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Outline of this talk: LDA — GGA — MGGA

o Static DFT: From Local Density Approximation (LDA) ...
through Generalized Gradient Approximation (GGA) ...

to Meta-GGA (MGGA);

o Adiabatic TDDFT of optical response: LDA and GGA fail,
MGGA succeeds;

¢ Results and discussion.



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.

where

:% Z |V (r)?

acoce

is the density of kinetic energy.



Time-dependent linear response (RPA)

n(r,t) = no(r) + nyi(r,t) + ... (1)

na(r, ) = / (0,1t — g (2, ) A, (2)

/
RPA: veff(r,t):vext(r,t)+/n0(r7t)

/
g dr’. (3)

i) = 3 @ ) @

- Lindhard’s independent-particles response function.



DF of semiconductors from static DFT (LDA RPA)
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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 achievable with RPA (f,. = 0)!



Time-dependent density functional theory (TDDFT)

TD Kohn-Sham equations:

’i%wa(ht) = [—%A + veff(r,t)] a(r,t), (5)

In varience with RPA .



Time-dependent linear response (TDDFT)

net) = mofe) +ma(e6) & %
n(r.l) = / @t — Yo (), ). (8)

Interacting particles response function (unknown).

ni(r,t) = / Xs (v, 0t — ) vepp (2, t)dr' dt’, 9)

Lindhard’s independent particles response function of Eq. (4).



The concept of the exchange-correlation kernel f,..

e, o) =SB |
2
_ _ e
x e, w) = X (e w) — Tor| fre(r, v’ w).
o fre(r,r',w) =0:RPA;
o fre(r,r' W) = foe(r,r’,w = 0) : Adiabatic TDDFT:
- : N OB dPER(n) /
o Adiabatic LDA: fy.(r,r )_5n(r)5n(r’)_ T2 n=i§fr>_r );

2 pMGGA
0°EL,

e Adiabatic MGGA fmc(r, I'/) = W



meta-GGA-based TDDFT

G = / ene[no(r), Vio(r), 7(x)]dr, (11)

5Exc o agzc 85950
~on(r)  On (r) = v@Vn(r)
Oege , j0T(r))
or =) on(r) dr.

(12)




meta-GGA-based TDDFT

D%e e

(r)o(r—r')— [Vanavn (r)] 5(r—r/)—Vim(r)Vj5(r—r')

)
825330 57'(1') 82%0 (ST(r/) 825:(30 (I‘”) (ST(I‘//) (ST(I‘//) dI‘”

") 8V’n87'(r/) on(r) * or? on(r) on(r’)

(13)

which is the ‘exact’ adiabatic MGGA f,..



Cardinal approximation

We proceed by introducing a very crude approximation

8(;:6 (r) =~ const = 8{;;”_6 (r). (14)
O€ze ez Oepe [ O7(1)
Then  use(r) & 22(r) = Vo2 (r) + —° / M((‘;)) dr'. (15)
—’US(I'),
dvs(r) (16)

and Xs (I',I'I) = ()’

and omitting all non-singular terms, we arrive at

Oéze -1

/ ~
fwc(r7r)’\“ 87’ X

(r, 7).




Ultra-nonlocality of f,. in optical limit

Since
4m Xs(q,w) 5
=1-—= and
e(q,w) 212 @ @) ol ) Xs(q,w) q—_)a constxq®,
(18)
we need

(19)

(20)

(21)



Details of calculations

The EIK FPLAPW Code hitpielic sourcoforge.net/

The Elk FP-LAPW Code

An all-electron full-potential linearised augmented-plane wave (FP-LAPW code
wikh many advance
s milestone of
15 designed t b po:
fieid of density functional teory (OFT) can be ndded iy and renann. The
code Is fraely avallable under the eneral Public License.

Latest version: 1.3.31
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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 zinc blende semiconductors GaAs, GaP,
and InAs, (Nazarov & Vignale, 2011).



Choice of MGGA xc functional

Two xc functionals VS98 (Voorhis & Scuseria, 1998) and TPSS
(Tao, Perdew, Staroverov, & Scuseria, 2003) have been tried.
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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
zinc blende 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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