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Semiconductor alloys
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Band structure

Silicon Silicon
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Unfolding the first-principle band structure

README.md

. fold2Bloch
Plane wave expansion

Unfolding of first-principle electronic band structure obtained with WIEN2k DFT-(L)APW code

Contributors:
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Effective band structure: VWorkflow:

W e Construct primitive unit cell
D vesta 7 3 e Make supercell (supercell)
k& ul_. 1suahzation for Electiome and STrctwral Analysis ) ° Create Perturbation(S)

" e Run SCF calculation

* Create k-path (case.klist band file) using fold.m

* Compute wave functions (case.vector[so] file) for the
selected k-path:
- X lapwl -band [-p]
- x lapwso [-p] (in the case of spin-orbit coupling)

f |dZB| h e Unfold band structure
O OC - fold2Bloch [-c] case.vector "'2 0 0:0 1 0:0 O 1'"

‘ MATLAB Plot effective band structure (ubs dots*.m)



Demonstration: Band structure of SijxGex alloy (x =~ 0.2)
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Strongly-correlated material: Sr2lrO4

N ARPES

11Ir primitive cell

Brillouin zone

(c)

AN
supercell

primitive

Energy (eV)

@

Wave vector

Comput. Phys. Commun. 291, 108800 (2023)



Thermoelectric material: Sig 7Geo 3
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Impact of alloying disorder on charge

CdTe — (HgCd)Te GaAs — Ga(AsBi)

Energy (eV)

Woave vector

Uh = 200 = |0 cm2V-ls-|
Ue = 1,100 — 1,000,000 cm?2V-Is-! Ue = 4,000 = 2,500 cm2V-Is-|






Bloch vs Wannier functions

Bloch functions Wannier functions (localized orbitals)
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Number of WF = number of bands, Marzari et al.

PRB 56, 12847 (1997)

but band 7 does not correspond to WF n Rev. Mod. Phys. (2012)



Max. localized Wannier functions (MLVVF)

Bloch functions (more precisely):

wnk(r) — unk(r)
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Two flavours of Wannier functions

-
\

Atom centered sp3-like

o s

e includes bonding and
antibonding states
e building effective hamiltonian




Two flavours of Wannier functions
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Atom centered sp3-like

0=

e includes bonding and
antibonding states
e building effective hamiltonian

Bond centered s-like

Marzari et al.:
Rev. Mod. Phys. (2012)

e includes valence states
e charge transfer and polarization



Atom centered FWVs as an LCAO basis (if you are luck

Matrix element (eV)
(sl [s12 (si|H|s1? = Es

$ less GaAs-WANN_hr/lat / /
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a Neighbour WVF are well localized

unit cell = nearest-neighbour suffice
Tutorial




and structure interpolation

m T T = | T T Bl T+ T +T T
++++ + 417 . T
10 i+++ aAS +++++#I+ ++ +T Ay ++'_Eaﬂs-MﬂNN.sp$ynett1_eﬁeL using (54/0}5?%93?:5*""*‘#1**’-
< ; + - + o = + T +
_ T i + a phoF ‘¢¢+++ PR +l3+aﬂs—bJRNN_banﬁ4_:|at' .
i + .+ 4 . +
e + ++ +T¢ +i'-t ot +, Pt
P i + ok < S + it
+ +7T irn = e+t ts
e : )
H— 1-1-1-1--{-_}'_ . +++++++ +++++++++ 'T++++1 g . arar ++++
BN 1 - L
4, + g 4
™ ¥ + 4 =+
++ & +++4—.|.-+
W A bk,
* A+
5 " K % -
LU S TR *;.* Ao, t*'h_
'.»-,:’;..:_‘ et BT L .
— L ST 'i‘?:-: _,+ +H‘+"""+‘-'+. .;.t*"’=+
*h £ L st
> 4+‘+:;-i-""”"“"= e i SRR
Fap *
o Foy - DR
q) AT 4++-|-. 7t e Ty
o o I e E e L £t
1 |t ¢ -4 U .
N 4;:““’“””" 9—,,++ 4*‘/4 - +++
e \
DN o | R -
1 - . T ™
bo |-:+-='='4*I o . J’*"-{ ,,--“é""‘" ¥ F
A £ R Fr et A
s ¥ . ey e EE T +
-+ g L (Y ,,r.-}-TIiT a
\ L I e +
q) # + g e ¥ +
+ s e o I B O T &
# * s T F
S Tl = s
C # e Ty &t -F
A * Fogoy +
4 S L SR ++
LlJ * +
A+ *.. +++
-5 F );+ ++ o -
s e +
oK 4 £
'{"+ *.‘ T
e + r
=+ .
-il"‘ +"'|.....|;ll}-{l='f+"‘*f
| R e i S
10 Ay 1
i 4‘4-’ e +
H L - ,_}.-l' + o
R he, . et L""'J.‘_
N Pl,i"'-l Feul et = st k-
e o I B
U o e e U e
1] L L L L L L L
0 0,5 1 il S5 2 2,5 3 3.5

Wave vector

+ original Wien2k band structure
— Band structure computed from Wannier hamiltonian



Relation to polarization (bond centere

ZAs
Wannier
center ge
. . Z
symmetric non-symmetric Ga
(non-polar) (polar)
- (X7 - 3r,)
/ Electronic part
lonic part (sum over all WFs centres; King-Smith & Vanderbilt

(sum over all ions) Woannierization to include
occupied bands only)

Phys. Rev. B 47, 1651 (1993)


http://publish.aps.org/search/field/author/R.%20D.%20King-Smith
http://publish.aps.org/search/field/author/David%20Vanderbilt

Wannier90 “ecosystem”

Topological properties, wunmm
Z 5invariants, Chern
numbers, Weyl points BM
Topological properties,
surface states, band * Topological properties,
unfolding, and more ‘ , Berry curvature, related
charge transport
phenomena
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Interpolation of e-ph
interaction to a fine k-
mesh

Correlated materials beyond DFT
(dynamical mean-field theory)

Marrazzo et al., arXiv:2312.10769 (2023), DOI: 10.48550/arXiv.2312.10769
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