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E?I: “force field” represented as a 3 body potential.
L) =
55 :
U= Vier ZZVz(Ri_Rj)‘FZV?,(szk)
—e i i

=32 S s Ry - T

_Z]Zk;lS (c};) [ —R)X(R,—R)—(d;)’ cos@]

d;° : unstrained bond length between i and j

g, is the unstrained bond angle

i 1s the angle between i, j and k.

two parameters o and S are fitted to the elastic constants

P.N. Keating, Phys. Rev. 145, 637 (1966)
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Binding Energy

QQ : volume occupied by one atom

VValence Force Field

Parabolic approximation to the potential of solids

Uniform: same 1 dzE
distortion in = 2
2% and z Q dV E=Ecoh

R'=v'R

The main limitation is that there
are only 2 parameters (o and )
but 3 elastic constants even for
Zincblende!!!
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d’E
de?

Non Uniform: z - 1
stretch, X,y compress - 5

(by the same amount) E=Ecoh
and viceversa
R =R _(1+¢)
I _
R, =R /(1+¢)
R! =R,
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This in an adaptation of the well known Lennard-Jones
potential used for liquefied noble gasses.

1 2
ZZ/Ie( i)+t ) (cosﬁyk+;j

i Jjk>i

Works reasonably well for diamond-Si but not for other crystal structures.

F. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985)
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The expression for b;; (known as bond order) is written as to emulate
the atomic coordlnatlon number Z. Hence ( is sometimes called the
pseudo-coordination.

§y =2 [o(1)g(6,) @,

k#i,j

g(0) and w describe the angular and radial forces dependence.

2 2
< C ’a it ’
(l]k)_1+(dl-) - 2 Q. 26[ U k)]
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d; +(h; —cos8,,) ijk
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angular forces: resistance to bend
radial forces: resistance to stretch

eThis potential describes covalent bonding

e\Works very well for different crystal structures for group IV

eDespite the partial ionicity of the bond also very good for group I11-V.
Many parameters to fit.

J. Tersoff, Phys Rev Lett 56, 632 (1986) & Phys Rev B 39, 5566 (1989)
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=0  Better than VFF as it is not a parabolic approximation

5.’:1 Many parameters but also many properties correctly reproduced like
U< the phase diagram, C44 and the Kleinman deformation

2
_1d°E,,
" 44 — 2
§ | Q d7/ E:Ecoh
i '--. R)’c = Rx + 7Ry
g al e Zine Blarnia R; = Ry
) R =R.

Works rather well for zincblende and diamond group IV and I11-V but it is
not yet optimized for thermodynamic and vibrational properties.

D. Powell, M.A. Migliorato and A.G. Cullis, Phys. Rev. B 75, 115202 (2007)
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D. Powell, M.A. Migliorato and A.G. Cullis, Phys. Rev. B 75, 115202 (2007)
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GaAs Buffer

W@z IRy Decomposition into InGaAs and GaSbAs

* The structures have been relaxed using mpi IMD™ software
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INAS
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Segregation

gregation is the physical effect which can happen during the epitaxial growth of

-

In Ga, Sb As

P (1P g (1-a)
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Strain Energy [ev]

Coupled In/Sb :

(& _Ese
kT kT

E SE

P =ve

| I Surface se
'} <+ different materials, resulting in one or more atomic species not being incorporated in
E l-a the crystal but rather segregate on the growing surfaces.
g E / iY;(ﬁ) \
L e x,—
s ol
— O _.| Substrate -t
A (H) =& (n=1)
Bulk n-2
Un-coupled In/Sb :
A = N[
P=ve P =vie" E=E+E
dX (1
Lol g, + RXPOXLO-PXPOXL
t

(S) (t) + X(b) (l‘) = XI(;) (O) + X](,f) (t) + ¢Int

\X},‘f) () +Xg) () =X (0)+ X5 (0) +(@y, + 5, )t /

O.Dehaese, X. Wallart, and F. Mollot, Appl. Phys. Lett. 66, 52 (1995)

The University of Nottingham , 4th September 2008

E

N

SE

5%
_ KT kT
P, =v,e

- EStrainEnergy( ]n—)S( ) ¢Sb)

J

StrainEnergy (OO’ ¢Sb )

/




MANCHESTER

[ -| -
182 Segregation
oD
+ - 4+=The coupled In/Sb concentration profile, compared with experimental data
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W@ IS8 Molecular Dynamics of Quantum Dots

Before MD lImm) After MD

- T
+ L * unrelaxed e, = e,y -0.667, e,, = 0.7 as expected
VLA
e k
) W
L = * Relaxed e, and e,y and e,, vary
'— — * Strain component e,, is almost zero
—' @ at the top of the island
U=
Ly
— O

Fixed
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Manzano, R. Songmuang, O.K. Schmidt, and K. Kern, Appl. Phys. Lett. 82, 3194 (2003)
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e We have modelled the elastic strain Energy of InGaAsSb and
explained the experimental observations of decomposition into
ternary alloys

20

L = e Itis now possible to implement 3 Million Atom simulations using
= = the Tersoff potential, which is available for all 111-V

— ™= semiconductors and their alloys

U =

e We have used the results in conjunction with a new improved
model of segregation showing very good agreement with the
experimental data.

e We have also simulated very large Quantum Dots.
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