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Outline of this talk: LDA — GGA — MGGA

Short reminder of the static DFT:

From Local density approximation (LDA) ...
through Generalized gradient approximation (GGA) ...
to meta-GGA (MGGA);

Time-dependent density functional theory (TDDFT);

Adiabatic TDDFT (ATDDFT) of optical response:
LDA and GGA fail, MGGA succeeds;

Results and discussion.



Short reminder of static DFT
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Hierarchy of approximations in static DFT

Electron density Wa( )2
acoce

e LDA : E,. Egeln : local;

e GGA E,.= /szc no(r), Vno(r)]dr : semi-local;

e MGGA: E,. = /smc[no(r),Vno(r),r(r)]dr : non-local.
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is the density of kinetic energy.



Time-dependent linear response (RPA)
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- Lindhard’s independent-particles response function.



DF of semiconductors from static DFT (LDA RPA)

— LDA RPA — LDA RPA
40 | == experiment 30 b = exp.
Ge
30 Si
20
9] v
g g
=20 =
10
10
0 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Fig.1: Dielectric function of crystalline Si and Ge (LDA RPA).



DF of semiconductors from static DFT (MGGA RPA)
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Fig.2: Dielectric function of crystalline Si and Ge (MGGA RPA).

The best what can be achieved with RPA (f,. = 0)!



Time-dependent density functional theory (TDDFT)

TD Kohn-Sham equations:

’i%wa(ht) = [—%A + veff(r,t)] a(r,t), 7)

In varience with RPA .



Time-dependent linear response (TDDFT)

n(r,t) = no(r) +ni(r,t) + ..., (9)
n(r.l) = / @t — Yo (e, )drdt. (10)

Interacting particles response function (unknown).

nl(r,t)=/xs(r,r',t—t')veff(r',t’)dr'dt', (11)

Lindhard’s independent particles response function of Eq. (6).



The concept of the exchange-correlation kernel f,..
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meta-GGA-based TDDFT
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And sorry for the upcoming Eq. (15) ...



meta-GGA-based TDDFT
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which is the ‘exact’ adiabatic MGGA f..



Ultra-nonlocality of f,. in optical limit
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Details of calculations

The EIK FPLAPW Code hitpielic sourcoforge.net/

The Elk FP-LAPW Code
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Fig.3: The EIk FP-LAPW code (http://elk.sourceforge.net)
was used with our implementation of meta-GGA.


http://elk.sourceforge.net

DF of semiconductors from the MGGA-based TDDFT
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Fig.4: Dielectric function of crystalline silicon and germanium from
MGGA TDDFT, (Nazarov & Vignale, 2011).



DF of semiconductors from the MGGA-based TDDFT
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Fig.5: Dielectric function of zincblende semiconductors GaAs, GaP,
and InAs, (Nazarov & Vignale, 2011).



Conclusions

e We have developed the adiabatic kinetic energy dependent
(MGGA) TDDFT;

e Contrary to LDA and GGA, MGGA xc kernel f,. exhibits the
singularity of the type a/¢?, which is important to describe
the excitonic effect in crystals;

e Qur calculations for a number of the diamond-structure and
zincblende semiconductors demonstrate the high promise
of the MGGA-based xc functionals as a new tool in the ar-
senal of TDDFT methods.
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