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\ Density-Functional Theory\ @
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» Self-consistent mean-field theory. e ——

A generic electronic system \Yj‘ 1>
Is fully described by a single €T~

scalar function, the electron
density n(r).

» Formally exact. ‘1,
In practice, the exchange- ® e
correlation functional is
modeled. 8 n(r)
»

» Good description of weakly
correlated, homogeneous systems.

I NanoDFT09 Summer School, 1zmir, Turkey, August 10-21, 2009




| Achievements of DFT | {é @1
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s First-principles electronic band
theory.

» Quantum molecular dynamics.
» Quantum chemistry.

Afor his devel opfmemct iodn al

In 1998, Walter Kohn shared the Nobel Prize in Chemistry, *'
et

I NanoDFT09 Summer School, Izmir, Turkey, August 10-21, 2009 I



Materials Modeling Group

- T . T : T i ] (111) e
' Fe clusters, BCC structure | WAL L L
- gl st e |

¢ Exp. (Billas et al., 1993) | I | |

4 LDA, atom-centered cluster P J\’\{.\:,.t/.l.\; “L >

T % LDA, face-centered cluster (551 951 150 O B I 10 |2

w

il LA L AL 0]

SR R 1
‘l‘l- \§‘;.\§‘ n. \'?‘ “"l'.,&‘ h.‘.f"""'- 4
-, d!r("&‘ \:\ ‘y " ""b' .

—— ]

]
W
I

e P g e ]

AN 5‘7; oot I
R ) A \‘;.,".__ _.c-‘
V%

s "'-.'-U'"‘&%'k "ch?:'-‘..\ Q
AT e
SR Al

w2 r-‘ s !"-‘4

R AL Bevg
‘ 127, CotTASE Lum___
N2 W D e NN

7N

Magnetic Moment (MB/atom)

|
0 100 200
Number of Atoms

500 x 500 hm? 1 pentacene
|ayer

pentacene
island

NanoDFT09 Summer School, Izmir, Turkey, August 10-21, 2009



| Deficiencies of DFT | €
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» Exchange-correlation functional cannot be
Improved systematically.

» Complex magnetic ordering is still a challenge.
» Band gap is systematically underestimated.

» It does not give excitation energies: no optical
spectroscopy.

. g
E o 9 o oo
photan

~_ > Bg= hf
= o Q)Q—)@

I NanoDFTO09 Summer School, Izmir, Turkey, August 10-21, 2009 I



Are there alternatives to DFT? @

Yes! Many

|Many-body Greenéds func

@ Gives band gap greatly improved from DFT.

@ Does not require phenomenological
parameters.

© Exact. If you manage to sum up all Feynman
diagrams.

@ Amenable to high-performance computing.
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Band gaps of semiconductors

Energy gap (eV)

0 2 | 4 6 | 8

Materials Modeling Group

10

3C SIC [42]
LiCI [44]
B-C.N, [45]

inAs[
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Compiled by Aulbur, J° nsson, Wilkins, Solid State Phys. 54, 1(2000)



U | C Bulk Si: Imaginary part of the dielectric function @
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70 T T T T
i | Egap 02 U Ol X9
60 - [— LDA gap
sol |~ BSE, DFT | 0.46 2.52 0.60
[T Bxp GWA | 129  3.35 1.44
_4or Exp* | 117  3.35 1.3
oS i
30 A :
i Hybertsen and Louie (1986).
*Lautenschlager et al. (1987).
20
10 . :
I U Photoluminescence
01 . é U Exciton dynamics

Photon Energy (eV) U Photoemission spectroscopy
U Transport in doped materials
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‘ Many-body Gr eenaos fu|10tio
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Bi ol ogical systems, functionalized nanostructures, pGc

Noble Metal Clusters (Tiago,ldrobo, Ogut) 2009

Nanocrystals, quantum dots (Tiago, Chelikowsky) 2006

2005

Organic molecules (Tiago, Chelikowsky)

Nanotubes (Spataru, Ismail-Beigi, Louie) 2

Polymers (Zaider) 1996

Point defects (Surh, Chachan, Louie)
1995

Atoms (Shirley, Martin) Oxides (Gunnarson, Baldereschi)

Alkali metals (Northrup, Hybertsen, Louie)

Superlattices (Hybertsen, Schlg t t er )

Bulk semiconductors (Hybertsen, Louie)

Electron gas (Hedin)

I NanoDFT09 Summer School, Izmir, Turkey, August 10-21, 2009 I






