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Which function ?
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Density functionalsare optlmlzed to express bulk properties.
How many electrons ?
Eigenvalue problem, the eigenvalue is similar to each other
Cut off of Integration ?
Accuracy of matrix calculation arises.
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QuEnRgrcalculation to EAM series
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el IJ tion to EAM series :
d Atem Method (EAM) and Modified EAM
!

| i‘and MEAM)
Ic (espeually for Bulk)

tion of reconstruction for Si (111) 3X3, 5X5, 7X7, and 9X9...
AMAGISHI, and Tadao ONZAWA )
, pp.299--301 ,(1999)

CC (110) Missing Row structure
‘ Mod amt 1ethod (MEAM) calculations for reconstructed (110) surfaces of face...
( Takahiro YA r AKAHASHI, and Tadao ONZAWA, )

| | Y u 2]
Surface Science, vol.445, pp.18--22 ,(2000)

!
Expectable !

However, problems remain. ( ex. Pd (110) surf., clusters,,, )
problems induced by the method ? or the parameters ?
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(Embedded Atom Method)
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AVIRYPOTES] 0
Etot = Z E |

i ¢ Embedding e“,. termi + Two body term

L d

E = F(p.)+ Zcqj(RJ

J(I¢J)

p= > 0(R)

j(j#i

Difference between EAM and MEAM
EAM: spherical symmetr

MEAM: includes s, p, d, f symmetries

M.W.Finnis and J.E.Sinclair petential
FS potential is same as EAM.
never taking account of sp,d,f symmetries
For non-bulk problems ex. surface, cluster, etc...
MEAM rather than EAM or FS potential

"\ Electron ges //
Applicability of MEAM —_—

still unknown especially for non-bulk problem
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Birth of EAM series
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J. H. Rose, J. R. Smith, F. Guinea and J. Ferrante,
Phys. Rev. B, 29, 2963-2969 (1984).
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Embedding function

Pair potential term
Effective charge distribution function

% (R;j) =Z(R))Z;(Rj)/R;
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Fi(0)=AE—5

Electronic density; 3

Superimposition’ o atemicidensity

S, p, d, f symmetry

Parameterized atomic density.
Pair potential term
Reference structure

Rose’s universal function
J. H. Rose, J. R. Smith, F. Guinea and J. Ferrante,
Phys. Rev. B, 29, 2963-2969 (1984).

P in ,5
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F(o) = p In(o)
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Equilibrium by Baskes
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different frem Equilibritim of EAM

Physicall meaning decreased Equilibrium by Johnson
Parameterized

Parameter A

for stacking fault energy
(FCC, HCP)

0.5 1 1.5
Argument of function p

“Embedding term can be covered by pair-potential term”
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E = F(p.)+ > @(R)
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P = pi(O) {1+

/

3
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W

j(#1) j(#i)

f (1=3) ((3)) Z{Z&mm] (3)(RJ)}

a.B.y I(#)

Parameterized atomic density
parameters ;



Z pa(O)(RU) pla(O)(Rl) pi(O) — Z P?(O)(Rj)

i () - 1(#)

2
= 3 pO(R) PO (R ) coslfyy ) (@ F Z{ZM PO (Ry) }

jol(#) j(#i)

2 2
@) = Zp?(z)(Rj)p|a(2)(R|){0032(9m)‘%} ef=3 {Zm, (2)(R,} {Zp?@(a,}

J1(#) j(#) j(#)

2
(@F = 3o R (R ooy ) (0@ = Z{ZMNMJ “’%R,)}

1 (1) a By | i)

Superimposition of no wave function but electronic density
Anti-bonding state would be never expressed.
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BUIK PIOIBIEMS
SuUrface: propiemssorcilster probler
~ Si 7x7 DAS structure
o gy and simulation of reconstruction for Si (111) 3X3, 5X5, 7X7, and 9X9...

( Kunio TAK NARA, Takahiro YAMAGISHI, and Tadao ONZAWA )
Applied Surface Science, 51 ,n0.3-4 , pp.299--301 ,(1999)
FCC (110) Missing Rew: structure
Modified embedded atom method (MEAM) calculations for reconstructed (110) surfaces of face...

( Takahiro YAMAGISHI, Kunio TAKAHASHI, and Tadao ONZAWA, )
Surface Science, vol.445, no.1, pp.18--22 ,(2000)
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EAwgé'
to Si

AW
ucture: (i)

DAS structure ;

K I, Y.Tanishiro, M.Takahashi,
and J. Vac. Sci. Technol. A, 3,

1502 (1985) -

-
Why 7x7 is op‘d.

Sometimes 5x5 is observed
rather than 9x9.

Stacking fault

Corner
home

2 0 1

6 2 1

6 1

20 12 1

Dimmer Adatom Rest atom
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First principle calculation :
10" SINPIAIDEISES . | Stich, M.C.Payne, R.D.King-Smith,
JS.Lin, and L.J.Clarke,

Phys. Rev. Lett., 68, 1351 (1992).

Tight binding estimation :
Y.F.Zhao, H.Q.Y ang, JN.Gao,
Z.Q.Xue, and S.J.Pang,

Phys. Rev. B, 58, 13824 (1998).

XS stable
5x5 is

R
Surface energy (mIm?) | |

present study Reference
before | after _ Stich Zhao
reconstruction reconstruction

Structure

3x 3 2753 1571 1503 1503
5% 5 2533 1530 1468 1468
=7 2388 1524 1449 1449
Ox 9 2452 1549 [ 1453




AWVIO2 application to FCC(110) structure (1)
0 TAKAHASHI, and¥Tadao ONZAWA,

--22 ,(2000)
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AWVIOZ2 application to FCC(110) structure (2)

Material

Surface Energy (mJ/m?)

Ideal

M.R.

M.C.

Stable structure
(exp.)

AU

1081

1035

1152

M.R.

Pt

2252

1723

2077

M.R.

must be caref Pb

426

450

481

Ideal

Rh

3488

3526

3695

Ideal

Problemrrenzins

1830

1642

Ideal

method or parame?e-r'

2372

?

jole!
i
oS!
jole!

(b)

Takahiro YAMAGISHI, Kunio TAKAHASHI, and Tadao ONZAWA,
Surface Science, vol.445, no.1, pp.18--22 ,(2000)

Top view

Sude view




AVIYZ apl'cation to FCC(110) structure (3)

Good agreement
= must be careful

= Problem remains method or parameter
Takahiro YAMAGISHI, Kunio TAKAHASHI, and Tadao ONZAWA,
Surface Science, vol.445, no.1, pp.18--22 ,(2000) [110]

Element 1 2 3
Direction [001] [110Q] [001] [110] [001] [110] [001] [110]

MEAM 0O 031 -001 0.07 0O 0.09 0 -014
LEEDI[9] 0O 023 -0.07 -0.06 0O 0.09 0 -015
MEAM 0O 034 -006 0.02 0 013 0 -016
LEED[10] O 033 -0.05 0.04 0O 011 0 -0.06

Au

Pt




Aogoliczioility of MEAMYZ e
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PIOEERIYAHENIESTINEUIGO O VERY Iarge bulk:
ICENOIORIEM

[Atum calculation.
0 reliability in calculation
Accuracy mu St PEe examined.

Accuracy of  Methoed
Parameter
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History of EAM series

= Uf“\ /e [ At Aar ‘ 1999 [J-MEAM; M.I.Baskes, Phys.Rev.Let. 83} 2592-2595) (1999)
1997 Determination of MEAM parameters for Ni
M.lI.Baskes, Mater. Chemist. and Phys., 50, 152-158 (1997)
f 1994 Atomistic calculation of composite interface
M.l.Baskes, J.E.Angelo, and C.L.Bisson,
Modellingg Simul. Mater. Sci. Eng., 2, 505-518 (1994)
MEAM for HCP metals. M.I.Baskes and R.A.Johnson,
Modelling Simul. Mater. Sci. Eng., 2, 147-163 (1994).
1993 EAM: a review of theory and application.
M. S. Daw, S. M. Foiles and M. I. Baskes,
Mater. Sci. Rep., 9, 251-310 (1993).
1992 MEAM for cubic mat.and impurities.
M. I. Baskes, Phys. Rev. B, 46, 2727-2742 (1992).
1989 MEAM for covalent Si and Ge.
M. I. Baskes, J. S. Nelson and A. F. Wright,

0.5 1.0 . Phys. Rev. B, 40, 6085-6100 (1989).
A 1987 MEAM for covalent Si.
M. I. Baskes, Phys. Rev. Lett., 59, 2666-2669 (1987).
NO S,p,d,f Symmetry 1986 EAM for fcc metals Cu, Ag, Au, Ni, Pd, Pt and their alloys.
S. M. Foiles, M. I. Baskes and M. S. Daw,
no difference between FCC and HCP Phys. Rev. B, 33, 7983-7991 (1986).
ey ] 1984 EAM for H in Metals. M. S. Daw and M. I. Baskes,
POSSlbl | |ty Of extension Phys. Rev. B, 29, 6443-6453 (1984).

1983 EAM for H in Metals. M. S. Daw and M. |. Baskes,
Phys. Rev. Lett., 50, 1285-1288 (1983).




