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This program package calculates COHP from
self-consistent TB-LMTO-ASA potentials and wave
functions. It includes all standard TB-LMTO-ASA
programsbut someof them have beemmodified andthree
new programs added:

Imincohp.run to generate the "COHP" input file

Imcohp.run to perform the COHP calculation

gnucohp.run to generatethe commandand data
files suitable for Gnuplot.

Few options have been added to the original package.

(last update: october 1997)

| - New options
Category OPTIONS

11. Token CHARGE-= of castlogical (usedby Im.run and
Imbnd.run)

The chargedensity can be calculatedeither from the
full BZ (with Im.run) or with only one (or few) k point(s)
(with Imbnd.run). If the latter optionis chosenthe k points
usedin the calculationsare thosedefinedin the category
SYML. For NQ=1 the point Q1 is used.All the optionsin
the category PLOT are still valid with Imbnd.run. The
option CHARWIN=T canbe usednow to look the character
of somebandsabovethe Fermilevel (with Imbnd.runonly).
In the caseof chargecalculationswith Imbnd.run, the files
BNDS and EIGN are not overwritten.

18. Token COHP= of cast logical (usedlbyrun only)

T: Informationsfor COHP calculations(classof atoms
for the different bonds)are readfrom the file "COHP" by
Im.run andthe dataneededfor COHP calculations(on site
overlap matrix, off-diagonal Hamiltonian matrix and eigen
vectors) are written on disk after the diagonalisation
procedure. These data are saved in the files "COVL",
"CHAM" and"CVEC", respectivelyTheycorrespondo the
B representatiofthatis, afterdownfolding (O.K. Andersen,
Z. Pawlowska,and O. Jepsen,Phys. Rev. B 34, 5253
(1986))).

19. Token RMES=of castlogical (usedby Imbnd.run with
FATBAND=T andlmctl.run with WRIBAS=T)

T: Imposesimbnd.run to disregardall empty spheres
when writing the EIGN file for the fat bands.This option
savesdisk space.When usedwith WRIBAS=T, Imctl.run
doesn’t write the ES positions in the "cstruc" file.

20 - 21. Token BEGBND and ENDBND= of castinteger
(used bym.run with FS=T)

For the generatiorof files by Im.run for Fermi surface
plot. Only the bandsbetweenBEGBND and ENDBND are
selected.This option savesdisk space.n the defaultmode
(BEGBND=0 and ENDBND=0) all the bands are used.

Category PLOT

7. Token FORMAT=o0f cast integer

Output files (with extension ".xsgi") suitable for
IrisExplorer are produced with FORMAT=4. Several
IrisExplorermaps(Rho, ELF, RhoandELF, Ball andStick,
Fermi Surface)have beerincludedin the LMTO package,
in the directory IrisExplorer.

Category CHARGE

8. Token UNOCCUP= of cast logical (usedlbyrun)

The characteiof somebandsabovethe Fermilevel can
be obtainedfrom a full BZ integration using the option
UNOCCUP-=T.In this case,the energyrangeof interestis
defined with the otpion CHARWIN=T and with the two
values EMIN and EMAX.

Category COHP

1. Token ONLY_H= of cast logical (used byicohp.run)

T: Only thereal spaceHamiltonianmatrix is calculated
and no COHP calculationis done.This option canbe used
to calculate only the Slater-Koster TB parameters.

2. Token f(N(E))= of cast logical (used byicohp.run)

F: COHP is calculated as a function of energy

T: COHPIis calculatedas a function of the numberof
states.ICOHP(N) is obtainedat meshpointsthroughcubic



spline interpolation and COHP(N) is calculated by
numerical derivation of ICOHP(N).

3. TokenWGAUSS=of castinteger(usedby Imcohp.run if
f(N(E))=T)

Before the numerical derivation of ICOHP(N), a
Gaussiarfilter is applied. WGAUSS definesthe width (in
point unit) of the Gaussianfunction used to smooth
ICOHP(N): Gauss(WGAUSS+13 104, If WGAUSS=0,no
filter is applied.

4. Token CLASS1, CLASS2= of cast integer (used by
Imincohp.run)

The classof the sourceatomsandof the targetatomsto
select particular bonds.

5. Token DIMIN, DIMAX=
Imincohp.run)

The distanceinterval (given in atomic unit) to search
the bondsbetweenthe atomsof CLASS1 andthe atomsof
CLASS2. Several lines with tokens 4 and 5 can be used.

of cast double (used by

gnudos.run

Now it is possibleto plot both the DOS and IDOS
curves on the sameplot. For this, at least the latest 3.5
version of gnuplot hasto be used (beta version pre 3.6).
Specific optionsof this gnuplotversionarealsousedby the
other gnu interfaces.Beta 3.5 versionsare available on
ftp://cmpcl.phys.soton.ac.ukihd the gnuplot 3.5 beta 315
is included in the package in the directory Gnuplot.

Il - Running the TB-LM TO-ASA-COHP programs

In the following sections,it is assumedthat the full
self-consistentalculationshavealreadybeenperformed.n
order to work with the minimall basis set, one should
downfold all the LMTO of the empty spheres.

Step 1 - Generation of the" COHP" file

The "COHP" ASCII file containsall the parameters
necessaryo definethe bonds(to be describedbelow). It is
usedby the programsim.run and Imcohp.run. The file is
automatically generated by the program Imincohp.run
accordingto the CTRL file parameterg§seenew category
COHP,token4 andb5). After its creation,it canbe editedto
supresssomebonds(equivalentbondsfor instance).If the
logical IACTIV=T, a possibility to write/not write bond
informationsin the "COHP"file is proposedy the program
Imincohp.run. An exampleof a "COHP" file is given at the
end of this documentThe bondlengthis reportedin atomic
unit and in Angstrom. The positions of the sourceatoms
correspondo the positionsIBAS1 in the "CTRL" file and
the positionsof the targetatomsare obtainedby applying

the  given  primitive unit  cell translations
(TRANSLATIONS=) to the positionsIBAS2 of the"CTRL"

file. The bonddirectionsare indicatedby VECTOR (given

in units of ALAT and in Cartesian coordinates). The

informationin the field ORBITALS= is written accordingto

the downfolding indices of each atom class. Only the
orbitals with IDXDN=1 are kept.

Step 2 - Generation of datafor COHP calculations

The program Imrun has to be run with the option
COHP=T. Only the values IBAS1 and IBAS2 in the
"COHP" file are usedto savethe relevantdata on disk
(Hamiltonianmatrix, overlapmatrix and eigenvectors).At
leastone"bndasa'calculationis neededo saveall expected
values.

Step 3- COHP calculations

The program Imcohp.run is run with the option
ONLY_H=F to calculate the COHP or the option
ONLY_H=T to calculatethe real spaceHamiltonianmatrix
only. In the tetrahedrorintegrationmethodusedfor COHP
calculation, the energy range and energy mesh points
definedin the DOS categoryare used.The local Cartesian
coordinatesystemcanbe changedor eachatom. Rotations
can be given with angles (EULANG=.true.) or a new
orientationcan be given by meansof a new z-axis and an
axis to define the new yz-plane (of course,this last vector
shouldnot be parallelto z). Normalizationis notrequired.In
the latter case, EULANG is setto .false.andthe valuesof
"EULER ANGLES=" are ignored. One has also the
possibility to treat all orbitals listed under the bond
description, or to make any linear combination of the
orbitals for eitherthe sourceatomsor the targetatoms,or
both. A typical COHP file whereone is interestedin the
bonding betweentwo sp3 hybrid orbitals in the diamond
structure would be:

SOURCE:

ALL= .fal se. EULANG= . true.
EULER ANGLES= 0. 000000 0. 000000 0. 000000
ZAXI S= 0. 000000 0. 000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=

+ 1 ( s) * COEF.= 1

+ 2 ( py) * COEF.=1

+ 3 pz) * COEF.= 1

+ 4 ( px) * COEF.=1

TARCET:

ALL= .fal se. EULANG= . true.
EULER ANGLES= 0. 000000 0. 000000 0. 000000
ZAXI S= 0. 000000 0. 000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=

+ 1 ( s) * COEF.= -1

+ 2 ( py) * COEF.= 1

+ 3 pz) * CCEF.= 1

+ 4 ( px) * COEF.= 1



Normalizationof the hybrid orbitalsis notrequired.The
sign of the coefficientsdependsupon the direction of the
bond and upon the sign of/A in the "CTRL" file.

Step 4 - COHP plotting

The program Imcohp.run generatesan ASCII file
("COPL" file) which can be usedby gnucohp.run. In the
first lines of the file are stored:

1: the x-scale:ESCALE for energywith f(N(E))=F or
NSCALE for number of states with f(N(E))=T

2: the numberof COHPs,numberof spins,numberof
points, min/max for thex-axis, position of the Fermi level

3 - ncohp+2: the COHP labels

The dataarepresentedn columnformatwith, for each
point, the x-scalevalue andthenthe COHP and ICOHP in
the folowing way:
((cohp(np,i,ns),icohp(np,i,ns), i = 1,ncohp), ns = 1,nspin)
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Example of " COHP" file

NUMBER OF coHPs=
If ALL is .true., all the orbitals will be i
the hybrid orbital defined with COEF. will
normal i zation is done autonmatically
Eul er angles are used to change the |oca
They are given in unit of Pl (Pl -> 1.0).
the new systemis defined with two axes

2

| f

ncl uded el se

be used. The

coordi nate system

EULANG i s fal se

COHP= 1
Bond between Fel and O : 4.09999 a.u. -> 2.16962 Angstr
TITLE=Fe_1/0 3_tr(-1,0,0) 2.169 Ang
SOURCE: ATOVFFel [|1BAS1= 1
TARGET: ATOVEO | BAS2= 3 TRANSLATIONS= -1 0 O
VECTOR= -. 50000 . 00000 . 00000
SOURCE:
ALL= .true. EULANG= .true
EULER ANGLES= 0. 000000 0. 000000 0.000000
ZAXI S= 0. 000000 0.000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=
+ 5 dxy) * COEF.= 1.000000
+ 6 dyz) * COEF.= 1.000000
+ 7 d3z~2-1) * COEF.= 1.000000
+ 8 dxz) * COEF.= 1.000000
+ 9 dx~2-yn2) * CCEF.= 1.000000
TARGET:
ALL= .true. EULANG= .true
EULER ANGLES= 0. 000000 0. 000000 0.000000
ZAXI S= 0. 000000 0.000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=
+ 1 s) * CCEF.= 1.000000
+ 2 py) * COEF.= 1.000000
+ 3 pz) * COEF.= 1.000000
+ 4 px) * COEF.= 1.000000
COHP= 2
Bond between Fel and O : 4.09999 a.u. -> 2.16962 Angstr
SOURCE: ATOVFFel |1BAS1= 1
TARGET: ATOVEO | BAS2= 3 TRANSLATIONS= 0 -1 O
VECTOR= . 00000 -. 50000 . 00000
TI TLE=Fe_1/0 3_tr(0,-1,0) 2.169 Ang
SOURCE:
ALL= .true. EULANG= . true.
EULER ANGLES= 0. 000000 0. 000000 0.000000
ZAXI S= 0. 000000 0.000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=
+ 5 dxy) * COEF.= 1.000000
+ 6 dyz) * COEF.= 1.000000
+ 7 d3z~2-1) * COEF.= 1.000000
+ 8 dxz) * COEF.= 1.000000
+ 9 dx~2-y”2) * CCEF.= 1.000000
TARGET:
ALL= .true. EULANG= .true
EULER ANGLES= 0. 000000 0. 000000 0.000000
ZAXI S= 0. 000000 0.000000 1.000000
YAXI S= 0. 000000 1.000000 0.000000
ORBI TAL=
+ 1 s) * CCEF.= 1.000000
+ 2 py) * COEF.= 1.000000
+ 3 pz) * COEF.= 1.000000
+ 4 px) * COEF.= 1.000000

END



