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Exact Exchange Formalism (EXX)
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Why EXX formalism?
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Experimental band gap [eV]

Source: M. Stadele, M. Moukara,

J.A. Majewski, P. Vogl, and A. Gorling,

Phys. Rev. B 59, 10031 (1999)

Deficiencies of LDA | GGA:

* band gaps of semiconductors
systematically underestimated

» wrong long range behaviour of the
one-electron potential of finite
systems (0 e 9" instead O-1/r)

» Experimentally stable negative ions
are predicted to be unstable
(e.g.H,O,F).

EXX formalism overcomes
these deficiencies!




Ge: bandstructurein LDA

Ge: In LDA a bandgap of O eV is obtained!




Ge: bandstructurein EXX
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Ge: In EXX one obtains a bandgap of 0.68 eV!

(Experimental gap: 0.66 eV)




Accessing the EXX potential

Problem of LDA / GGA: contains unphysical electronic self-interaction
Hartree-Fock (HF)-formalism - complete cancellation of self-interaction:
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Applying the chain rule leads to the EXX-potential:
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— parameter chi Ecut inthe basi s{ ..} group of “i nput . sx”




DFT-EXX calculations;

Structure of the system

under consider ation

Salf-consistent LDA / GGA run

- initial charge density for EXX run

v
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Self-consistent EXX run

yields V&% =" &% E ., - nextslide ...

(Note: EXX / KLI pseudopotentials shall be used.)
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Structure of the system
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Self-consistent EXX run

yields V&% =" &% E ., - nextslide ...

(Note: EXX / KLI pseudopotentials shall be used.)

v

EXX bandstructure calculation

requires VE* and p=** from SC run

v
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Self-consistent cycle of an EXX run

EXX_LOOP{...}
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Self-consistent cycle of an EXX run
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Input filefor a self-consistent EXX run (1)

Don’t forget to use KLI/EXX

speci es_1 = <species/gaikli4{ham sx>;

pseudopotentials!

basi s {

eCut = 15; [//Ry

chikEcut = 9; /[/Ry
}
Ham | t oni an {

xc = EXX
}
I nitial Guess {

waves = { file = “../LDA or_ GGA run/waves.sxb”; } S

rho = { fronmhaves; } E
} -
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Input filefor a self-consistent EXX run (1)

speci es_1 = <speci es/ ga-

basi s {

eCut

kl 1 4{ham sx>;

chi Ecut =

Ham | t oni an {

pseudopotentials!

Don’t forget to use KLI/EXX

A further cut-off energy is required

— that controls how many elements will

be regarded for inverting X (G,G").

xc = EXX

I nitial Guess {
waves = { file

rho = { fromMves;

Read in wavefunctions obtained from

a previous LDA or GGA run to start with
a good initial guess. The LDA / GGA run
must have had the same cut-off energy eCut .

T

“../LDA or GGA run/waves.sxb”: |}

}

xs 1ndul




Input filefor a self-consistent EXX run (2)

co Writes EXX potential
el E)& ] to output file
r_m>c<xS]tDe|{os = 15: (along (1,1,1)-direction).
dEner gy = le-5; T
wri t eContr ol = EXX VRI TE VXR + EXX WRI TE VXG
DI AG {
useFul | Basi s;
maxSt eps = 1;
pri nt St eps = 1;
m xi ngMet hod = LI NEAR;
rhoM xi ng = 0. 3;
}
rel axkRho {
DI 1S CCG {
hContrib = CALC ALL - CALC V_ X
}
}
}




Input filefor a self-consistent EXX run (2)

co Writes EXX potential
el E)& 55 | to output file
XSt eps = 15: (along (1,1,1)-direction).
dEner gy = le-5; T
wri t eCont r ol = EXX WRI TE_VXR + EXX_WRI TE_VXG
DI AG {
useFul | Basi s; <*— EXX formalism needs
UEDESECIRR = L also the unoccupied states.
print St eps = 1;
m xi ngMet hod = LI NEAR;
rhoM xi ng = 0. 3;
}
rel axkRho {
DIIS CCG {
hContrib = CALC ALL - CALC V_X;
}
}
}




Input filefor a self-consistent EXX run (2)

‘o Writes EXX potential
el Ex£< 55 | to output file
maxst eps = 15: (along (1,1,1)-direction).
dEner gy = le-5; T
wr i t eContr ol = EXX_WRI TE_VXR + EXX WRI TE_VXG,
Dl AG {
useFul | Basis; < EXX formalism needs
UEDESECIRR = L also the unoccupied states.
print St eps = 1;
m xi ngMet hod = LI NEAR;
rhoM xi ng = 0. 3;
}

Any minimization method is possible.

rel axkRho {
Di | S_CCG‘{/

hContrib = CALC ALL - CALC V_X:




Input filefor a self-consistent EXX run (2)

Writes EXX potential

e Ex£< 55 | to output file

MaxSt eps T (along (1,1,1)-direction).

dEner gy = le-5; T

wr i t eContr ol = EXX_WRI TE_VXR + EXX WRI TE_VXG,

Dl AG {
useFul | Basi s; <— EXX formalism needs
UEDESECIRR = L also the unoccupied states.
print St eps = 1;
m xi ngMet hod = LI NEAR;
rhoM xi ng = 0. 3;

}

rel axRho { Any minimization method is possible.
Di | S_CCG‘{/

hContrib = CALC ALL - CALC V X

v

Keeps the exchange potential
untouched, but updates all other components
of the Hamiltonian (important !).




Input filefor an EXX bandstructurerun

.S|.o.eci es_1 = <speci es/ gaJkli {ham sx>; Again: Use KLI / EXX
pseudopotentials.
basi s { - |
eCut = 15; /IRy C.I Ecut IS no longer required
\ kPoints { ... } in the basi s{. ..} group.

Ham | t oni an {
NnEnptySt at es = 4;

XC

Input.sx

no difference to a “normal” bandstructure calculation.

Except for reading in the EXX potential there is




Input filefor an EXX bandstructurerun

speci es_ 1 = <speci es/gaikli -

basi s {
eCut = 15;
kPoints { ...
}

Ham | t oni an {
nEnpt ySt at es

ham sx>;

Again: Use KLI / EXX
pseudopotentials.

chi Ecut is no longer required
in the basi s{.. .} group.

XC

>

This tells the code to read in the
EXX-potential obtained from a previous
self-consistent EXX run (performed in
the same directory).

Input.sx

Except for reading in the EXX potential there is
no difference to a “normal” bandstructure calculation.




“duties’

01 GaAs: Self-consistent run / bandstructure
x-potential: LDA , pseudopotential: LDA

02 GaAs: Self-consistent run / bandstructure
x-potential: LDA , pseudopotential: KLI

03 GaAs: Self-consistent run / bandstructure
X-potential: EXX , pseudopotential: KLI

04 GaAs: Self-consistent run / bandstructure
X-potential: EXX , pseudopotential: LDA
Compare band-gap with result of 01 - 03

to see the influence of the pseudopotential.

v

05 GaAs:
EXX and LDA - the deformation potential
(lattice-constant vs. bandgap)
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optional tasks/“homework”

06 Ge: Selfconsistent run / bandstructure
X-potential: LDA , pseudopotential: LDA

07 Ge: Self-consistent run / bandstructure
X-potential: EXX , pseudopotential: KLI

—~

08 + 09 GaAs + Ge: Compare x-potential in LDA
(“vxr-lda.dat”) with EXX potential
(“vxr-?.dat” with ? = A, B, C, ... denoting
the updates of the EXX potential).
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