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Theoretlcal tools:
@ DFT Density-Functional ’I‘lmleory‘3

—. LDA Local—Density Approximation.

o MBPT Ma.ny—Body Pelturbatmn Theory.

. CP Calj-Parrmello method

Ac'é‘é'ss{ible Properties:

_._DEI:I:LDA._Electxomc_ground-state properties.
e Electron-density distribution.

e Microscopic atomic geometries.

o—Cohesive energy- ~
¢ Structural phase transitions.

@ CP: Dynamical properties.

¢ Liquid and amorphous semiconductors.

—— —e&-Clusters: —
~ o Impurities. ==

e Surfaces.

o ---

. LRT: Electronic response to static perturba.tlons
--o Phonon dispersions.—- - T e e
e Elastic properties.
e Dielectric constants.
o Piezoelectric properties.
Qo +--

@® MBPT: Electronic excited-state properties.
e _FKlectron and hole quasi-particle bands.

e Optical properties.
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summing the individual band charge densities
(3) gtnt(r) = z Qn(r) >

In fig. 6, the individual charge densities for the four valence bands of 3i
(spin-orbit interactions are ignored) are given. Figure 7 contains the total
charge density and a comparison with the subsequent analysis based on the
measured density obtained using X-ray scattering. The agreement is excellent,
and these plots illustrate the pile-up of charge in the covalent bond of Si.

Fig. 8. — Total calculated valence charge density for @) Ge, b} Gads and c¢) ZnSe.
The contours are in units of ¢/{2,, where 2, is the unit-cell volume.
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APPLICATIONS OF THE FERMI ATOMIC PSEUDOPOTENTIAL ETC. 29

energy, which is evaluated by using Ewald-type summations. Explicit forms
for these terms are given in ref. [28]

The total energy must be calenlated very precisely if it is to be used to
compute structural and vibrational properties. An estimate of the preeision
requirements for the total energy are 0.01 Ryd-atom-! for the cohesive energy,
0.001 Ryd-atom~! for the lattice constant or bulk moduli and 0.0001 Ryd - atom™*
for phonon frequencies. These requirements can be satisfied using psendo-
potentials. Omne advantage of this method is the fact that the energies of core
eleetrons which are of the order of — 10 Ryd-atom~* are not carried along
and then subtraeted out in structural calculations. In the pseudopotential
model when the core and valenee electrons are far apart, the crystal energy
is approximately — 10 Ryd-atom™.

In fig. 12, the total energy E(v) for Si is given as a function of volume
(or lattice constant) assuming seven different crystal structures. The diamond
structure lies lowest in energy. The minimum volnme and curvature of E(v)
pear the minimum determine the lattice constant and bulk modulus for each
structure. The cohesive energy can be evalunated by comparing the energy for
the solid at the volume corresponding to the E{r) minimum and at a volume
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Fig. 12. — Total-energy curves for various assumed erystal structures of §i as a fune-
tion of volume normalized .to the observed volume. The dashed line is the common
tangent between the diamond and white-tin phases.




TABLE L. Equilibrium lattice parameteg (a, [a.u.]) used in the preseat caleulations, and
calculated Born effective chazges (Z'). and static dielectric constants (€sc)-

Si Ge GaAs AlAs GaSb AlSh

a 1020  10.60 10.60;  10.60s  11.40  11.51 "'W %
(10.26) (10.68) (10.68)  (10.69)  (11.49) (11.38)

0Dy (D) Gony Glm s (518)
(- - 2.07 1 1. 1 Z
€w  13.6 18.7 12.3 9.2 18.1 12.2 ~ 191,;
T (121)  (16.5)  (10.9) (8.2) (14.4)  (10.2)
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Figure 1. Calculated phonon dispersions and density of states of elemental semiconductors, Si and
Ge. Experimental data are denoted by diamonds (irom Reis. 23 and 29).
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How does one do in practice?

Guess {R}

I

Guess Vi, ({R}; )

‘7

!

-

| # (—A + Vin (r))’t/ln(r) = €xn (r) —

:

Z'n |¢n(r)|29(eF‘ — €n)
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L
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Calculate Properties

Operation Count: $3$ ~ Ng x Nz-t x $¢



pr O A SRS - LT LELRY

e

Toe Prave- Wape Pse 0 DOPETTENTIAL

\O\AA..Q Po'{‘ %\L\"oe-( \lﬂ'v\"\l.«
- OM lj va leuce stateg

e ;\/Lie PLAME .WﬂVES._"‘O.e«r&?MJ |
WA Vel o

+h (v) = 2 eA'Q-?'Ch (q)
a

B
w2 o e .



Diagonalizing the Hamiltonian

Factorization Methods

e Operation count: $8$ oc NG, + BN.NE
0 Nef o Na.t

o Ng « Volume o< Ng;
o $8% oc N2,

Ite_ratiire Méth_ods
Guess {c, }
T
4' Calculate Residuals: r, = (H — €p)cn

+
Is r, small ? Vel

l NEC Stop

Optionally precondition the residuals: r,=Hy Lrn
¥
4 : ,
Orthonormalize {cn, 77, }

v

= _ ( (ealHlcn) (cn|H]|rn)
"= ((T;Ichn) (THHITL))

l
4 Update {cn}

Diagonailize

.' Opera.tlon Count: |
$$$ ~ IV;¢ (aNezNGQogNG)+ BNZNg) o N,
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