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Chwong 5 M6t s6 phép tinh co’ ban ctia DFT
5.1 TOi wu héa cau truc dién tr
5.2 TOi wu héa cau truc hinh hoc
5.3 Cac phép st ly hau ky
5.4 Gidi thi€u vé code Quantum ESPRESSO

http://www.quantum-espresso.org/
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5.1 TOi wu héa cau tric dién tor

Co dinh

clla cacion:

vi tri
' Ve KNnOwn/constructed

v

Generate
new

n(r)

A 4

Initial guess n(r)

|

|

Toi wu hoda cau tric dién
tlr la vi€éc giai phwong trinh
Khon-Sham bang phuwong
phap lap (trwdng tw hop —
Self —consistent field SCF)

Vol#)= Vie(r) + Vi (1) + Ve (1)

I

Hy(r) = [-12V2 + V(0] yi(r) = & yi(r)

No

!

Calculate new n(r) = Z | yi(r)|?

Self-consistent?

Yes

Problem solved! Can now calculate energy, forces, etc.
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5.2 TOi wu héa cau tric hinh hoc

> | Ve known/constructed
v

4

Initial guess n(r)

b
Generate Calculate Vy[n] & Vy[n]
new !
n(r) V()= Viue(r) + Vi (r) + Ve ()
Move I
: Hyi(r) = [-12V> + V()] wilr) = & yi(r)
IONS I
A Calculate new n(r) = = | yi(r)|?
Vong lap No
trong cho Self-consistent?
electron
Vong lap

ngoai cho ion
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Tinh toan lwc tac dung lén ion

Use force (Hellmann-Feynman) theorem:
- Want to calculate the force on ion I:

Fr= —ﬁ(‘l’\ﬂm’)

- Get three terms:

Py = —(UI4L|0) — (S |H|) - (V| H|GE

When |¥) is an eigenstate, H|V) = E|T)

® The force is now given by

OH owv ov
F = —(U|—|¥) — B(—oI|¥) — E(¥|—
I ( laR,l ) <aR,| ) ( IaR,>
OH o
=¥ -1} — & )
6R1 6R, 0
Tai vij tri can FE_""'M—R’:()
bang cla ion: / IR,
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Trang thai can bang cla unit cell
Céc hdng sO mang: h = [aq. ao, a3]
Sw thay d6i hang sO mang:h’ = (I + €)h € :Tensor bién dang

. x __ 1 OF
Tensor wngsuat: O3 — Ode 3
X

(2 = det h : Thé tich unit cell
Unit cell & trang thai cdn bang (cé nang long cwe tiéu):

unitcell \ ext GI - O
P, : Ap suat bén ngoai tac dung |én unit cell
Hodc unit cell & trang thai dE _ )

nang lLong cwu tibu: 49
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Mot so phwo'ng phap toi u héa cau tric:

1. Phwong phap trwe dOc (Steepest Descent)
2. Phwwong phap Broyden, Fletcher, Goldfarb, Shanno (BFGS)

3. Phwong phap dap tat dong lwc hoc (Dampled Molecular Dynamics)
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5.3 Cac phép st ly hau ky

1. Tinh todn cAu tric ving ning lwong

2. Tinh todn mat do trang thai (DOS) hoac
hinh chiéu mat dé trang thai (PDOS)

. Anh STM trén bé mat

Hién thi cac orbital (mat d6 dién tich)

Phonon

o vos W
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