Summary of PAW calculation method

Given the PAW transformation for a valence wavefunction:
o (r) = Wu(r) + > (¢0(r —R*) — $2(r — RY) ) (pf100),
it 1s also possible to evaluate the valence electron energy of the system in the form:

Egrﬂage = Eiot + Z ( g::t o ?ﬂt)
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The smooth contributions are given by
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For the Bloch wavefunction W, (r), with an occupancy of o,k the smooth density is given by

The one-center terms are given by
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3 PAW Hamiltonian

In terms of these basis functions, the generalized eigenvalue equation for the PAW formalism can
be written

HPAW (1) 0 (r)) = EO[Wp(r)). (36)
HPAW = A (r) + 3 50 ((0F |H"|05) — (GF1H*|65) ) (5] = H(x) + 3 [52) D 5.
aij atj

The overlap term is given by

=1+ 3 15 ((60102) — (82162 (5.
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Calculating forces on atoms at fixed unit cell volume

The force on an atom a at the site R® 1s given by
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The first contribution depends on the Fourier transform of the atom-centered compensation and
coretall charges and the second contribution depends on the Fourier transform of the atom centered
local potential (Eq. [3]-14). The third term represents the effects of the coretail densities in the
exchange-correlation interaction. The last term of the force equation involves a weighted projected
occupation coefficient which we define according to

U;; = Z On_kE.nk<lifnk‘ﬁgb> @?‘ﬁfnk)_ (74)
nk

The gradient with respect to the atomic position of both IV“’ and U 2 depends on the gradient

of the matrix elements (VRya[p] |1If.nk) which can be conv e111e11t.l}- e\-aluated in Fourier space using



Optimization of the full crystal structure including variation in unit cell




Optimization of the full crystal structure including variation in unit cell
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Example of structural optimization studies
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Fig. 13. Equation of state for silicon, calculated by Yin and Cohen [99] for seven crystal structures. The slope of the
dashed line gives the critical pressure for transformation from the diamond to the S-tin structure.

Yin and Cohen, PRB 26 5668 (1982)



Electronic structure of Si




Calculation of optical properties
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FIG. 8. Calculated optical absorption spectrum of Si with (solid
lines) and without (dashed lines) electron-hole interaction, using
three valence bands, six conduction bands, 500 Kk points in the BZ,

and an artificial broadening of 0.15 eV. Experimental data are taken

from Ref. 34 (O) and Ref. 35 (@).
From: M. Rohfling and S. G. Louie, PRB 62 4927-4944 (2000)
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