Development and application of a massively parallel
KKR Green function method for large scale systems

Alexander R. ThieB

o
S
S
©
o
o
1723
12}
<
N
=
]
<
E
[7]
T
o
<
s
—
]
e
@
o
£
)
=

#) JULICH

FORSCHUNGSZENTRUM




Forschungszentrum Jilich GmbH
Peter Grinberg Institute (PGI)
Quanten-Theorie der Materialien (PGI-1 / IAS-1)

Development and application of a massively
parallel KKR Green function method for large

scale systems

Alexander R. ThieR

Schriften des Forschungszentrums Jilich
Reihe Schlisseltechnologien / Key Technologies

Band / Volume 71

ISSN 1866-1807

ISBN 978-3-89336-906-5



Contents

1 Introduction

2 Density functional theory
2.1 Born-Oppenheimer Approximation . . . . . . . ... ... ... ... .....
2.2 Hohenberg-Kohn Theorems . . . . . . . ... .. ... ... ... .......
2.3 Kohn-Sham equation . . . . . . . ... .. Lo
2.4 Spin Density Functional Theory . . . . . . . . ... ... ... ... ...
2.5 Exchange-correlation potential . . . . . ... ... ... 00 0oL

3 KKR-Green function method
3.1 Definition and general properties of the Green function. . . . . . . . ... ..
3.2 Single-Site Scattering . . . . . . . . ...
3.3 Multiple-Site Scattering . . . . . . ... ..o
3.4 KKR representation of the Green function . . . . . . ... ... ... .. ...
3.5 Full-potential description . . . . . . .. ... L o
3.6 Finite-temperature complex contour integration . . . . . . . .. ... ... ..
3.7 Self-consistency cycle . . . . . ...

4 KKRnano
4.1 Tight-Binding KKR-Green function method . . . . . . . ... ... ... ...
4.2 Tterative solution of the Dyson equation . . . . . . ... ... ... ......
4.2.1 Transpose Free Quasi Minimal Residual algorithm in KKRnano . . . .
422 Initial guess . . . . . . . oL o
4.2.3 Preconditioning . . . . . . . ... o
4.3 Massive parallelization . . . . . . .. ... oL oo
4.3.1 Atom-Parallelization . . . . .. ... ... 0 0 L.
4.3.2  Optional levels of parallelization . . . . ... ... ... ... .....
4.4 Truncation of interaction . . . . . ... ... .. o
4.4.1 Error correction . . . . ...
4.5 Summary . ... ...

5 Important extensions to KKRnano
5.1 Lloyd’sformula . . . . . ... . ..
5.1.1 General derivation of Lloyd’s formula . . . . .. ... ... ... ...

13
14
15
17
19
21
23
25

27
30
33
34
41
43
51
52
53
59
60
62



ii Contents

5.1.2 Renormalization of the charge. . . . . . .. ... ... ... ... ...
5.1.3 The reference system . . . . . . . . ... L oo oL
5.1.4 Theactual system . . .. ... ... ... . ... . ... ...
5.2 LDA+4U: treating strong correlations . . . . . . ... ... ... ...
5.3 Lichtenstein formula . . . . . .. ... ... .. o 000000000
5.4 SUIMMATY . . . . . Lo e e e e e

6 Magnetic defects in GaN:Gd
6.1 Computational treatment of gadolinium doped gallium nitride . . ... . ..
6.2 Nitrogen-Interstitials in gadolinium doped gallium nitride . . . ... ... ..
6.2.1 Electronic structure . . . . .. ... L
6.2.2 Magnetic moments . . . . ... ... L oo
6.2.3 Magnetic exchange coupling . . . . . . ... ... ... L.
6.3 Oxygen-Interstitials in GaN:Gd . . . . ... ... .. ... . ...
6.3.1 Electronic structure . . . . ... ... L oo
6.3.2 Magnetic exchange mechanisms . . . . . .. ... Lo
6.4 Gallium vacancies in GaN:Gd . . . . . . ... ... oo 0oL
6.4.1 Electronic structure . . . . ... ... L oL
6.4.2 Magnetic moments . . . . . .. ...
6.4.3 Magnetic exchange interactions . . . . . .. ... ...
6.4.4 Ferromagnetic network . . . . . ... ... Lo
6.5 Summary . . ... ..

7 Disorder and localization in Ge;Sb,Tey
7.1 Electronic structure . . . . . .. .. Lo
7.2 Finite size scaling . . . . . . . . ..
7.3 Simulated annealing . . . . ... ..o L Lo
T4 SUmMmary . . . . ... e

8 Conclusion
A Percolation threshold

Bibliography

129
131
143
150
158

159

163

167



Schliisseltechnologien / Key Technologies

Band/ Volume 71 ’J JULICH

ISBN 978-3-89336-906-5 FORSCHUNGSZENTRUM




	Introduction
	Density functional theory
	Born-Oppenheimer Approximation
	Hohenberg-Kohn Theorems
	Kohn-Sham equation
	Spin Density Functional Theory
	Exchange-correlation potential

	KKR-Green function method
	Definition and general properties of the Green function
	Single-Site Scattering
	Multiple-Site Scattering
	KKR representation of the Green function
	Full-potential description
	Finite-temperature complex contour integration
	Self-consistency cycle

	KKRnano
	Tight-Binding KKR-Green function method
	Iterative solution of the Dyson equation
	Transpose Free Quasi Minimal Residual algorithm in KKRnano
	Initial guess
	Preconditioning

	Massive parallelization
	Atom-Parallelization
	Optional levels of parallelization

	Truncation of interaction
	Error correction

	Summary

	Important extensions to KKRnano
	Lloyd's formula
	General derivation of Lloyd's formula 
	Renormalization of the charge
	The reference system
	The actual system

	LDA+U: treating strong correlations
	Lichtenstein formula
	Summary

	Magnetic defects in GaN:Gd
	Computational treatment of gadolinium doped gallium nitride 
	Nitrogen-Interstitials in gadolinium doped gallium nitride
	Electronic structure
	Magnetic moments
	Magnetic exchange coupling

	Oxygen-Interstitials in GaN:Gd 
	Electronic structure
	Magnetic exchange mechanisms

	Gallium vacancies in GaN:Gd
	Electronic structure
	Magnetic moments
	Magnetic exchange interactions
	Ferromagnetic network

	Summary

	Disorder and localization in Ge1Sb2Te4
	Electronic structure 
	Finite size scaling 
	Simulated annealing
	Summary

	Conclusion
	Percolation threshold
	Bibliography

