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MotivationMotivation

HowHow to to calculatecalculate thethe bulkbulk propertiesproperties of a of a systemsystem

→→ optimizeoptimize cutoffcutoff energyenergy and and kk--pointpoint meshmesh
HowHow to to influenceinfluence thethe convergenceconvergence speedspeed & & 
accuracyaccuracy and and thethe memorymemory demanddemand

→→ useuse different different electronicelectronic minimizationminimization
schemesschemes
HowHow to to influenceinfluence thethe accuracyaccuracy of a of a calculationcalculation

→→ useuse of LDA and GGA of LDA and GGA functionalfunctional



Tasks of session E2:Tasks of session E2:
Theoretical lattice constantTheoretical lattice constant

Example calculation for Example calculation for 
GaAsGaAs with with aLataLat =10.68 =10.68 
Bohr Bohr 
Calculations for 9.6 Calculations for 9.6 –– 11.6   11.6   
Bohr, Bohr, MurnaghanMurnaghan FitFit

Convergence test for                 Convergence test for                 
EcutEcut = 6= 6--35 35 RyRy and LDA/PBEand LDA/PBE

For theoretical lattice For theoretical lattice 
constantconstant
For several lattice For several lattice 
constants, constants, MurnghanMurnghan fit  fit  

Convergence for kConvergence for k--point point 
sampling  for LDA and PBEsampling  for LDA and PBE

At theoretical lattice At theoretical lattice 
constant and for best constant and for best 
cutoff valuecutoff value

Electronic minimization Electronic minimization 
schemesschemes

Steepest DescentSteepest Descent
WilliamsWilliams--SolerSoler algorithmalgorithm
Damped Damped JoannopoulosJoannopoulos
AllAll--statestate--conjugateconjugate--
gradientgradient
StateState--byby--statestate--conjugateconjugate--
gradientgradient

Initialization of trial wave Initialization of trial wave 
functions and charge densityfunctions and charge density

LCAO LCAO -- AnsatzAnsatz
Random numbersRandom numbers



SFHIngXSFHIngX
-- ProgramProgram PackagePackage ––

ANALYZE GEOMETRY

COMPUTE Ψ0 

UPDATE H, ρ, Ψ
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Structure Relaxation Molecular Dynamics
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Set up of Set up of calculationcalculation
-- thethe inputinput filefile --

The geometry The geometry 
TheThe latticelattice constantconstant
TheThe structurestructure
TheThe speciesspecies

TheThe BasisBasis
TheThe cutoffcutoff energyenergy
TheThe kk--pointpoint setset

TheThe HamiltonianHamiltonian
TheThe exchangeexchange--correlationcorrelation functionalfunctional

TheThe trialtrial wavewave functionsfunctions and and thethe initialinitial chargecharge densitydensity
TheThe mainmain looploop

Different Different minimizationminimization schemesschemes



The Crystal Structure of The Crystal Structure of GaAsGaAs

Structure = Lattice + BasisStructure = Lattice + Basis
ZincblendZincblend crystal structurecrystal structure
Two interpenetrating Two interpenetrating 
fccfcc lattices with 2lattices with 2--atom atom 
basisbasis
2nd 2nd fccfcc displaced by (¼ ¼ displaced by (¼ ¼ 
¼) along body diagonal¼) along body diagonal
IIIIII--IV semiconductorIV semiconductor
8 atoms per cubic cell in 8 atoms per cubic cell in 
conventional cell :conventional cell :
(0,0,0), (0, ½, ½ ), ((0,0,0), (0, ½, ½ ), (½½, 0, ½ , 0, ½ 
), (), (½½, ½, 0), , ½, 0), 
((¼¼/, ¼, ¼ ), (/, ¼, ¼ ), (¼¼, ¾, ¾ ), (, ¾, ¾ ), (¾¾, , 
¼, ¾ ), (¼, ¾ ), (¾¾, ¾, ¼  ) , ¾, ¼  ) 



PerformingPerforming a a calculationcalculation
-- thethe StructureStructure and Basis of GaAs and Basis of GaAs --

TheThe headerheader

TheThe latticelattice constantconstant
TheThe pseudopotentials pseudopotentials 

zinczinc blende blende crystalcrystal
structurestructure
fccfcc Bravais Bravais latticelattice
Ga: Ga: [[0, 0, 00, 0, 0]]
As : As : [[¼¼, , ¼¼, , ¼¼]]

pwpw basisbasis
kk--pointpoint setset

format format sfhingxsfhingx;;

include <parameters.include <parameters.sxsx>;>;

aLataLat = 10.68;= 10.68;

species_1 = <species/species_1 = <species/gaga--ldalda--ham.ham.sxsx>;>;

species_2 = <species/asspecies_2 = <species/as--ldalda--ham.ham.sxsx>;>;

structure  {structure  {

include <structures/include <structures/zincblendzincblend..sxsx>;>;

}}

basis  {basis  {

eCut      eCut      = 8 ;  // = 8 ;  // RyRy

kPointkPoint {{coordscoords = [1/2, 1/2, 1/2]; = [1/2, 1/2, 1/2]; 

weight = 1; relative;}weight = 1; relative;}

folding   = [4, 4, 4];folding   = [4, 4, 4];

}}



PerformingPerforming a a calculationcalculation

ExchangeExchange--correlationcorrelation: : 
LDALDA

InitializationInitialization of of ΨΨ: : 
LCAOLCAO

InitializationInitialization of of ρρ: : 
atomicatomic orbitalsorbitals

Electronic Electronic 
minimizationminimization

Hamiltonian  {Hamiltonian  {

ekt        ekt        = 0;= 0;

xc         xc         = LDA;= LDA;

}}

initialGuess  initialGuess  {{

waves {waves {lcaolcao{{maxItmaxIt=1;=1;rhoMixingrhoMixing=0.05;}}=0.05;}}

rhorho {{atomicOrbitalsatomicOrbitals;};}

}}

main  {main  {

CCG  {CCG  {

maxSteps      maxSteps      = 50;= 50;

dEnergy       dEnergy       = 1e= 1e--06;  // 06;  // HartreeHartree

printSteps    printSteps    = 5;= 5;

}}

}}



PerformingPerforming a a calculationcalculation
-- thethe outputoutput filesfiles --

Complete output fileComplete output file

Total energy Total energy 

OneOne--particle energiesparticle energies

pwpw coefficients,coefficients,
eigenspectrumeigenspectrum, , 
occupation numbersoccupation numbers

Electronic charge densityElectronic charge density

input.input.sxsx

sfhingx.logsfhingx.log

waves.waves.sxbsxb

epseps..datdat

energy.energy.datdat

rho.sxbrho.sxb



Determination of Determination of 
TheoreticalTheoretical LatticeLattice constantconstant

ComputeCompute a a seriesseries of of 
EEtottot forfor severalseveral latticelattice
constantsconstants

MurnaghanMurnaghan EquationEquation
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ConvergenceConvergence test test forfor cutoffcutoff energyenergy
for GaAs (LDA)for GaAs (LDA)

aLataLat=10.42 =10.42 
Bohr, LDABohr, LDA
4x4x44x4x4 meshmesh

003030

0.0010.0012626

0.0070.0071616

0.040.041010

0.070.0788

∆∆E [%]E [%]eCut eCut [[RyRy]]



Convergence tests for Convergence tests for GaAsGaAs bulkbulk

74.874.810.6810.68Exp. Exp. [1][1]

72.7972.7910.4610.462020

72.5472.5410.4610.461616

71.0371.0310.4610.461010

73.2273.2210.4410.4488

80.5080.5010.4010.4066

BB00 ((GPaGPa))aa00 (Bohr)(Bohr)EEcutcut ((RydRyd))

LDA, 4x4x4 mesh
CCG minimizer
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[1]Handbook of Chemistry and Physics, ed. By David R. Lide, 76th edition, 
1995-1996, CRC Press, Inc. (1996) 



The kThe k--point mesh for point mesh for GaAs GaAs 
-- (LDA, (LDA, eCuteCut=10 =10 RyRy) ) --
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MinimizationMinimization MethodsMethods

Iterative Diagonalization

•Steepest Descent 

•Williams-Soler

•Damped
Joannopoulos

Direct Set Methods Conjugate Gradient 
Approach

•All-state conjugate gradient

•State-by-state conjugate
gradient
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