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Motivation

(i)
Forces with Density Functional Theory A
O ®

www.flapw.de

All-electron full-potential LAPW method |eu r

= Accuracy sufficient for lattice relaxation °o| o |o

= Not so for reliable force-constant matrix (g” g1z>
21 22

Goal: Increase accuracy to pHtr/ag
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Current accuracy of forces

= Translational invariance: Za F,.=0
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relative

3.67%

Mg O total

Force [mHtr/ag] | -11.611  11.192 0.419
. . oAl ?E R
Force-constant matrix: Caﬂ =l T T

- C has to be symmetric by Young’s theorem

o _ (181 11192
=Moo 11611 —11.192) @
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LAPW in a nutshell

= Core electrons:
@ Solutions of fully relativistic Dirac-equation
@ = Valence electrons:
5|  Constructed from piece-wise basis functions

ox(r) = { exp(/K r) rels

P (af®uf(ra) + bYK U (ra)) Yi(Pa) reMT,

Q

= Local Orbitals:
Enhance flexibility of basis inside a muffin-tin for selected ¢

Z o o o *
Bre(ra) = 3 (aferuf (ra) + B Ug (ra) + cf 6" Toso(ra) ) Ya(Fa)

m
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Forces in FLAPW

Fo=—52-E
= Position-dependent basis set requires Pulay correction
Fo=— z nik (Vik|Vra H|Yik)
ik

-2 Z nixk Re (V .+, Yik|H — €ik|Vik)

ik
__ pHF Pulay Pulay
_Fa + Foz,core + Fa,val
. Pul
= Corecorrection:  Fulcore = — fyr. @®rapie(Fa)V Vii(ra)

(R. Yu, D. Singh, and H. Krakauer, Phys. Rev. B 43, 6411 (1991))
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Losing core electrons

= Core states do not necessarily vanish at MT boundary

3 T T
L — Mg 1s B
Mg 2s
2 — Mg 2p ]
— O1s
ET S E
8 S
zo Z 4 Mg: 0.016 of 10 1
core electrons lost
-0:25 -
-1 -
MT,,, IS|  MT, 7 I 1
R . | . | . | . _ . |
2 1 2 3 0-5; 3
Mg riay o

r [ao]

. . . Pul
» Include complete unit cell in calculation of Fy, core
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Core forces over whole unit cell

- /Q O P (F)V Va(F) = /M Er () V V()

core correction in original muffin tin

+ Z/ dsrpcore a)vveff(r)

pFa

core correction in other muffin tins

+/ d®r &, (r — 7o)V Vesr(r)
s

core correction in interstitial
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Results on MgO
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Force [mHtr/ap] | Mo 35, O1.335  total
no correction | -11.611  11.192 0.419
full core-correction | -11.191  11.191 0.000
new [ —11.191 11191 e
—M90_< 11.191 —11.191> a
force LDA VWN
Emax 16
o kmax ~ 5.5a,
= a 7.97 ay
kpt-Grid  10x10x10
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Results on MgO
Force [mHtr/ag] | M0y s, Ot33s, total '
no correction | -11.611  11.192 0.419 |
full core-correction | -11.191  11.191 0.000 | & -
LOs: M0pgepp,, O1s | -10.808  10.807 0.001 | = s
025 :ggé: B
pew _ (—11191 11491 : ria
—Mg0 11.191 —11.191) @
force LDA VWN
o kmax ~ 5.58p '
= a 7.97ag
kpt-Grid  10x10x10
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Results on EuTiO3 °

Compare old to new force-constant matrix:
—0.297 0.639 —0.295 —0.295 0.203

0.645 —1.978 0.237 0.237 0.787 mHtr
QEISTIOBI —0.274 0.233 —-0.877 —0.196 1.133
—0.274 0.233 —0.196 —0.877 1.133 %
0.200 0.873 1.131 1.131 —3.253
—0.238 0.626 —0.295 —0.295 0.2018
0.626  —1.591 0.251 0.251 0.4631
new mHtr
Ceito, = | —0.295 0.251 —0.889 —0.196 1.129 -
—0.295 0.251  —-0.196 —0.889 1.129 0

0.2014 0.4640 1.129 1.129  —2.923

New force-constant matrix symmetric up to less than 1pHtr/ag
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Conclusion & Outlook

= Correction only necessary in actual force step
= Drift forces vanish for high £inayx
= Calculation of highly precise force-constant matrices achieved

0.9
0.8

-+ Absolute force difference corrected 4
-+ Absolute force difference no correction|

8 10 12 Y
= To be done: Reduction of necessary #max-cutoff
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Appendix
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Results on NaCl and GaAs

J)

Force [mHtr/ag] | Nap 774, Clo174,  total

no correction | -3.633 3.351 0.282

full core-correction | -3.351 3.351 0.000

LOs: Nagszp, Clnone | -3.196 3.196  0.000
displacement along [100]: 0.27ag, a = 10.69aq

Gazo1a Aszoig, total

no correction | -12.001 12.229 0.228

full core-correction | -11.982 11.982 0.000

LOs: Ga353p3d, A3353p3d -14.514 14.522 0.008

displacement along [100]: 0.13ag, a = 10.684ay

lmax = 16, 8 X 8 x 8 kpt-Grid, kmax = 4.2a;, '
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Setup of EuTiO3
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shared no correction  full core-correction
Eu | Rur = 2.604a lmax = 12 lmax = 16
local orbitals: 5p 5s5p
Ti RMT =221a Emax = 8 fmax =12
local orbitals: 3p 3s3p
O | Rur=1.4143 lnax = 8 lmax = 12

displacement along [100]: 0.02ay, a = 7.374a \

LDA VWN, 8 x 8 x 8 kpt-Grid, kmax = 4.0a, '
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