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HISTORICAL CONTEXT

Wavefunctions are developped on a basis which is…

Localized Delocalized

Spherical harmonics + special functions

Plane waves

All electrons are taken into account

Only valence electrons are taken into account

Norm-conserving Pseudopotentials

Pb: - The atomic basis is
moving with atoms Pb: - Use of pseudos wavefunctions

- Big size of the plane wave basis

nψ
nn ψ~ψ =
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HISTORICAL CONTEXT

Wavefunction: ( ) n
i

niiinn p ψ~ψ~~~ψ~ψ tff =-+= å

Hamiltonian:
nnn SH yey ~~~ =

 

= + -

« The Projector Augmented-Wave method is an extension of augmented wave methods
and the pseudopotential approach, which combine their traditions into a unified electronic
structure method »

Peter Blöchl

PAW

Some atomic quantities are to be known to calculate !", $, %

PAW atomic data (pseudopotentiel)



STRUCTURE OF THE ABINIT CODE
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STRUCTURE OF THE ABINIT CODE

ABINIT is a code that only manipulates the auxiliairy function for valence 

electrons

nψ~

In ABINIT,         is developped either on a wavelet basis or on a plane wave basis.

In the following, we shall tackle only the case of a plane wave basis

nψ~

On a plane wave basis: with G a reciprocal space vector

and          the Fourier transform of 

The sum is truncated so that:                       where Ecut is the cutoff enregy : ecut variable in ABINIT
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nnn SH yey ~~~ =ABINIT solves the Schroedinger equation:

The wavefunction basis
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STRUCTURE OF THE ABINIT CODE 

The electronic density:

States k vectors Plane wavesParallelism over: Spins Atoms
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STRUCURE OF THE ABINIT CODE 

Read input file

Read atomic data 
Initialize and Store some frozen quantities

Initialisations :                , densitieseffn v~,~y

Calculation of energy and forces 

Test

output

Calculation of the new potential effv~

Calculation of the different contributions to the hamiltonian

Self-consistent cycle

iterative diagonalization of the Hamiltonian with overlap
New eigenfunctions and eigen values ny~

Mixing of the densities or of the potentials

ground state calculation
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INPUT VARIABLES: SOME DETAILS

Self-consistent cycle:

- maximal number of cycles: nstep
- exit criterium: toldfe, toldff, tolwf, tolvrs

Mixing: iscf available either on potentials for 2≤ iscf ≤ 7 
or on densities for 12≤ iscf ≤ 17

Example, with a simple mixing: ( ) ( ) ( ) ( )( )
( )
!!! "!!! #$

rresid

PCin
n

out
n
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n
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n

rnrnrnrn -×+=+ a1

Iterative diagonalization of the Hamiltonian:

the convergence of the wavefunctions for a fixed potential is governed by
nnsclo and nline
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INPUT FILE: AN EXAMPLE

# LiH: rocksalt structure
#

# SYSTEM
natom 2
znucl 3 1    
ntypat 2
typat 1 2

#CRISTALLOGRAPHY
acell 3*7.60
rprim 0.0 0.5 0.5

0.5 0.0 0.5
0.5 0.5 0.0

xred 0.00  0.00  0.00
0.50  0.50  0.50

# K-POINTS
ngkpt 1 1 1  istwfk 1
kptopt 1
occopt 7
tsmear 0.005

# CONVERGENCY
nstep 100
toldfe 5.d-10
ecut 10.0 
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NORM-CONSERVING OR PAW CALCULATION ?
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( ) n
i

niiinn p ψ~ψ~~~ψ~ψ tff =-+= å

Advantages of the PAW method:

Ø Total density of the system is computed à no transferability problem 
Ø Plane wave cutoff equivalent to ultra-soft pseudopotentials (no norm-conserving constraint)
Ø The PAW method is as accurate as an all electron method.  Convergency can be controlled.
Ø It can be shown that ultrasoft and norm-conserving methods are  approximations

of the PAW method.

Advantages of the Norm-conserving method:

Ø The development is easier à more features are available
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NORM-CONSERVING OR PAW CALCULATION ?

The choice is made by the atomic data file you choose in the files file:

- If a norm-conserving file is chosen à OK

- If a PAW file is chosen à set the pawecutdg variable

Calculations of the wavefunctions are done on a coarse grid defined by ecut

Some quantities are required both on the coarse grid and inside the spheres.

If only the « coarse » 
FFT grid is used, not 
enough points are in 
PAW spheres

pawecutdg defines a fine grid

« Double FFT » technique is used to transfer densities (potentials) between grids:

)(~)(~)(~)(~ rnGnGnrn fine
FFT

finecoarse
FFT

coarse
!!!!
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NORM-CONSERVING
PSEUDOPOTENTIALS
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NORM-CONSERVING PSEUDOPOTENTIALS

The norm-conserving approximation: nnnPSxcH VVV Y=Y÷
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Atomic files for each element

www.abinit.org/downloads/pseudodojo/pseudodojo

ONCVPSP table



THE PAW DATASETS
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THE PAW ATOMIC DATASETS

The PAW framework:
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Inside circles: atomic data needed

In order to perform a PAW calculation, following atomic data are needed:

{ } { } { } [ ] ccZcH
R
i

R
i

R
i nnnVp ~,,~,~,~, ff

For each atomic element

All electron
partial waves

Pseudized soft
partial waves

Hartree potential due to nucleus
and core electrons (local pot.)

Core density

Pseudized
core density

Projectors (dual of       )Rif
~

THE PAW ATOMIC DATASETS
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THE PAW ATOMIC DATASETS

Generation process

1- Solve "exactly" the atomic problem (for the given LDA/GGA functional)

2- Transform some quantities into smooth ones ("pseudization")

3- Build the partial wave basis and projectors

Independent of ABINIT (initiated by N. Holzwarth from Wake Forest University)
Automatically download and installed by ABINIT build system
http://users.wfu.edu/natalie/papers/pwpaw/man.html
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THE PAW ATOMIC DATASETS

Approximations can be controlled

Frozen-core approximation: adding more semicore states

Size of PW basis: choosing the radius of spheres, the pseudization scheme

Size of partial waves basis: adding more basis elements

Efficiency can be controlled

Plane wave basis:
Adjusting the radius of spheres, choosing a « soft » pseudization scheme

Partial waves basis:

Reducing the number of basis elements by choosing them judiciously

With PAW datasets…

Ö Good atomic data are always a compromise between accuracy and efficiency
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THE PAW DATASETS

JTH table : from ABINIT website – http://www.abinit.org/downloads/PAW2

F. Jollet, M. Torrent and N. Holzwarth, Computer Physics Communications, 185 (2014) 1246-1254



VALIDATION OF ATOMIC DATA
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Error estimation: the delta factor

« Error estimates for solid-state density-functional theory predictions: an overview 
by means of the ground-state elemental crystals »,
by K. Lejaeghere, V. Van Speybroeck, G. Van Oost and S. Cottenier
submitted to Critical Reviews in Solid State and Materials Sciences,
39 (1), (2014) 1-24

The Delta parameter:

With the delta calculation package, CIF files for 71 elements are available.
Ø 71 input files are generated (python script)
Ø 6750/N kpoints for a N atoms unit cell
Ø 7 calculations with volumes from 0.94         to 1.06 
Ø V0, B0, B’0 are deduced from the E(V) curve
Ø The delta factor is calculated comparing the two codes

refV0refV0
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Error estimation: the delta factor
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Error estimation: the delta factor
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https://molmod.ugent.be/deltacodesdft

Error estimation: the delta factor
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Comments about the D factor

The D factor is a good tool to benchmark codes and pseudopotentials

However, it supposes:
- The reference all-electron calculation is well done
- References are calculated for lanthanides and actinides
- Some compounds are added (oxydes,…)
- It is given together with a cut-off energy (for plane waves)

The D factor is very sensitive to the values of V0, B and B’ for some elements and not for others. 
For instance:

-For Cs:  DV0=0.76% leads to  DCs=0.39 meV
-For Os: DV0=0.76% leads to  DOs=9.14 meV

(a) High B element   (b)Low B element

0.57 GPa (Ar) < B < 401 GPa (Os)
7.2 Bohr3(B) <V< 117.7 Bohr3(Cs)

D1 factor        renormalized D factor D=D
AEAE

refref

BV
BV

1

For all elements:
Bref is set to 100 GPa
Vref is set to 30 Bohr3

F. Jollet, M. Torrent and N. Holzwarth, Computer Physics Communications, 185 (2014) 1246-1254
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The GBRV suite

K. F. Garrity, J. W. Bennett, K.M. Rabe and D. Vanderbilt, Comput. Mater. Sci. 81, 446 (2014)
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The GBRV suite



ABINIT School,  January 22, 2019|  PAGE 29

HOW TO GENERATE ATOMIC DATASETS

Follow the tutorial!
Delivered with ABINIT package



Commissariat à l’énergie atomique et aux énergies alternatives

Etablissement public à caractère industriel et commercial | RCS Paris B 775 685 019


