Quasiparticle band structurein
the GW-approximation

Exercise 6.a
Philipp Eggert



DFT(LDA) band gap error 50%

DFT-LDA band energies (eV)
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Experimental value:
dir _
[op=152¢eV
DFT-LDA:
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of about 50 %




M or e sophisticated methods (EXX / GW)

EXX =» Matthias Wahn (second part of this session)
GW =» this part of session

What isGW?
=>» an approximation for the self-energy

; ' G = one particle Green's function,

z — W = screened Coulomb interaction
"
T

G

=>the self-energy contains exchange and dynamic correlation
=>through the self-energy the quasiparticle energies are accessible
=>» quasi particle energies are the one-particle excitation energies
=»accurate description of band structure




Numerical procedureto calculate QP energies

Kohn-Sham-equation (= underestimation of band gap):

SFHIngX-code

[h(r) + Vi (D185 (1) + Vi (085" (1) = €37 B (1)

Quasiparticle equation (MBPT):

Nonlocal energy dependent self-ener gy contains correlation and exchange

[h(r) +V, (N]g () + [ Z(r 1,68 (r)dr'= e g3 (1)

Quasiparticle correction (= accurate band structure) :

P LDA — LDA P LDA
Em ~ ={Pmq (r)‘z(r r ,5,%) ~V,o

LDA (r )> gwst-code

GW real-space imaginary-time




Convergence parameters GW => 2

Construction of the Green’sfunction in gwst:

43 Y 4 ()85 (Ve (e r) T > 0
GLDA (r,l";i'c) = < U:OCCKDMP
=2 2 () en (e (eyT) T <0

Wave functions are calculated with SFHIngX (viainterface):

¢nk (r ) = Z Cn,k+G ei (k+G)m
G

Convergence parameters:
1. Number of planewavesin the Green’sfunction: ecut of f
Number of bandsin the Green’sfunction: bcut of f

2.
3. Number of k-points } not tested in this session
4. Number of time-points




Calculate quasiparticle band structure

Starting from the Green’ s function, self-energy iscalculated | e o o o
at regular Monkhorst Pack k-points: © o 00

Once self-energy Is obtained
=>» evaluation of quasiparticle energies at the band structure g-points

gQP_gLDA < LDA‘Z(gr%P) VLDA‘¢LDA>

=>few number of unoccupied bands ! ¢
(no convergence parameter) o0




Structure of atypical GW-calculation

Density (1)
SFHINngX

\,O(I')A

QP _input (2)
SFHINgX

special k-points

many unoccupied bands

Band_structure DFT_LDA (4)

SFHINngX
band structure g-points
few unoccupied bands

Z(r,r’;

gwst
conver gence tests

QP _correction (3)

Band_structure QP (5)

gwst
visualization




Convergencetest ecut of f

Direct band gap I'point (eV)
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=» L DA-pseudopotential
. =>at the theoretical
i lattice constant
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i of direct band gap




Comparison DFT-LDA and QP band structure

Band energy (eV)
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=>»valence bands are
shifted to lower energies

=» Conduction bands are
shifted to higher
energies




Band gap depends strongly on the
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KLI-pseudopotential givestheright band gap

1.6

Direct band gap at I —point
o

experimental lattice constant: 10.68 bohr
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__________________________________________________________________________ experimental band gap_ |
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pseudopotentia

theretical band iqap with LDA-

=>» Converged QP band
gap: 1.37 eV

=» Error: 10%

Compare with error
DFT-LDA: 50 %

:| GW-calculation:

:| >Be careful with the
:| lattice constant

:| =»The choice of

| pseudopotential is

| important
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