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1 Introduction

Welcome to the Elk Code! Elk is an all-electron full-potential linearised augmented-plane-
wave (FP-LAPW) code for determining the properties of crystalline solids. It was developed
originally at the Karl-Franzens-Universitit Graz as part of the EXCITING EU Research and
Training Network projectﬂ The guiding philosophy during the implementation of the code
was to keep it as simple as possible for both users and developers without compromising on
its capabilities. All the routines are released under either the GNU General Public License
(GPL) or the GNU Lesser General Public License (LGPL) in the hope that they may inspire
other scientists to implement new developments in the field of density functional theory and
beyond.
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3 Units

Unless explicitly stated otherwise, Elk uses atomic units. In this system h = 1, the electron
mass m = 1, the Bohr radius ap = 1 and the electron charge e = 1 (note that the electron
charge is positive, so that the atomic numbers Z are negative). Thus, the atomic unit of
length is 0.52917720859(36) A, and the atomic unit of energy is the Hartree which equals
27.21138386(68) eV. The unit of the external magnetic fields is defined such that one unit
of magnetic field in elk.in equals 1715.255397557 Tesla.

4 Compiling and running Elk

4.1 Compiling the code

Unpack the code from the archive file. Run the command

setup

in the elk directory and select the appropriate system and compiler. We highly recommend
that you edit the file make.inc and tune the compiler options for your computer system.
In particular, use of machine-optimised BLAS/LAPACK libraries can result in significant
increase in performance, but make sure they are of version 3.x. Following this, run

make

This will hopefully compile the entire code and all the libraries into one executable, elk,
located in the elk/src directory. It will also compile two useful auxiliary programs, namely
spacegroup for producing crystal geometries from spacegroup data and eos for fitting
equations of state to energy-volume data. If you want to compile everything all over again,
then run make clean from the elk directory, followed by make.

4.1.1 Parallelism in Elk

Three forms of parallelism are implemented in Elk, and all can be used in combination with
each other, with efficiency depending on the particular task, crystal structure and computer
system. You may need to contact your system administrator for assistance with running
Elk in parallel.

1. OpenMP works for symmetric multiprocessors, i.e. computers that have many cores
with the same unified memory accessible to each. It is enabled by setting the appro-
priate command-line options (e.g. —openmp for the Intel compiler) before compiling,
and also at runtime by the environment variable

export OMP_NUM_THREADS=x

where x is the number of cores available on a particular node. Elk also makes use of
nested OpenMP parallelism, meaning that there are nested parallel loops in parts of
the code, the iterative diagonaliser being one such example. These nested loops can
be run in parallel by setting
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export OMP_NESTED=true

Be aware that using this option can actually degrade performance if too many threads
are created. To avoid such oversubscription, you may need to adjust related OpenMP
VarkﬂﬂesinchldhugDMP,THREAD,LIMIT,UMP,MAX,ACTIVE,LEVELSzuniOMPADYNAMIC(there
may also be additional compiler-specific environment variables that can be set). Fi-
nally, some vendor-supplied BLAS/LAPACK libraries use OpenMP internally, for
example MKL from Intel and ACML from AMD; refer to their documentation for
usage.

. The message passing interface (MPI) is particularly suitable for running Elk across
multiple nodes of a cluster, with scaling to hundreds of processors possible. To enable
MPI, comment out the indicated line in elk/src/Makefile and set the variable F90
in elk/make.inc to the MPI version of Fortran 90 (usually mpif90). Then run make
clean followed by make. If y is the number of nodes and x is the number of cores per
node, then at runtime envoke

mpirun -np z ./elk

where z = x -y is the total number of cores available on the machine. Highest
efficiency is obtained by using hybrid parallelism with OpenMP on each node and
MPI across nodes. This can be done by compiling the code using the MPI Fortran
compiler in combination with the OpenMP command-line option. At runtime set
export OMP_NUM_THREADS=x and start the MPI run with one process per node as
follows

mpirun -pernode -np y ./elk

The number of MPI processes is reported in the file INFO.0UT which serves as a check
that MPI is running correctly. Note that version 2 of the MPI libraries is required to
run Elk.

. Phonon calculations use a simple form of parallelism by just examining the run direc-
tory for dynamical matrix files. These files are of the form

DYN_Qqqq9-9999-9999-Sss_Aaa_Pp.0UT

and contain a single row of a particular dynamical matrix. Elk simply finds which DYN
files do not exist, chooses one and runs it. This way many independent runs of Elk
can be started in the same directory on a networked file system (NFS), and will run
until all the dynamical matrices files are completed. Should a particular run crash,
then delete the associated empty DYN file and rerun Elk.
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4.2 Linking with the libxc functional library

Libxc is the ETSF library of exchange-correlation functionals. Elk can use the complete
set of LDA and GGA functionals available in libxc. In order to do this, first download and
compile libxc. This should have produced the file 1ibxc.a. Copy this file to the elk/src
directory and then uncomment the lines indicated for libxc in the file elk/src/Makefile.
Once this is done, run make clean followed by make. To select a particular functional of
libxc, use the block

xctype
100 nx nc

where nx and nc are, respectively, the numbers of the exchange and correlation functionals
in the libxc library. See the file elk/src/libxc_funcs.£90 for a list of the functionals and
their associated numbers.

4.3 Running the code

As a rule, all input files for the code are in lower case and end with the extension .in.
All output files are uppercase and have the extension .0UT. For most cases, the user will
only need to modify the file elk.in. In this file input parameters are arranged in blocks.
Each block consists of a block name on one line and the block variables on subsequent lines.
Almost all blocks are optional: the code uses reasonable default values in cases where they
are absent. Blocks can appear in any order, if a block is repeated then the second instance
is used. Comment lines can be included in the input file and begin with the ! character.

4.3.1 Species files

The only other input files are those describing the atomic species which go into the crystal.
These files are found in the species directory and are named with the element symbol and
the extension .in, for example Sb.in. They contain parameters like the atomic charge,
mass, muffin-tin radius, occupied atomic states and the type of linearisation required. Here
as an example is the copper species file Cu. in:

’Cu’ : spsymb

’copper’ : spname
-29.0000 : spzn

115837.2716 : spmass

0.371391E-06 2.0000 34.8965 500 : sprmin, rmt, sprmax, nrmt
10 : spnst

1 0 1 2.00000 T : spn, spl, spk, spocc, spcore
2 0 1 2.00000 T

2 1 1 2.00000 T

2 1 2 4.00000 T

3 0 1 2.00000 T

3 1 1 2.00000 F

3 1 2 4.00000 F

3 2 2 4.00000 F

3 2 3 6.00000 F
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4 0 1 1.00000 F

1 : apword

0.1500 O F : apwe0O, apwdm, apwve
1 : nlx

2 2 : 1x, apword

0.1500 O T : apweO, apwdm, apwve
0.1500 1 T

4 : nlorb

0 2 : lorbl, lorbord
0.1500 0 F : lorbeO, lorbdm, lorbve
0.1500 1 F

1 2

0.1500 O F

0.1500 1 F

2 2

0.1500 O F

0.1500 1 F

1 3

0.1500 O F

0.1500 1 F
-2.8652 0 T

The input parameters are defined as follows:

spsymb
The symbol of the element.

Spname
The name of the element.

spzn
Nuclear charge: should be negative since the electron charge is taken to be postive in the
code; it can also be fractional for purposes of doping.

spmass
Nuclear mass in atomic units.

sprmin, rmt, sprmax, nrmt
Respectively, the minimum radius on logarithmic radial mesh; muffin-tin radius; effective
infinity for atomic radial mesh; and number of radial mesh points to muffin-tin radius.

spnst
Number of atomic states.

spn, spl, spk, spocc, spcore

Respectively, the principal quantum number of the radial Dirac equation; quantum number
l; quantum number k (I or I + 1); occupancy of atomic state (can be fractional); .T. if
state is in the core and therefore treated with the Dirac equation in the spherical part of
the muffin-tin Kohn-Sham potential.

apword
Default APW function order, i.e. the number of radial functions and therefore the order of
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the radial derivative matching at the muffin-tin surface.

apweO, apwdm, apwve

Respectively, the default APW linearisation energy; the order of the energy derivative of
the APW radial function 0™u(r)/OE™; and .T. if the linearisation energy is allowed to
vary.

nlx

The number of exceptions to the default APW configuration. These should be listed on sub-
sequent lines for particular angular momenta. In this example, the fixed energy APW with
angular momentum d (1x = 2) is replaced with a LAPW, which has variable linearisation
energy.

nlorb
Number of local orbitals.

lorbl, lorbord
Respectively, the angular momentum [ of the local-orbital; and the order of the radial
derivative which goes to zero at the muffin-tin surface.

lorbeO, lorbdm, lorbve
Respectively, the default local-orbital linearisation energy; the order of the energy derivative
of the local-orbital radial function; and .T. if the linearisation energy is allowed to vary.

4.3.2 Examples

The best way to learn to use Elk is to run the examples included with the package. These
can be found in the examples directory and use many of the code’s capabilities. The
following section which describes all the input parameters will be of invaluable assistance.

5 Input blocks

This section lists all the input blocks available. It is arranged with the name of the block
followed by a table which lists each parameter name, what the parameter does, its type and
default value. A horizontal line in the table indicates a new line in elk.in. Below the table
is a brief overview of the block’s function.

5.1 atoms
nspecies number of species integer | 0
spfname (i) | species filename for species i string | -
natoms (i) number of atoms for species i integer | -
atposl(j,i) | atomic position in lattice coordinates for atom j real(3) | -
bfcmt (j,1i) | muffin-tin external magnetic field in Cartesian coordinates | real(3) | -
for atom j

Defines the atomic species as well as their positions in the unit cell and the external magnetic
field applied throughout the muffin-tin. These fields are used to break spin symmetry and
should be considered infinitesimal as they do not contribute directly to the total energy.
Collinear calculations are more efficient if the field is applied in the z-direction. One could,
for example, set up an anti-ferromagnetic crystal by pointing the field on one atom in the
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positive z-direction and in the opposite direction on another atom. If molecule is .true.
then the atomic positions are assumed to be in Cartesian coordinates. See also sppath,
bfieldc and molecule.

5.2 autokpt

autokpt | .true. if the k-point set is to be determined automati- | logical | .false.
cally

See radkpt for details.

5.3 autolinengy

autolinengy | .true. if the fixed linearisation energies are to be | logical | .false.
determined automatically

See dlefe for details.

5.4 autoswidth

autoswidth | .true. if the smearing parameter swidth should be | logical | .false.
determined automatically

Calculates the smearing width from the k-point density, Viz/ng; the valence band width,
W; and an effective mass parameter, m*; according to

_ VAW <3VBZ>1/3

m*

47 ng

The variable mstar then replaces swidth as the control parameter of the smearing width.
A large value of m* gives a narrower smearing function. Since swidth is adjusted accord-
ing to the fineness of the k-mesh, the smearing parameter can then be eliminated. It is
not recommended that autoswidth be used in conjunction with the Fermi-Dirac smearing
function, since the electronic temperature will then be a function of the k-point mesh. See
T. Bjorkman and O. Granés, Int. J. Quant. Chem. DOI: 10.1002/qua.22476 (2010) for
details. See also stype and swidth.

5.5 avec
avec(1) | first lattice vector real(3) | (1.0,0.0,0.0)
avec(2) | second lattice vector real(3) | (0.0,1.0,0.0)
avec(3) | third lattice vector real(3) | (0.0,0.0,1.0)

Lattice vectors of the crystal in atomic units (Bohr).

5.6 betal

’ betal ‘ adaptive mixing parameter ‘ real ‘ 0.05 ‘

This determines how much of the potential from the previous self-consistent loop is mixed
with the potential from the current loop. It should be made smaller if the calculation is
unstable. See betamax and also the routine mixadapt.
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5.7 Dbetamax

] betamax ‘ maximum adaptive mixing parameter ‘ real ‘ 0.5 ‘

Maximum allowed mixing parameter used in routine mixadapt.

5.8 Dbfieldc
bfieldc | global external magnetic field in Cartesian coordi- | real(3) | (0.0,0.0,0.0)
nates

This is a constant magnetic field applied throughout the entire unit cell and enters the
second-variational Hamiltonian as

Je -

-— 0 Bexta

4c

where g. is the electron g-factor. This field is normally used to break spin symmetry for
spin-polarised calculations and considered to be infinitesimal with no direct contribution to
the total energy. In cases where the magnetic field is finite (for example when computing
magnetic response) the external B-field energy reported in INFO.0OUT should be added to the
total by hand. This field is applied throughout the entire unit cell. To apply magnetic fields
in particular muffin-tins use the bfcmt vectors in the atoms block. Collinear calculations
are more efficient if the field is applied in the z-direction.

5.9 broydpm

’ broydpm ‘ Broyden mixing parameters o and wg ‘ real ‘ (0.25,0.01) ‘

See mixtype and mixsdb.

5.10 c_tb09

’ c_tb09 ‘ Tran-Blaha constant ¢ ‘ real ‘ - ‘

Sets the constant ¢ in the Tran-Blaha ’09 functional. Normally this is calculated from the
density, but there may be situations where this needs to be adjusted by hand. See Phys.
Rev. Lett. 102, 226401 (2009).

5.11 chgexs

] chgexs \ excess electronic charge \ real \ 0.0 ‘

This controls the amount of charge in the unit cell beyond that required to maintain neu-
trality. It can be set positive or negative depending on whether electron or hole doping is
required.

5.12 deltaem

deltaem | the size of the k-vector displacement used when calculating nu- | real | 0.025
merical derivatives for the effective mass tensor

See ndspem and vklem.
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5.13 deltaph

deltaph | size of the atomic displacement used for calculating dynamical | real | 0.02
matrices

Phonon calculations are performed by constructing a supercell corresponding to a particular
g-vector and making a small periodic displacement of the atoms. The magnitude of this
displacement is given by deltaph. This should not be made too large, as anharmonic terms
could then become significant, neither should it be too small as this can introduce numerical
error.

5.14 deltast

deltast | size of the change in lattice vectors used for calculating the stress | real | 0.01
tensor

The stress tensor is computed by changing the lattice vector matrix A by
A— (1 + 0t ei)A,

where dt is an infinitesimal equal in practice to deltast and e; is the i*" strain tensor.
Numerical finite differences are used to compute the stress tensor as the derivative of the
total energy dE;/dt.

5.15 dlefe
dlefe | difference between the fixed linearisation energy and the Fermi | real | —0.1
energy

When autolinengy is .true. then the fixed linearisation energies are set to the Fermi
energy plus dlefe.

5.16 dosmsum

’ dosmsum ‘ .true. if the partial DOS is to be summed over m logical | .false.

By default, the partial density of states is resolved over (I, m) quantum numbers. If dosmsum
is set to .true. then the partial DOS is summed over m, and thus depends only on [.

5.17 dosssum

’ dosssum ‘ .true. if the partial DOS is to be summed over spin logical | .false.

By default, the partial density of states for spin-polarised systems is spin resolved.

5.18 epsband

epsband | convergence tolerance for determining band energies ‘ real ‘ 1x 10712

APW and local-orbital linearisation energies are determined from the band energies. This
is done by first searching upwards in energy until the radial wavefunction at the muffin-
tin radius is zero. This is the energy at the top of the band, denoted E;. A downward
search is now performed from FE; until the slope of the radial wavefunction at the muffin-tin
radius is zero. This energy, Ey, is at the bottom of the band. The band energy is taken
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as (Ey + Ey)/2. If either Ey or Ey, is not found, then the band energy is set to the default
value.

5.19 epschg

epschg | maximum allowed error in the calculated total charge beyond | real | 1 x 1073
which a warning message will be issued

5.20 epsengy

’ epsengy ‘ convergence criterion for the total energy ‘ real ‘ 1x1074

See epspot.

5.21 epsforce

epsforce | convergence tolerance for the forces during a geometry op- | real | 5 x 1074
timisation run

If the mean absolute value of the atomic forces is less than epsforce then the geometry
optimisation run is ended. See also tasks and latvopt.

5.22 epslat

’ epslat ‘ vectors with lengths less than this are considered zero ‘ real ‘ 10-6 ‘

Sets the tolerance for determining if a vector or its components are zero. This is to account
for any numerical error in real or reciprocal space vectors.

5.23 epsocc
epsocc | smallest occupancy for which a state will contribute to the | real | 1 x 1078
density
5.24 epspot

’ epspot ‘ convergence criterion for the Kohn-Sham potential and field ‘ real ‘ 1x1076

If the RMS change in the Kohn-Sham potential and magnetic field is smaller than epspot
and the absolute change in the total energy is less than epsengy, then the self-consistent
loop is considered converged and exited. For geometry optimisation runs this results in
the forces being calculated, the atomic positions updated and the loop restarted. See also
epsengy and maxscl.

5.25 epsstress

epsstress | convergence tolerance for the stress tensor during a geom- | real | 5 x 1073
etry optimisation run with lattice vector relaxation

See also epsforce and latvopt.
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5.26 emaxelnes

emaxelnes | maximum allowed initial-state eigenvalue for ELNES calcula- | real | —1.2
tions
5.27 emaxrf

emaxrf | energy cut-off used when calculating Kohn-Sham response func- | real | 10°
tions

A typical Kohn-Sham response function is of the form

op(r,w) S . Zk!ﬂ( )ik (iK' [p(x") lik)
dvs(r', w) N w+ (€5 — i) +in

xs(r, v W)

I

ik, k!

where p is the density operator; N is the number of k-points; ;. and f; are the eigenvalues
and occupation numbers, respectively. The variable emaxrf is an energy window which
limits the summation over states in the formula above so that |e;x — Epermi| < emaxrf.
Reducing this can result in a faster calculation at the expense of accuracy.

5.28 fixspin

fixspin | 0 for no fixed spin moment (FSM), 1 for total FSM, 2 for local | integer | 0
muffin-tin FSM, and 3 for both total and local FSM

Set to 1, 2 or 3 for fixed spin moment calculations. To fix only the direction and not the
magnitude set to —1, —2 or —3. See also momfix, mommtfix, taufsm and spinpol.

5.29 fracinr

fracinr | fraction of the muffin-tin radius up to which 1maxinr is used as | real | 0.25
the angular momentum cut-off

See 1maxinr.

5.30 fxclrc

fxclrc | parameters for the dynamical long-range contribution | real(2) | (0.0,0.0)
(LRC) to the TDDFT exchange-correlation kernel

These are the parameters a and 8 for the kernel proposed in Phys. Rev. B 72, 125203
(2005), namely

a+ﬁw

fl‘C(G7G/7q7w) — 6G G’(SGO

5.31 fxtype

’ fxctype ‘ integer defining the type of exchange-correlation kernel fy. ‘ integer ‘ -1 ‘

The acceptable values are:
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—1  fxc defined by xctype

0,1 RPA (fxc =0)

200 Long-range contribution (LRC) kernel, S. Botti et al., Phys. Rev. B 72, 125203
(2005); see fxclrc

210 ‘Bootstrap’ kernel, S. Sharma, J. K. Dewhurst, A. Sanna and E. K. U. Gross, Phys.
Rev. Lett. 107, 186401 (2011)

5.32 gmaxrf
] gmaxrf ‘ maximum length of |G| for computing response functions ‘ real ‘ 3.0 ‘
5.33 gmaxvr

gmaxvr | maximum length of |G| for expanding the interstitial density and | real | 12.0
potential

This variable has a lower bound which is enforced by the code as follows:
gmaxvr — max (gmaxvr, 2 X gkmax + epslat)

See rgkmax and trimvg.

5.34 hdbse
hdbse | .true. if the direct term is to be included in the BSE Hamil- | logical | .true.
tonian
5.35 highq
’ highq ‘ .true. if a high quality parameter set should be used logical | .false.

Setting this to .true. results in some default parameters being changed to ensure good
convergence in most situations. See the subroutine readinput for the list of changed pa-
rameters and their values. These changes can be overruled by subsequent blocks in the
input file.

5.36 hmaxvr

] hmaxvr ‘ maximum length of H-vectors ‘ real ‘ 6.0 ‘

The H-vectors are used for calculating X-ray and magnetic structure factors. They are also
used in linear response phonon calculations for expanding the density and potential in plane
waves. See also gmaxvr, vhmat, reduceh, wsfac and hkmax.

5.37 hxbse

’ hxbse ‘ .true. if the exchange term is to be included in the BSE Hamiltonian | .true.
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5.38 hybrid

hybrid | .true if a hybrid functional is to be used when running a | logical | .false
Hartree-Fock calculation

See also hybridc and xctype.

5.39 hybridc

’ hybridc ‘ hybrid functional mixing coefficient ‘ real ‘ 1.0 ‘

5.40 intraband

intraband | .true. if the intraband (Drude-like) contribution is to | logical | .false.
be added to the dieletric tensor

5.41 isgkmax

isgkmax | species for which the muffin-tin radius will be used for calcu- | integer | —1
lating gkmax

By default (—1) the average muffin-tin radius is used for determining gkmax from rgkmax.
This can be changed by setting isgkmax either to the desired species number; or to —2 if
gkmax = rgkmax/2; or to —3 in which case the smallest radius is used.

5.42 kstlist

’ kstlist (i) ‘ ith k-point and state pair ‘ integer(2) ‘ (1,1) ‘

This is a user-defined list of k-point and state index pairs which are those used for plotting
wavefunctions and writing L, S and J expectation values. Only the first pair is used by the
aforementioned tasks. The list should be terminated by a blank line.

5.43 1latvopt

latvopt | type of lattice vector optimisation to be performed during struc- | integer | 0
tural relaxation

Unconstrained optimisation of the lattice vectors will be performed with task = 2,3 when
latvopt = 1. When latvopt = 2 the lattice vectors will be optimised while keeping the
unit cell volume fixed. In either case, the crystal symmetry is retained during optimisation.
By default (latvopt = 0) no lattice vector optimisation is performed during structural
relaxation. See also tauOlatv.

5.44 1lda+u
ldapu type of LDA+U calculation integer
inptypelu | type of input for LDA4U calculation integer | 1
is species number integer | -
1 angular momentum value integer | -1
the desired U value real 0.0
j the desired J value real 0.0
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This block contains the parameters required for an LDA+U calculation, with the list of
parameters for each species terminated with a blank line. The type of double counting

required is set with the parameter 1dapu. Currently implemented are:
0 No LDA-+U calculation

1 Fully localised limit (FLL)
2 Around mean field (AFM)
3 An interpolation between FLL and AFM

The type of input parameters is set with the parameter inptypelu. The current possibilities
are:

1 UandlJ

2 Slater parameters

3 Racah parameters

4 Yukawa screening length

5 U and determination of corresponding Yukawa screening length

See (amongst others) Phys. Rev. B 67, 153106 (2003), Phys. Rev. B 52, R5467 (1995),
Phys. Rev. B 60, 10673 (1999), and Phys. Rev. B 80, 035121 (2009).

5.45 lmaxapw

’ lmaxapw ‘ angular momentum cut-off for the APW functions ‘ integer ‘ 8 ‘

5.46 1lmaxdos

’ 1maxdos ‘ angular momentum cut-off for the partial DOS plot integer ‘ 3 ‘

5.47 1lmaxinr

lmaxinr | angular momentum cut-off for the muffin-tin density and poten- | integer | 2
tial on the inner part of the muffin-tin

Close to the nucleus, the density and potential is almost spherical and therefore the spherical
harmonic expansion can be truncated a low angular momentum. See also fracinr.

5.48 1lmaxmat

lmaxmat | angular momentum cut-off for the outer-most loop in the hamil- | integer | 5
tonian and overlap matrix setup

5.49 1lmaxvr

’ 1lmaxvr ‘ angular momentum cut-off for the muffin-tin density and potential | integer ‘ 7 ‘

5.50 1Imirep

lmirep | .true. if the Y}, basis is to be transformed into the basis of | logical | .true.
irreducible representations of the site symmetries for DOS
plotting
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When lmirep is set to .true., the spherical harmonic basis is transformed into one in which
the site symmetries are block diagonal. Band characters determined from the density matrix
expressed in this basis correspond to irreducible representations, and allow the partial DOS
to be resolved into physically relevant contributions, for example e, and ta,.

5.51 lorbcnd

lorbend | .true. if conduction state local-orbitals are to be auto- | logical | .false.
matically added to the basis

Adding these higher energy local-orbitals can improve calculations which rely on accurate
unoccupied states, such as the response function. See also lorbordc.

5.52 lorbordc

’ lorbordc ‘ the order of the conduction state local-orbitals integer ‘ 3 ‘

See lorbcnd.

5.53 lradstp

lradstp | radial step length for determining coarse radial mesh integer ‘ 4 ‘

Some muffin-tin functions (such as the density) are calculated on a coarse radial mesh and
then interpolated onto a fine mesh. This is done for the sake of efficiency. 1radstp defines
the step size in going from the fine to the coarse radial mesh. If it is too large, loss of
precision may occur.

5.54 maxitoep

maxitoep | maximum number of iterations when solving the exact ex- | integer | 200
change integral equations

See tauloep.

5.55 maxscl

] maxscl ‘ maximum number of self-consistent loops allowed ‘ integer ‘ 200 ‘

This determines after how many loops the self-consistent cycle will terminate if the conver-
gence criterion is not met. If maxscl is 1 then the density and potential file, STATE.OUT,
will not be written to disk at the end of the loop. See epspot.

5.56 mixtype

’ mixtype ‘ type of mixing required for the potential integer ‘ 1 ‘

Currently implemented are:
1 Adaptive linear mixing
2 Pulay mixing, Chem. Phys. Lett. 73, 393 (1980)
3 Broyden mixing, J. Phys. A: Math. Gen. 17, L317 (1984)
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5.57 mixsdb

] mixsdb ‘ subspace dimension for Broyden mixing integer ‘ ) ‘

This is the number of mixing vectors which define the subspace in which the Hessian matrix
is calculated. See mixtype and broydpm.

5.58 mixsdp

’ mixsdp ‘ subspace dimension for Pulay mixing integer ‘ 3 ‘

See mixsdb and mixtype.

5.59 molecule

’ molecule ‘ .true. if the system is an isolated molecule logical | .false.

If molecule is .true., then the atomic positions, a, given in the atoms block are assumed
to be in Cartesian coordinates.

5.60 momfix

momfix | the desired total moment for a FSM calculation ‘ real(3) ‘ (0.0,0.0,0.0) ‘

Note that all three components must be specified (even for collinear calculations). See
fixspin, taufsm and spinpol.

5.61 mommtfix

is species number integer 0

ia atom number integer 0

mommtfix | the desired muffin-tin moment for a FSM calcula- | real(3) | (0.0,0.0,0.0)
tion

The local muffin-tin moments are specified for a subset of atoms, with the list terminated
with a blank line. Note that all three components must be specified (even for collinear
calculations). See fixspin, taufsm and spinpol.

5.62 mstar

mstar | Value of the effective mass parameter used for adaptive determina- | real | 10.0
tion of swidth

See autoswidth.

5.63 mustar

mustar | Coulomb pseudopotential, u*, used in the McMillan-Allen-Dynes | real | 0.15
equation

This is used when calculating the superconducting critical temperature with the formula
Phys. Rev. B 12, 905 (1975)

_ Wiog ox —1.04(1 4+ X)
¢ 12ks TP [N 1+ 0.620) ]

26



where wjog is the logarithmic average frequency and A is the electron-phonon coupling
constant.

5.64 ncbse

’ ncbse ‘ number of conduction states to be used for BSE calculations integer ‘ 3 ‘

See also nvbse.

5.65 ndspem

ndspem | the number of k-vector displacements in each direction around | integer | 1
vklem when computing the numerical derivatives for the effective
mass tensor

See deltaem and vklem.

5.66 nempty

] nempty ‘ the number of empty states per atom and spin ‘ real ‘ 4.0 ‘

Defines the number of eigenstates beyond that required for charge neutrality. When running
metals it is not known a priori how many states will be below the Fermi energy for each
k-point. Setting nempty greater than zero allows the additional states to act as a buffer
in such cases. Furthermore, magnetic calculations use the first-variational eigenstates as a
basis for setting up the second-variational Hamiltonian, and thus nempty will determine the
size of this basis set. Convergence with respect to this quantity should be checked.

5.67 ngridk

’ ngridk ‘ the k-point mesh sizes ‘ integer(3) ‘ (1,1,1) ‘

The k-vectors are generated using

11+ 2 +v2 13+ U3
k:( 9 ) )7

ny n2 n3

where 7; runs from 0 to n; — 1 and 0 < wv; <1 for j = 1,2,3. The vector v is given by the
variable vkloff. See also reducek.

5.68 ngridq

’ ngridq ‘ the phonon ¢-point mesh sizes ‘ integer(3) ‘ (1,1,1) ‘

Same as ngridk, except that this mesh is for the phonon g-points. See also reduceq.

5.69 nosource

nosource | when set to .true., source fields are projected out of | logical | .false.
the exchange-correlation magnetic field

Experimental feature.
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5.70 notes

] notes (i) ‘ the ith line of the notes ‘ string ‘ - ‘

This block allows users to add their own notes to the file INFO.0UT. The block should be
terminated with a blank line, and no line should exceed 80 characters.

5.71 nseqit

nseqit | number of iterations per self-consistent loop using the iterative | integer | 30
first-variational secular equation solver

See tseqit.

5.72 ntemp

’ ntemp ‘ number of temperature steps integer ‘ 20 ‘

This is the number of temperature steps to be used in the Eliashberg gap and thermody-
namic properties calculations.

5.73 nvbse

’ nvbse ‘ number of valence states to be used for BSE calculations integer ‘ 2 ‘

See also ncbse.

5.74 nwrite

nwrite | number of self-consistent loops after which STATE.QUT is to be | integer | 0
written

Normally, the density and potentials are written to the file STATE. QUT only after completion
of the self-consistent loop. By setting nwrite to a positive integer the file will instead be
written every nwrite loops.

5.75 optcomp

optcomp | the components of the first- or second-order optical ten- | integer(3) | (1,1,1)
sor to be calculated

This selects which components of the optical tensor you would like to plot. Only the first
two are used for the first-order tensor. Several components can be listed one after the other
with a blank line terminating the list.

5.76 phwrite

nphwrt number of ¢-points for which phonon modes are to | integer 1
be found
vqlwrt (i) | the ith ¢-point in lattice coordinates real(3) | (0.0,0.0,0.0)

This is used in conjunction with task=230. The code will write the phonon frequencies
and eigenvectors to the file PHONON.QUT for all the g-points in the list. The ¢-points can
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be anywhere in the Brillouin zone and do not have to lie on the mesh defined by ngridg.
Obviously, all the dynamical matrices have to be computed first using task=200.

5.77 plotid
nvpld number of vertices integer 2
nppld number of plotting points integer 200
vvlpld (i) | lattice coordinates for vertex i real(3) | (0.0,0.0,0.0) — (1.0,1.0,1.0)

Defines the path in either real or reciprocal space along which the 1D plot is to be produced.
The user should provide nvpld vertices in lattice coordinates.

5.78 plot2d
vclp2d(1) | first corner (origin) real(3) (0.0,0.0,0.0)
vclp2d(2) | second corner real(3) (1.0,0.0,0.0)
vclp2d(3) | third corner real(3) (0.0,1.0,0.0)
np2d number of plotting points in both directions integer(2) (40, 40)

Defines the corners of a parallelogram and the grid size used for producing 2D plots.

5.79 plot3d
vclp3d(1) | first corner (origin) real(3) (0.0,0.0,0.0)
vclp3d(2) | second corner real(3) (1.0,0.0,0.0)
vclp3d(3) | third corner real(3) (0.0,1.0,0.0)
vclp3d(4) | fourth corner real(3) (0.0,0.0,1.0)
np3d number of plotting points each direction integer(3) | (20,20, 20)

Defines the corners of a box and the grid size used for producing 3D plots.

5.80 primcell

] primcell ‘ .true. if the primitive unit cell should be found ‘ logical | .false.

Allows the primitive unit cell to be determined automatically from the conventional cell.
This is done by searching for lattice vectors among all those which connect atomic sites,
and using the three shortest which produce a unit cell with non-zero volume.

5.81 radkpt

’ radkpt ‘ radius of sphere used to determine k-point density ‘ real ‘ 40.0 ‘

Used for the automatic determination of the k-point mesh. If autokpt is set to .true. then
the mesh sizes will be determined by n; = Ry|B;|+ 1, where B; are the primitive reciprocal
lattice vectors.

5.82

readalu

readalu

set to .true. if the interpolation constant for LDA+U .false.

should be read from file rather than calculated

logical
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When 1dapu=3, the LDA+U energy and potential are interpolated between FLL and AFM.
The interpolation constant, «, is normally calculated from the density matrix, but can also
be read in from the file ALPHALU.QUT. This allows the user to fix «, but is also necessary
when calculating forces, since the contribution of the potential of the variation of a with
respect to the density matrix is not computed. See lda+u.

5.83 reducebf

’ reducebf ‘ reduction factor for the external magnetic fields \ real \ 1.0 ‘

After each self-consistent loop, the external magnetic fields are multiplied with reducebf.
This allows for a large external magnetic field at the start of the self-consistent loop to
break spin symmetry, while at the e