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case.scf mini Contains the last scf-iteration of each individual time (geometry) step during a struc-
tural minimization using mini. Thus this file contains a complete history of properties (en-
ergy, forces, positions) during a structural minimization.

case.sigma Contains the atomic densities for those states with a “P” in case.inst. Generated in
lstart and used for difference densities in lapw5.

case.spaghetti ps A ps file with the energy bandstructure plot generated by spaghetti.
case.band.agr A xmgrace file with the energy bandstructure plot generated by spaghetti.
case.vcoul Contains the Coulomb potential (in the lattice harmonics representation as r2 ∗ VLM (r)

and as Fourier coefficients) in a form suitable for plotting with lapw5.
case.vtotal Contains the total potential (in the lattice harmonics representation as r2 ∗ VLM (r) and

as Fourier coefficients) in a form suitable for plotting with lapw5.
case.vector Binary file, contains the eigenvalues and eigenvectors of all k-points calculated in

lapw1. In spin-polarized calculations two files case.vectorup and case.vectordn are
used instead. lapwso generates case.vectorso.

case.energy Contains the eigenvalues of all k-points calculated in lapw1. In spin-polarized calcu-
lations two files case.vectorup and case.vectordn are used instead. lapwso generates
case.energyso.

case.vns Contains the non-spherical part of the total potential V. Inside the sphere the radial co-
efficients of the lattice harmonics representation are listed (for L greater than 0), while for
the interstitial region the reanalyzed Fourier coefficients are given (see equ. (2.10)). In spin-
polarized calculations two files case.vnsup and case.vnsdn are used instead.

case.vorbup/dn Contains the orbital dependent part of the potential in LDA+U, OP or Hybrid-
DFT calculations. Generated in orb, used in lapw1.

case.vsp Contains the spherical part of the total potential V stored as r ∗ V (thus the first val-
ues should be close to −2 ∗ Z). In spin-polarized calculations two files case.vspup and
case.vspdn are used instead.

4.3 The “master input“ file case.struct

The file case.struct defines the structure and is the main input file used in all programs. We
provide several examples in the subdirectory

example struct file

If you are using the “Struct Generator” from the graphical user interface w2web, you don’t have to
bother with this file directly! However, the description of the fields of the input mask can be found
here.

Note: If you are changing this file manually, please note that this is a formatted file and the proper column
positions of the characters are important! Use REPLACE instead of DELETE and INSERT during edit!

We start the description of this file with an abridged example for rutile TiO2 (adding line numbers):

--------------------- top of file ---------------------line #
Titaniumdioxide TiO2 (rutile): u=0.305 1
P LATTICE,NONEQUIV. ATOMS 2 2
MODE OF CALC=RELA 3
8.6817500 8.6817500 5.5916100 90. 90. 90. 4
ATOM -1: X= 0.0000000 Y= 0.0000000 Z= 0.0000000 5

MULT= 2 ISPLIT= 8 6
ATOM -1: X= 0.5000000 Y= 0.5000000 Z= 0.5000000
Titanium NPT= 781 R0=.000022391 RMT=2.00000000 Z:22.0 7
LOCAL ROT MATRIX: -.7071068 0.7071068 0.0000000 8

0.7071068 0.7071068 0.0000000 9
0.0000000 0.0000000 1.0000000 10

ATOM -2: X= 0.3050000 Y= 0.3050000 Z= 0.0000000
MULT= 4 ISPLIT= 8

ATOM -2: X= 0.6950000 Y= 0.6950000 Z= 0.0000000
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ATOM -2: X= 0.8050000 Y= 0.1950000 Z= 0.5000000
ATOM -2: X= 0.1950000 Y= 0.8050000 Z= 0.5000000
Oxygen NPT= 781 R0=.000017913 RMT=1.60000000 Z: 8.0
LOCAL ROT MATRIX: 0.0000000 -.7071068 0.7071068

0.0000000 0.7071068 0.7071068
1.0000000 0.0000000 0.0000000

16 SYMMETRY OPERATIONS: 11
1 0 0 0.00 12
0 1 0 0.00 13
0 0 1 0.00 14

1 15
1 0 0 0.00
0 1 0 0.00
0 0-1 0.00

2
........

15
0 1 0 0.50
-1 0 0 0.50
0 0 1 0.50

16
------------------ bottom of file ---------------------------

Interpretive comments on this file are as follows.

P all primitive lattices except hexago-
nal (trigonal lattice is also supported)

[a sin(γ), a cos(γ), 0], [0, b, 0], [0, 0, c]

F face-centered [a/2, b/2, 0], [a/2, 0, c/2], [0, b/2, c/2]
B body-centered [a/2, -b/2, c/2],[a/2, b/2, -c/2], [-a/2, b/2, c/2]
CXY c-base-centered (orthorhombic only) [a/2, -b/2, 0], [a/2, b/2, 0], [0, 0, c]
CYZ a-base-centered (orthorhombic only) [a, 0, 0], [0, -b/2, c/2], [0, b/2, c/2]
CXZ b-base-centered (orthorh. and mon-

oclinic [WARNING: monoclinic CXZ
has a bug and MAY give wrong re-
sults!!])

[a sin(γ)/2, a cos(γ)/2, -c/2], [0, b, 0], [a sin(γ)/2, a
cos(γ)/2, c/2]

R rhombohedral [a/
√

3/2, -a/2, c/3],[a/
√

3/2, a/2, c/3],[-a/
√

3, 0, c/3]
H hexagonal [

√
3a/2, -a/2, 0],[0, a, 0],[0, 0, c]

Table 4.4: Lattice type, description and bravais matrix used in WIEN2k

line 1: format (A80)
title (compound)

line 2: format (A4,23X,I3)
lattice type, NAT

lattice type as defined in table 4.4. For definitions of the triclinic lattice see
SRC nn/dirlat.f

NAT number of inequivalent atoms in the unit cell

line 3: format (13X,A4)
mode

RELA fully relativistic core and scalar relativistic valence
NREL non-relativistic calculation

line 4: format (6F10.6)
a, b, c, α, β, γ

a, b, c unit cell parameters (in a.u., 1 a.u. = 0.529177 Å). In face- or body-centered
structures the non-primitive (cubic) lattice constant, for rhombohedral (R) lat-
tices the hexagonal lattice constants must be specified. (The following may help
you to convert between hexagonal and rhombohedral specifications:
ahex = 2cos(π−αrhomb

2
)arhomb

chex = 3
q

a2
rhomb − 1

3
a2

hex
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and (for fcc-like lattices) arhomb = acubic/
√

2
α, β, γ angles between unit axis (if omitted, 90◦ is set as default). Set it only for P and

CXZ lattices

line 5: format (4X,I4,4X,F10.8,3X,F10.8,3X,F10.8)
atom-index, x, y, z

atom-
index

running index for inequivalent atoms

positive in case of cubic symmetry
negative for non-cubic symmetry
this is set automatically using symmetry

x,y,z position of atom in internal units, i.e. as positive fractions of unit cell parame-
ters. (0 ≤ x ≤ 1; the positions in the unit cell are consistent with the convention
used in the International Tables of Crystallography 64. In face- (body-) centered
structures only one of four (two) atoms must be given, eg. in Fm3m position 8c
is specified with 0.25, 0.25, 0.25 and .75, 0.75, 0.75). For R lattice use rhombo-
hedral coordinates. (To convert from hexagonal into rhombohedral coordinates
use the auxiliary program hex2rhomb, which can be found in “Run Programs� Other Goodies” from w2web):

�Xortho = �Xhex

0
@

0 1 0√
3

2
−1
2

0
0 0 1

1
A

�Xrhomb = �Xortho

0
@

1√
3

1√
3

−2√
3

−1 1 0
1 1 1

1
A

line 6: format (15X,I2,17X,I2)
multiplicity, isplit

multiplicity number of equivalent atoms of this kind
isplit this is just an output-option and is used to specify the decomposition of the

lm-like charges into irreducible representations, useful for interpretation in
case.qtl). This parameter is automatically set by symmetry:

0 no split of l-like charge
1 p-z, (p-x, p-y) e.g.:hcp
2 e-g, t-2g of d-electrons e.g.:cubic
3 d-z2, (d-xy,d-x2y2), (d-xz,dyz) e.g.:hcp
4 combining option 1 and 3 e.g.:hcp
5 all d symmetries separate
6 all p symmetries separate
8 combining option 5 and 6
-2 d-z2, d-x2y2, d-xy, (d-xz,d-yz)
88 split lm like charges (for telnes)
99 calculate cross-terms (for telnes)

>>>: line 5 must now be repeated MULT-1 times for the other positions of each equivalent atom according
to the Wyckoff position in the “International Tables of Crystallography”.

line 7: format (A10,5X,I5,5X,F10.8,5X,F10.5,5X,F5.2)
name of atom, NPT, R0, RMT, Z

name of
atom

Use the chemical symbol. Positions 3-10 for further labeling of nonequivalent
atoms (use a number in position 3)

NPT number of radial mesh points (381 gives a good mesh for LDA calculations,
but for GGA twice as many points are recommended; always use an odd number
of mesh points!) the radial mesh is given on a logarithmic scale: r(n) = R0 ∗
e[(n−1)∗DX]

R0 first radial mesh point (typically between 0.0005 and 0.00005)
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RMT atomic sphere radius (muffin-tin radius), can easily be estimated after running
nn (see 6.1) and are set automatically with setrmt lapw see 5.2.6). The follow-
ing guidelines will be given here: Choose spheres as large as possible as this
will save MUCH computer time. But: Use identical radii within a series of cal-
culations (i.e. when you want to compare total energies) — therefore consider
first how close the atoms may possibly come later on (volume or geometry op-
timization); do NOT make the spheres too different (even when the geometry
would permit it), instead use the largest spheres for f-electron atoms, 10-20 %
smaller ones for d-elements and again 10-20 % smaller for sp-elements; H is a
special case, you may choose it much smaller (e.g. 0.6 and 1.2 for H and C) and
systems containing H need a much smaller RKMAX value (3-5) in case.in1.

Z atomic number

line 8-10: format (20X,3F10.7)

ROTLOC local rotation matrix (always in an orthogonal coordinate system). Transforms
the global coordinate system (of the unit cell) into the local at the given atomic
site as required by point group symmetry (see in the INPUT-Section 7.5.3 of
LAPW2). SYMMETRY calculates the point group symmetry and determines
ROTLOC automatically. Note, that a proper ROTLOC is required, if the LM
values generated by SYMMETRY are used. A more detailed description with
several examples is given in the appendix A and sec. 10.3

>>>: lines 5 thru 10 must be repeated for each inequivalent atom
line 11: format (I4)

nsym number of symmetry operations of space group (see International Tables of
Crystallography 64)
If nsym is set to zero, the symmetry operations will be generated automatically
by SYMMETRY.

line 12-14: format (3I2,F10.7)
matrix, tau (as listed in the International Tables of Crystallography 64)

matrix matrix representation of (space group) symmetry operation
tau non-primitive translation vector

line 15: format (I8)
index of symmetry operation specified above

>>>: lines 12 thru 15 must be repeated for all other symmetry operations
(the complete list is contained in sample inputs)

4.4 The “history“ file case.scf

During the self-consistent field (SCF) cycle the essential data are appended to the file case.scf
in order to generate a summary of previous iterations. For an easier retrieval of certain quantities
the essential lines are labeled with :LABEL:, which can be used to monitor these quantities during
self-consistency as explained below. The most important :LABELs are

:ENE total energy (Ry)
:DIS charge distance between last 2 iterations (

R |ρn − ρn−1|dr). Good convergence criteria.
:FER Fermi energy
:FORxx force on atom xx in mRy/bohr (in the local (for each atom) carthesian coordinate system)
:FGLxx force on atom xx in mRy/bohr (in the global coordinate system of the unit cell (in the same

way as the atomic positions are specified))
:DTOxx total difference charge density for atom xx between last 2 iterations


