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Introduction: the GW approach to

electronic band structure of materials

W: screened
Coulomb

W
G

(G: propagator



R. M. Navarro Yerga et al. (2009)

E vs NHE (V)

=
|

o
T

1.0

Conducting
glass

f TiO, Dye Electrolyte Cathode

B

Injection __ .=~ g

<o T
)

I Maximum
| voltage

fv |

Ve
Red —L — Ox<~

/"~ Mediator
Interception Diffusion

#

»
—57/5¢

Graetzel, Nature (2001)



photoemission inverse photoemission

Wavevector k

Yu and Cardona, Fundamentals of Semiconductors (2003)
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Courtesy of Dr. R. Gomez Abal
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interacting electrons G} <

_@f > SRS

@ quasiparticles

@ weakly interacting

(courtesy of Dr. R. . Gomez-Abal)

electron  polarisation  quasiparticle
cloud
(courtesy of P. Rinke)

Quasi-particle equation
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GAP (GW with Augmented Planewaves)

€ Based on LAPW (all-electron, no pseudopotentials !)

@ Interfaced with WIENZ2k (P. Blaha et al. (2001))

W: screened

Coulomb
W

R G

(G: propagator

FHI-gap: H. Jiang, R.Il. Gomez-Abal, X. Li, ..., M. Scheffler, Computer
Phys. Commun., 184, 348 (2013).



Band Gap [eV]
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H. Jiang et al. Phys. Rev. Lett. 102, 126403(2009);

Phys. Rev. B 86, 125115(2012).
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GW with LAPW+HLOs for

sp-semiconductors

H. Jiang and P. Blaha, Phys. Rev. B, 93,115203 (2016).
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H. Jiang (2009)



Kinetic Energy of the Highest Conduction Band (Ry)
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Shih, et al, PRL 105, 146401 (2010).
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D. Singh, Phys. Rev. B, 43, 6388(1991)
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R. Laskowski & P. Blaha, Phys.
Rev. B, 85, 035132 (2012)
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Systems (mainly sp semiconductors)
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Systems Expt. PBE GoWo GWa GoWa GWoy ) O GWolNC-PAW °
nLo =0 Ly = 5

C 5.48 4. 16 5449 5.66 5.659 5.87 5.E1

Si LI7 0. 56 L03 . 1.12 Lig 1.21

SiC 242 |36 21 2.36 2.38 153 2.60

BM 4 446 6.4 627 . 36 GGl 6. &6
HP 24 21 .34 2.01 2.04 2.11 1220
w-AlM 2-6.3 4.14 560 588 5. 800 Gll

AlP 251 157 225 236 2.37 251 262

AlAsg 21 13400, 100 .94 203 2.0 217 2.35

AlSb L& LO3(0.22) .40 .45 1.50 L57 .76

GialM 330 |68 2TR 2046 3000 i | 348

GaP 226 .6 2.05 212 2.21 230 2.40

Gafs 1.42 4200000 1.31 |.3% 1.15 1.23 1.21

01223 0.51

3.40

2.07 . 3.72

Wl s 27 LI15(0.13) 254 2.66

ZnTe 226 (LREN0.2T) 202 215
wr-Cds 240 |20 L38

wir-CdSe L.75 LE500.12) 1.54 L2 160

(480028 L .44

8.03

MARE(%) 48




Expt. PBE GoWo W GoWa GW aE, CWolNC-PAW *
nLg =0 Lo =

c 5.48 4.16 5.49 5.66 5.69 5.81
Si LI17 0.56 L03 |05 1.12 1.21
5iC 242 .36 223 2.36 238 2.60
BN f.4 4.46 .04 6.27 .36 .66
BP 24,21 1.34 2.01 200 2.11

wz-AlN f2-6.3 4.14 5.60 5.88 5.80

AlP 251 1.57 2.25 2.36 2.37

AlAs 21 1.34(0.10) 194 .03 2.06

AlSh L6 1.03(0.22) 140 .45 1.50

GaN 3.30 .68 278 2.96 3.00

GaP 226 |66 2.05 212 2.21

Gahs 1.42 L42(0.11) 131 .39 1.15

GGaSh &l -0.12(0.23) 064 071 0.47

Zn0 3.4 070 2.05 241 278

ZnS 3.68 207 315 3.35 3.35

ZnSe 27 L1S(0.13) 223 241 234

ZnTe 2.26 (L 98(0.2T) 195 2.08 1.89

wz-CdS 249 .20 2.02 218 2.19

wz-CdSe 175 [L55(0.12) .29 .42 1.39

CdTe 1.43 (L 48(0.28) 120 1.30 1.23

LiF 14.20 9.28 12.36 13.98 14.27

MgO 7.83 475 7.08 7.52 7.50

MAE 1.54 0.47 0.25 0.24

MARE( %) 45 14 9 9 5




GW with LAPW+HLOs

for d- and f-electron systems

H. Jiang, in preparation (2016).
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€ Numerically accurate GW'results are not easy to obtain,

especially for some systems (ZnO).

€ Both the accuracy and completeness of unoccupied states
are important.

& The effects of including HLOs are more dramatic for ¢- and
Felectron systems, and the energy position of occupied £
states are greatly improve.

& GlV/based on LAPW+HLOs can be used to as the

benchmark
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Thank you for your attention!




