
executables that correspond to a desired material property. These files are stored in either the
source or work folders in the OpenMX file. Source generally contains all of the code that OpenMX
uses to make calculations. Work contains the input and output files used in and produced by the
OpenMX calculations. A .dat files contains all the needed material information to run a calculation.
When OpenMX is installed, it comes preloaded with several material data files in the work folder.
Running OpenMX on a material .dat file can generate band structures, density of states, fermi
surfaces, electric transport properties, spin densities, electric field responses, and more.

For the purposes of this tutorial, we will be using the data file for diamond, Cdia.dat to calculate
diamond’s band structure and density of states. Remember to save any changes you make to this
file before running any calculations. Later, when you want to run material property calculations
for a material of your choice, you’ll need to generate a new .dat file with input data corresponding
to the desired material, then run OpenMX on that file in the same ways we handle Cdia.dat. That
process is detailed in section 5 of the tutorial.

In this example, we are running all OpenMX operations on files contained in the work folder,
which leads to all example calculation output files also being generated in the work folder. Going
forward beyond this example, it would be best to organize your input/output files into subfolders
within work, otherwise your organization will be a nightmare.

3.1 Baseline Material Parameter Input

First, you’ll need to examine and edit the preloaded input file for diamond, which is in the work
directory. Open this file by executing gedit on the Cdia.dat file.

cd
cd openmx3.7/work

gedit Cdia.dat

The file should be open for editing in front of you. The first three sections detail (i) the file
information, (ii) which atoms are in the material, (iii) where the atoms are located. The first
section is there to make sure programs executing the calculations can figure out what to name the

output files.

E:3

# File MName

F

System. CurrrentDirectory v # default=./s
[system. Name cdial

level .of.stdout 1 # default=1 (1-3)
level .of.fileout 6] # default=1 (B3-2)
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All the default options should work regardless of the material choice, but it’s important to
understand that the input of System.name will be the same as the names of the output files. You
may change this to whatever you want your output files to be named, however this tutorial
assumes that System.name has been left as cdia.

#

# Definition of Atomic Species
#

[Species. Number 1|

<Definition.of. Atomic, Species
[c C5.0-s2p2dl  C CAl3|
Detinition.of . Atomic, Species=

The number of unique atoms in the material are specified by Species.Number. Below the
Species._Number there is a table that tells the OpenMX programs which files to access to get the
correct data for each atom named Definition.Atomic.Species. The first column simply
specifies the atomic symbol. The second contains the name of the data file holding information on
the pseudo-atomic orbitals (PAQOs) that correspond to the atom, and the third specifies the data
file containing the fully relativistic pseudopotentials (VPS). These file names aren’t entirely
intuitive, but OpenMX has supplied a catalog of the different PAO and VPS files for most atoms
on their website at http://www.jaist.ac.jp/~t-ozaki/vps pao2013/. Use this as a reference when you are

generating your own material data files. To add more atoms to the system, simply add more rows
into this table, each specifying atomic species, then the PAO file, then the VPS file. See the figure
below for an example from NaClL

#
# Definition of Atomic Species
-3

Species, Number 2
=Definition.of . Atomic, Species
Ma MNag, 0-s52p2 Ma_CAl13S
Cl Cl7.0-s52p2dl Cl CAl3
Detinition.of. Atomic. Species=

The last step in material specification is the input of atomic locations in the material, which occurs
in the “Atoms” section of the data file. The number of the atoms in the primitive unit cell is
specified by  Atoms.Number. The unit of the input lengths, specified by
Atoms.SpeciesAndCoordinates.Unit, can take either Angstroms (Ang) or atomic units (AU).
Next is a table that gives the actual locations.

# Traditional Unit Cell
# Atoms |—— Example Unit Cell 3.5
#

Atoms. Mumber 2
Atoms. SpeciesAndCoordinates. Unit Ang # Ang|al
=Atoms.SpeciesAndCoordinates
1 C 0,000 0,000 0,000 2.0 2.0
2 C 0,890 0.890 0.880 2.0 2.0
toms. SpeciesAndCoordinates=
Atoms.UnitVectors.Unit Ang # Ang|AU
=Atoms.UnitVectors
1.7800 1.7800 0Q,0000
1.72800 0.,0000 1.72800
0.0000 1.7800 1,7800
Atoms.UnitVectors=
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The wunit cell wused in this example contains two atoms in the basis, thus
Atoms. SpeciesAndCoordinates is a table with only two rows. The first column in this table
gives the index for each atom, and the second is the atomic species. The third, fourth, and fifth
are the x, y, and z coordinates of the atoms in the unit cell, respectively. The sixth and seventh
columns are the number of initial up spins and number of initial down spins. The sum of the last
two columns should add to the total number of valence electrons for each atom.

The second table in this section Atoms.UnitVectors has columns that are simply the x, y, and
z components of the primitive vectors of the lattice. The unit cell used in this example (outlined
in red above) is not the traditional diamond cubic unit cell normally shown (outlined in blue
above), but only one octant of it, thus the lattice vectors in the example are modified to give the
correct tessellation (see the image above). These parameters can be found on the crystallography

open database for most materials at http://www.crystallography.net.

3.2 The “SCF or Electronic System” and “MD or Geometry Optimization” Sections

The sections labeled “SCF [Self-Consistent Field] or Electronic System” and “MD [Molecular
Dynamics| or Geometry Optimization” detail the calculation methods and system variables that
OpenMX uses for all the material property calculations. The default options should be sufficient
for most calculations, so try those first. Please see the OpenMX manual for a more detailed

explanation of each of these parameters at http://www.openmx-
square.org/openmx_man3.7/node21.html. For this example, none of the parameters need to be
changed.

3

# SCF or Electronic System

&

scf. ¥cType LDA # LDA|LSDA-CA|LSDA-PW|GGA-PBE

scf.SpinPolarization aoff # On|Off|NC

scf . ElectronicTemperature 300.0 B default=300 (K)

sct.energycutoff 150.0 # default=150 (Ry]

scf.maxIter 100 # default=40

scf.EigenvalueSolver band # DC|GDC|Cluster|Band

scf.Kgrid 777 # means nl x n2 x n3

scf.Mixing. Type rmm-diisk # Simple|Rmm-Diis|Gr-Pulay|Kerker|Bmm-Diisk

sct.Init.Mixing.Welght @.30 # default=0.30

scf.Min.Mixing . Weight 0,001 # default=0,001

scf.Max.Mixing . Weight 0,700 # default=0.40 [

scf.Mixing.History 7 # default=5

scf.Mixing. StartPulay 5 # default=&

scf.criterion 1.0e-10 # default=1.0e-6 (Hartree)

F:3

# MD or Geometry Optimization

&

MO, Type nomd # Momd | Opt |NVE|NWT_VS|NVT_NH

MD. maxIter 1 # default=1

MD, TimeStep 1 # default=0.5 (fs)

MD. Opt.criterion 1l.0e-5 # default=1.0e-4 (Hartreefbohr)

9 PH 575 02/20/2019


http://www.crystallography.net/
http://www.openmx-square.org/openmx_man3.7/node21.html
http://www.openmx-square.org/openmx_man3.7/node21.html

Mitchell Senger OpenMX Tutorial Oregon State University

3.3 The “Band dispersion” Section

The band structure calculation parameters are entered in the “Band dispersion” section. The first
step is enabling the band dispersion output, so ensure that Band.dispersion is set to on.

&
# Band dispersion
#

[Band.dispersion an # on|off, default=off
=Band.KPath.UnitCell

3.56 0.00 0.00
0.0 356 0,00
0.00 0.00 32.56
Band.kKPath.UnitCell=

# 1f <=Band. KPath.UnitCell does not exist,

# the reciprical lattice wvector is employed.
[Band.Mkpath 5|
=Band. kpath

25 0.00.00.0 1.0 0.00.0 g X

25 1,000,000 1L.00500 W

25 1.00.50.0 0.5 0.5 0.5 W L

25 0.5 0505 0.0 0.00.0 L g

25 0.0 0.0 0.0 1.0 0.0 0.0 g M
Band.kpath=

Band .Kpath._UnitCell specifies a set of primitive vectors for the reciprocal lattice that will be
used during the band structure calculation, each row being one vector. If you delete this table and
the surrounding keyword brackets then OpenMX will use the primitive vectors specified in the
“Atoms” section instead.

The next step is to set the path through k-space for which the band structure is calculated.
Band.Nkpath sets the number of sections that comprise the path, and the table Band.kpath sets
the parameters for each path section. The number set by Band.Nkpath should be equal to the
number of rows in Band.kpath. The first column of the table specifies the number of k-points
that the k-path section will be discretized into. The second, third, and fourth are the coordinates
of the starting k-point and the fifth, sixth, and seventh are the coordinates of the ending k-point,
both given as kx ky kz.

Image of an FCC Brillouin zone taken from
https://en.wikipedia.org/wiki/Brillouin zone
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The eighth and ninth columns specify the labels given to the beginning and ending k-points for
each path section. Keep in mind that some locations in k-space all have labels that are specific to
certain points within the first Brillouin zone. The figure above shows the k-point labels in the
Brillouin zone for an FCC unit cell. The k-path used in the carbon diamond example goes as
[-X—>W—-L—-I'—-X (note that “g” is used for T'). An overview of the labels for some common
lattices is given on Wikipedia at https://en.wikipedia.org/wiki/Brillouin_zone.

3.4 The “DOS and PDOS” Section

The density of states (DOS) calculation is straightforward and the .dat file only requires three
input parameters in the “DOS and PDOS” section. The first is a switch to enable or disable the
DOS output. By default, it is set to off, so delete the word off and replace it with on.
Dos.Erange sets the range of energies in electronvolts over which the DOS is calculated. The
default should be fine but you may change it as needed. Dos.Kgrid sets the discretization
resolution of the grid comprising Brillouin zone in k-space in the form n1 n2 n3. Higher resolutions
will take longer but will increase precision.

-

# DOS and PDOS

F3

Dos. fileout an # on|off, default=off

Dos.Erange -25.0 20,0 # default = -20 20

Dos . Kgrid 12 12 12 # default = Kgridl Kgrid2 Kgrid3

3.5 Save and Close

Remember to save the .dat file before running calculations with OpenMX. Close the .dat file and
the nautilus browser to get back to the command line.
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4 Basic Calculations of Bulk Material Properties

Once you have a completed data file, all that remains is to run the SCF (self-consistent field)
calculations with OpenMX and display the output data. The example calculations done in this
section assume that the input file for carbon diamond Cdia.dat has already been setup as
demonstrated in the previous section.

4.1 Band Structure Calculation

You need to run the SCF calculation with the Cdia.dat input file. First navigate to the work

directory.
cd

cd openmx3.7/work
Then execute the OpenMX SCF calculation with
openmx Cdia.dat

You should see a long output in the command line that terminates with “The calculation was
normally finished”. This will generate an output file named cdia.Band if it worked correctly.

Now that this step is complete, all the needed data to show the band structure has been generated,
so all that’s left is to visualize it. To do this, OpenMX comes with a file that, when compiled,
generates an executable program that converts the band structure data into a gnuplot script.
Navigate the command line to the source folder.
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cd ..

cd source

Now compile the file named bandgnul3.c — this will generate an executable named bandgnul3.
You might see a lot of warnings here, but as long as there are no errors you are good to go.

gcc bandgnul3.c -Im -o bandgnul3

This file needs to be copied over to the work folder.
cp bandgnul3 /home/ONID/openmx3.7/source /home/ONID/openmx3.7/work

Now go back to the work folder to run the executable you copied on the band structure data
generated by running openmx on Cdia.dat.

cd ..
cd work

-/bandgnul3 cdia.Band

This should produce two output files. The one named cdia.GNUBAND is a script for Gnuplot that
pulls the band structure data from the other output file named cdia.BANDDAT1 (use Is to make
sure these files are here, they may not appear in nautilus if you're using ssh). Before plotting the
data, we need to edit cdia. GNUBAND. Open the cdia. GNUBAND file with

gedit cdia.GNUBAND

Change the top line to match the one in the figure below. Also edit the “set yra” line to a more
reasonable set of energies (-25 to 20 eV should do nicely), then save and close it. For more
information on gnuplot, see the documentation here. Most of the settings changed by these
.GNUBAND files are listed in the Set-show section (pg 111).

Iset style data lines
set nokey

set zeroaxis

set ytics 1

set mytics &

set xra [0.000000: 3. 804167]
set yra [-25:20]
set ylabe el

set xtics ("g" 0.000000, "X" 0.933966, "W' 1.400949, "L" 2, 081363,
"g" 2.870201, "X" 3.804167)

plot "cdia.BAMDDAT1"

pause -1

Now at the command line plot the data with gnuplot. You should then see a window displaying
the band structure of the material.

gnhuplot cdia.GNUBAND
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Gnuplot window 0 |i”£”£l
|L-egaas s

7

\\\ /.r':

. \\f

el

2.82371, -25.9144 4

If you like, you can use you own plotting software instead of Gnuplot to plot the data contained
in cdia.BANDDAT1. Matlab and Python are installed on the 412 machines, which might be helpful
for that. You can also drag the cdia.BAND file into the OpenMX viewer (www.openmx-
square.org/square/index.html) to easily visualize the data, but the formatting options are limited

here.
4.2 Density of States Calculation

Before starting the DOS calculation make sure that the Dos.fileout keyword in Cdia.dat (near
the end of the file) is set to on (see tutorial section 3.4). If you haven’t done so already, run the
SCF calculation on the data file in the work directory.

cd
cd openmx3.7/work

openmx Cdia.dat

The SCF calculation outputs a couple files needed for the DOS calculations: cdia.Dos.val and
cdia.Dos.vec. Like the band structure calculations, you need to compile an executable program
(DosMain) from a file preloaded into the source directory (DosMain.c). If DosMain doesn’t already
exist in your work directory, go to the source directory and generate the executable with make —
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cd

cd openmx3.7/source

make DosMain

You may see some warnings while this is executing. Make sure the DosMain executable is now in

the directory with Is, if it is, you’re OK to proceed. Copy DosMain from the source folder to the

work folder

cp DosMain /home/ONID/openmx3.7/work

Now you can run the DOS calculation from the work folder via —

cd

cd work

./DosMain cdia.Dos.val cdia.Dos.vec

The program will then execute, but you need to enter some directions to the program as it runs

(these steps are labeled in the figure above).

15

1.

The software offers the option to run the calculation with either the tetrahedron or
Gaussian broadening algorithm. These are two ways of approximating the potential wells
of atoms in the lattice. For this example, you should proceed with the tetrahedral method
because that seems to work best.
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If you enter Gaussian broadening instead of tetrahedral, you’ll be prompted to enter the
“value of Gaussian”. The Gaussian broadening functions are of the form exp(—(E/a)?),
and the “value of Gaussian” specifies the value of a. The plot below shows the DOS output
for several choices you can make here. See the manual for more information. You'll need
to research on your own to find out which is best for other materials.

2. You can either run the total DOS for the material, or you can run the partial DOS (PDOS)
to get the density of states for individual atoms and orbitals.

PDOS only:

3. The software automatically detects how many atoms are in the unit cell you specified.
Select which atom you want to run the PDOS for.

Total DOS of Carbon Diamond

12 [ T T T ]
—_Tetrahedron
1L|—a=10eV |
—__a=05eVv
~—~ 0.8 L J
7
-
L o6 | i
S
A 04 L
0.2 L J
0 I I I | | | I |
-25 -20 -15 -10 -5 0 5 10 15 20

Energy (eV)

After completing these steps the software prints out a list of data files that contain the partial
density of states. Each of these are labeled with the orbital they correspond to. The last one
contains the total density of states for the atom you selected. These files contain three columns.
The first is the energy given in electronvolts. The second contains the density of states at each
energy point in units of eV-!l. The third contains the integrated density of states through the
corresponding energy. OpenMX doesn’t have a gnuplot converter for this data, so use your favorite
plotting software to display it. Matlab can read the data with the dlmread function and Microsoft
Excel can open the data files with fixed width delimitation.
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4.3 Lattice Visualization with XCrySDen

The SCF calculation will automatically output a couple visualization files — cdia.bulk.xyz and
cdia.xyz. .xyz files are common among DFT and molecular dynamics software and many programs
can read them.

= = =l
CE0_DC.dat . Cafec_FS.dat
| |
cdia. BANDDATL cdia.cif
| |
cdia.Dos.vec cdia.ene cdia. FermiSurf.bxsf

The computers in Weniger 412 already have XCrySDen installed. This software can be used to
visualize several output files from OpenMX including .xyz, .md, .cube, and .xsf. There are some
bugs that do not allow this software to run over putty with Xming easily, so you should use the
computers in 412 directly without ssh. If you’re working on these machines via ssh you should use
the OpenMX Viewer instead.

Running the software is straightforward. Simply open a terminal and run XCrySDen at the
command line.

xcrysden

sengermi@wngr412-pcl9: ~ x

File Edit View Search Terminal Help
sengermi@wngrdl2-pcl9:~$ xcrysden

KCrySDen -- (X-Window) CRYstalline Structures and DENsities *
— — *

* —_— J—

Anton Kokalj (tone.kokalj@ijs.si)
Jozef Stefan Institute, Ljubljana, Slovenia

Copyright (c) 1996--2014 by Anton Kokalj

Aok o ok ok ok ok ook ook o ok e ok ok ok kK

Version: 1.5.60

Please report bugs to: tone.kokalj@ijs.si

TERMS OF USE:

Now an empty XCrySDen window will open. Select File>Open Structure...>Open XYZ and open
cdia.bulk.xyz under the OpenMX work directory.

17 PH 575 02/20/2019



Mitchell Senger OpenMX Tutorial Oregon State University

I File Help

I

0.05

Open XYZ File 0.00 0.25 0.50

Directory:  /home/sengermi/Documents/openmx3.7/work

|5 cdia PDOS [E5 large2_example [ wf example
[E5 cdia_rst |5 large_example cdia.bulk.xyz
[E5 force_example  [E5 met rst cdia.xyz

|5 GaAs_rst [ ml_example Gahs.bulk.xyz
| geoopt_example [ nacl_rst GaAs.xyz

| input_example |5 negf_example met.xyz

[«

File name: cdia.bulk.xyz Open

Files of type:  XYZ Files (*.xyz) Cancel

This will display a few periods of your material structure.

XCrySDen: cdia.bulk.xsf x

=N File Display Modify Tools Help

Tran;lation,*
Step: HE
0.05

0.00 0.25 0.50

| Rot +X || Rot-X

| Rot +¥ || Rot -¥

| Rot +Z || Rot-Z

Rotation+zoom
buttons mode:

Discrete
Click-and-hold
Click-and-click

Rotation
Step: 110
10
0 180

| iahtina:

Atoms Info Distance Angle Dihedral £

-180
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5 Simulating your own materials

Once you are ready to simulate materials that are not preloaded into the OpenMX work folder
(as you will need to do for your project!), you will need to generate a new .dat file for the
material. This includes finding the atom species, the location of the atoms, pseudopotentials, the
k-space path for the dispersion relationship, and the unit vectors, among other things for chosen
material. There are databases loaded with these parameters for lots of materials.

5.1 Getting unit cell information from .CIF files for new materials

In the field of crystallography, there are two common languages used to define the conventional
unit cell of a crystal structure. The first, which I’ll refer to as abc, pairs a primitive unit cell
with a space group, which contains information about the needed rotations and tessellations
needed to produce the conventional unit cell. The second defines the positions of all the atoms
in the conventional unit cell via Cartesian coordinates without the need to specify a space

group; I'll call this xyz.

OpenMX needs a unit cell that is specified in xyz, meaning that the unit vectors and the atom
positions must be specified in Cartesian coordinates. One of the best resources for obtaining
crystal structure data, the Crystallography Open Database (crystallography.net) or the

Materials Project (https://materialsproject.org/), but the data stored in these databases is

distributed in .cCif files that use the abc convention. Any .cif file downloaded from this database
will specify a unit cell by giving three tessellation lengths (a, b, and c) and the angles between
the tessellation directions (a, £, and y), referred to collectively as lattice constants (see the
figure below).

X

To use the information contained in these .Cif files in OpenMX, you need to convert the lattice
constants to Cartesian unit vectors (this is separate from the atom positions). If we let the side
length a lie on the x-axis and put b in the x-y plane, then the cartesian unit vectors can be
found as follows —
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a=ax
b= b(cosy X + siny y)

(cosa — cosy cos ﬂ)2>1/2 A)
2

cosa —cosycosf

siny sin?y

E=c<cos,89?+ )7+<sin2,8—
These vectors can be added to the <Atoms.UnitVectors> section of the .dat file. Now that
we have the Cartesian unit vectors we need to figure out the positions of the atoms within the
unit cell. The .cif files report the atomic locations of the primitive unit cell in fractional
coordinates as shown in the figure below.

_atom site label

_atom site type symbol
~atom site fract x
_atom site fract y
_atom site fract z
~atom site occupancy

~atom site U iso or equiv

T Mol Mo+4 0.3333 0.6667 0.25 1 0.0
L ST S-2 0.3333 0.6667 0.623 1 0.0

Data Table Column
Titles

Atom Location Data

Each row in the data table gives the coordinates of a primitive unit cell atom as fractions of a,
b, and c in the third, fourth, and fifth columns, respectively. Since OpenMX only tessellates the
unit cell, the primitive unit cell may not contain all of the atom locations that OpenMX needs
to perform the calculation correctly. For this example, the .cif file for MoS> has only two atoms
detailed, but there are six atoms that need to be detailed to generate the lattice purely by
tessellating the unit cell. OpenMX has a web app (the OpenMX viewer) that allows us to
convert the position data in a .Cif file to Cartesian coordinates for all atoms needed easily at
(http://www.openmx-square.org/viewer /index.html). You can also use this as an alternative to

XCrySDen for crystal visualization. Simply download the desired .Cif file from a database and
drag it into the OpenMX Viewer window.

(_: (_)O Crystallography Open Database

COD Home

Search results
Home

Whar's sn? Result: there ave 13 entries in the selection

Asceming COD Data =

Donmload all ressdts av Lot of COD nusabeers | List o CIE URLs | datas C5% format | mcuie of CIF files (ZIF)

Browse
Searc

Searching elements including Me, S number of elements between  and 2
b

Search by structisal
fogmmila

of 1| Next 200 | Lase b | Duplay 3 20 50 100 200 300 500 1000 extries
: ./
-,
[Add Your Dats [ e S R T — a i
Drepanit your data Sl Mas2 Béimme 2 123105 Dichonscn. B G: Paling. = ‘Welcome to OpenMX Viewer
Mamage depautions L
Magage releae
grrepablacatsons
. Drag & drop here the following file:
A a'dat’, 'y, 'ed’, 'md', or 'cif' file
1011286 CEE  MoS2 Pélmme 31631461253 107 Haweel O by
COD Wiks 90: 90: 120 Uelbser due
Obsaang COD Krntallotrukror des
Queryisg COD Molvhdsemglanzes
Cinng COD
COD Mamroes

Advaces 10 donators
Useful links



http://www.openmx-square.org/viewer/index.html

Mitchell Senger OpenMX Tutorial Oregon State University

You'll get a popup window asking if you want OpenMX Viewer to draw the conventional unit
cell; just press “OK”. You should then see the conventional unit cell of the material. There are a
lot of helpful tools built into this application, but for now, we just need the position data. You
can download the data as a .xyz file with the toolbar at the bottom by selecting “xyz” from the
“Save” dropdown menu.

Supercell Il ~ I * KA Atoms [ETENTF Bonds EIERMNGA Number @ Symbol ® BCC EEENNNEA

Atom Size Bond Thickness Bond Factor Cells @ Axes B Perspective @ Structure B

Dynamics M Net Charge _ Spin Force B Velocity @ Roton x _ Rot on }*_ Rot

on z (R Save
Safari

Rotaie: click+drag Zoom: scroll Translate: cirl+click+drag Note: click the middle button for

Save the file and open it with gedit or another formatting word processor. These .xyz files
contain a nicely formatted table containing the Cartesian coordinates of the atoms in the
conventional unit cell (all units here are in angstroms).

Number G L i ..
X-position y-position z-position

of Atoms
Mo -0.0001585 1.8297145 3.0810000
Mo 1.5843416 0.9147200 9.2430000
b -0.0001585 1.8257145 T.6778520
b 1.584341¢6 0.59147200 1.5158520
] -0.0001584 1.82597145 10.8081480
3 1.584341¢6 0.9147200 4.6461480

The number in the header just specifies the number of atoms in the conventional unit cell. You
can enter these positions as is into an OpenMX .dat file in the <Atoms.SpeciesAndCoordinates>
section to run your calculations.

5.2 Generating custom k-paths

You can find the coordinates of the k-points for materials by looking up their space group number
in the Bilbao Crystallographic Server database (http://www.cryst.echu.es/cryst/get kvec.html).

Space groups can usually be found on the Wikipedia page for a given material and they are listed
in the .cif files obtained from the Crystallography open database. To get the coordinates of the
high-symmetry k-points, click the “comparative listing of k-vector types” button once you’ve
entered the space group number for a material. The labels in the leftmost column correspond to
the k-point names, and the values on the rightmost column correspond to the kx, ky, kz
coordinate values that need to be entered into Band.kpath.
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Bilbas Cryatallogeaphic Servar = The k-veclor typas and Beilloin zonas of the space groupa Hep  ENUROCortalographic Server—s k-vecior types. and Exiluin zones Help
The k-vector types of space group Péy/mmec (194)
The k-vector types andgrB‘:lI‘I‘I;uln zones of the space - A "

PE/mmm-Dgp,! (191) to PEy/mme- Dy, 4(194)

group (PG ', No.191
Please, enter the sequential number o i il .

of the space group as given in 15
infernationai Tables for ) - | Erillouin zono
The Brillouin-zone Crystallography, Vol A or choose it
database offers kvector
tables and figures which k-vector description __ITA
ook ]
classificabon  of  the Sorpenaty Mg of K thcor bpet Wyckoff Position| Coordinates
irreducible pUmzed teing ¢ v " | Label Cosflicients
of all 2
rapres;rr'mnﬁ 230 oM 000 1 |a| emmm 000
The space groups are A 00,12 1 | o | ammm 00172
specified by their K 13130 2lc 6m2 231130
sequential number as
S In B Inbarmeticig) H Bz |2 |d| eme 231012
Tabifes for o7 00u 2|e| Smm 00z 0<z<12
%smgam;l.w\fﬂ' m-:\s M 1200 3lf] mmm 11200
nurmber. if you know : of L 120172 3 a]| mmm 12012
n
m’ gle m?ﬁaltsng P 1313 4 h| 3m 2313z 0<z<12
group  numbers  and T <1
symbuls il you chck on 4 a0 L L iz 0%zs 12
choose it SM 0,0 61| mam x00 0=x<12
To get the k-vector typas R u012 6 | k| mam x012 0<x<ii2
descnbed i thiee LD 0,0 ex 61| mmz X020 0<x<23
Ef:d:.?.‘m":;‘l'* éﬁ;{'“'?#:i i zuzulex [ 6] 1| mm2 1220 0<x<16
SR PO M S =Ty 61| mm X020 VIexed
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