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Abstract
The structures and band-gap energies of ZnO and ZnO with intrinsic point defects were studied by
means of the Density-Functional Theory (DFT) with the norm-conserving plane-wave function
implemented in CPMD program. PBE and BLYP versions of the pseudopotential with semi-core
states and nonlinear core correction were used to simulate Zn and impurity metal ions (C02+, Mn’
and Ni2+). The optimized structure of ZnO had the symmetry of C, with the cell parameters a=b =
3.25 A and ¢ = 5.20 A. The substitutional defects at Zn occupation site with the impurity ions
yielded the slight increase in the lattice parameters. The calculated band gap energy for bulk ZnO

(E,, ) was 3.90 eV. The oxygen vacancy and substitutional defects by doping Co’” or Ni"’

2,Zn0

. 2+
- Eg,,Co > Eg”Ni> E ), while Mn

g,.vacan

conducted the decrease in band-gap energy of ZnO (Eg)ZnO
substitution tended to increase the band-gap energy. These are in agreement with the experimental
results and the previous calculations. A molecular dynamics technique has been used to study the

behavior of oxygen vacancy. It was found that oxygen vacancy started to migrate when the

temperature was above 1000 °C.
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a.u. = atomic unit

BLYP = Wandu exchange coordination U84 Becke-Lee-Yang-Parr
PBE = Wandu exchange coordination U84 Perdew-Burke-Ernzerhof
CPMD = Car-Parrinello Molecular Dynamics

DFT = Density-Functional Theory

DOS = Density of state

eV = electron volt

h = Plank’s constant 1 6.62 x 10~ Js

HOMO = Highest Occupied Molecular Orbital

ICSD = Inorganic Crystal Structure Database

LDA = Local Density Approximation

LUMO = Lowest Unoccupied Molecular Orbital

Ryd. = Rydberg

SCF = Self Consistent Field

Re,on = 52829100

A = Angstroms

b d = wavefunction

W = Trial wavefunction

q = Hamiltonian operator

T = kinetic energy operator

14 = potential energy operator

P = electron density
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A28, Bohr ap = 4mey/mee? 5292x10"'m

WA, Hartree E, = i?/mga3 4359x10 "1






