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2877 citations as compared to 1986 for Tersoft potential
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1. SW potentials are very easy to parameterize;
The difficulty of potential parameterization is to ensure the lowest
energy for the equilibrium phase as compared to ANY OTHER
configurations;

3. MD simulations of crystalline growth or crystallization from melt can
be used to determine if a potential captures the equilibrium phase

4. Using an angular term to penalize non-tetrahedral bond angles, SW
potentials easily ensure the lowest energy for the diamond-cubic or
zinc-blende structure;

F. H. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985).
J. Tersoff, Phys. Rev. B, 39, 5566 (1989).
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Structure Q E. B C’ Cu*
Material ~ Exp. Model  Exp.* Cal.  Exp. Cal. Exp.® Cal. Expf® Cal. Cal’ Exp.® Cal. Cal®

Zn hcp fce/hep 16.1 16.1 —1.33 —1.33 0.49 2.60
Cd hep fee/hep 23.1 23.1 —1.13 -1.13 0.39 1.55
Hg liquid fce 24.6 24.6 —0.61 —0.61 0.16 1.24
S orth fec 25.7 25.7 —2.85 —2.85 0.13 3.85
Se A8 fec 274 274 —2.41 241 0.05 2.75
Te A8 fee 34.0 34.0 —2.17 -2.17 0.41 1.88
ZnS zb zb 19.7 19.7 —3.08 —3.08 0.49 0.49 0.12 0.12  0.12 0.29 055 054
ZnSe zb zb 22.8 22.8 —2.69 —2.69 0.39 0.39 0.11 0.14  0.11 0.26 045 044
ZnTe zb zb 28.4 28.4 —2.36 —2.36 0.32 0.32 0.10  0.10  0.09 020 036  0.36
CdS Wz zb/wz 24.8 24.8 —2.76 —2.76 0.38 0.38 0.08 022 0.08 0.15 043 0.40
CdSe zb zb 27.7 27.7 —2.52 —2.52 0.33 0.33 0.06 0.16  0.06 0.14 0.37 035
CdTe zb zb 34.0 34.0 —2.18 —2.18 0.27 0.27 0.05 0.10  0.05 0.13 0.29 028
HgS zb zb 25.1 25.1 —2.00 —2.00 043 043 0.06 0.11 0.06 0.17 045 044
HgSe zb zb 28.2 28.2 —1.74 —1.74 0.32 0.32 0.05 0.09  0.05 0.14 034 033
HgTe zb zb 33.7 33.7 —1.55 —1.55 0.26 0.26 0.05 0.07  0.05 0.13 0.28  0.28

1. Captures equilibrium compound phases;

2. Captures model elemental phases;

3. Reproduces experimental energy, atomic volume, and bulk modulus of compounds;
4. Reproduces experimental energy and atomic volume of elements.

X. W. Zhou, D. K. Ward, J. E. Martin, F. B. van Swol, J. L. Cruz-Campa, and D. Zubia, Phys. Rev. B, 88, 085309 (2013).
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1. Crystalline growth simulations achieved for both (Cd,, ,sZn (sHg; 04)(T€( 205€0 1550.62)
films and ZnS/CdSe/HgTe multilayers;

2. The lowest energy for the equilibrium compound phases and energy transferability
between compounds, alloys, and elements validated;

3. Robust application for many problems, especially microstructure prediction in
semiconductor device structures.

Issues:
1. Designed only for diamond-cubic, zinc-blende crystals;
2. Can be extended for fcc elements, but elastic constants are too high.
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Issue Issue
High elastic constants for fcc elements are Limitation to crystals are due to angular
due to nearest neighbor, smooth cutoff function penalizing only tetrahedral angle
0.20 T T | 1 2
015 - ¢(r):{3(%)4_1}.“})@—2-0] i (COS lek + Ej
T onf =T - Solution
= o=2.1 .
E a=16 More general angular function
2 . theoretical cutoff
& v
£ = ~ Hurdle to LAMMPS Users
oos L L Any modifications of interatomic
potentials require new pair styles
s 2.0 25 3.0 35
atomic spacing r (A) Note:
Tersoff potentials have also been modified to
Solution improve property prediction:
Morse potential function + longer cutoff for 1. J. Wang, and A. Rockett, Phys. Rev. B 43,
similar species (nearest neighbor cutoff 12571 (1991) .
only required for dissimilar species) 2. X.W. Zhou, and R. E. Jones, Modelling

Simul. Mater. Sci. Eng., 19, 025004 (2011).



ZZ[(I O ) (y)_(l_nzj)'FU(ij) VU(’”U)]

Xjj Z WIK GJIK ( jik ) Pk (A’” jik )

Aty =15 - STy - parameter

0; =1 (1=))or0(+#))
n =0, or n; = 1- o;; (depending on potential type)

The potential 1s fully detined by indicators n; and j;, and the six
functions Uy(r), Vi(r), Py(Ar), Wy(1), F(X), and Gy (0) (for all the
specites , J, K=1, 2, ...)

X. W. Zhou, M. E. Foster, R. Jones, P. Yang, H. Fan, and F. P. Doty, J. Mater. Sci. Res., 4, 15 (2015).
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(T]ij :8i]'9E.vIJ =0
The polymorphic potential Uy, (r)=vEr)-vi(r)
reduces to any modified SW Vi (r)=ug,(r)
potential shown above, ifuser  {F,(x)=-x
use this polymorphic Py (Ar)=1
tabulation: w,(r)=u,(r)
kGJIK (9 ) = 8JIK (9 )
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The polymorphic potential reduces to original SW
potential 1f user use this polymorphic tabulation:

(771-1- :5ij7§IJ =0

q p—q
(@) (@) O
UIJ(r): Ay €y (%) '{Bu(:) _1} : eXp[r 4 U.G j
'O

VIJ(’”):\//IIJ ey ’exl{rzl;.cig j
v'Ou

SF(X)=-X

})U(Ar):l

VVIJ(F): VAu €y 'eXPL T Ou j

F—dy -0y
1 2
G (0)= (cos@ +§j

~

F. H. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985).
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The polymorphic potential reduces to original Tersoff
potential 1f user use this polymorphic tabulation:

(77,-,- = 51']'9§IJ =1
D
Uy (r) = < eill exp[— B V25, (r oy )] fc,U (r)
U
S.-D 2
Vi (r) =2 exp{— B —(r oy )} ' fc,U (r)
SU_'1 SU )
< _1 19
FIJ(X):(1+X)2 1 1 ”(’”_’”s,u)
Py (Ar ) = eXp[ZUIK Ar ] feur) = E+ECOS{ Vews ~ T
Wi (r) = fc,lK (r) 0
Cz Cz
G 9 — 1 IK IK
e (6) y”{ +d,2K de+(h1K+c039)2}

J. Tersoff, Phys. Rev. B, 39, 5566 (1989).
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The polymorphic potential reduces to Rockett-Tersoff
potential 1f user use this polymorphic tabulation:
Ny =8,y =1

Ay -exp(— 7L1,1J "”)'fc,u (’”)9 PV
UIJ(r){AIJ.GXP(A‘I,IJ.F).fc,IJ(r).fllJ(r) Vo <V<T.iu
0, r2r
B, -exp xz,u ) /. o r N
Vi (r) = {BU -exp(— Aoty ) Sews r eXp(_ A1y 'r)'fc,u (r) [l_fc,l,lJ (r)l Foaw <V<T.iu
< BJJ'eXp( Aoy T )f](r) exp( )LIIJ.F).fIJ(r) F2T0

FIJ X):[l_"(ﬂu I
< (Ar)= exp[?tl K Ar ]
(r = fc,]K (I”)

2
c c
0)=1+-"%— LS
‘”K( ) d;. a’j,<+(hﬂ<+cos0)2

N :U
N

T Q

f.;;(r) and £ | ;;(r) are two cutoff functions operating at different cutoff
ranges, but their format 1s the same as that in Tersoff potential

J. Wang, and A. Rockett, Phys. Rev. B 43, 12571 (1991).
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The polymorphic potential reduces to embedded-atom
method potential if user use this polymorphic
tabulation:

fnij :1_61']"5[*] =(
U,(r)=¢,() where ¢,(r) 1s a pair function, f;(r) 1s
=1

v, (r) an atomic electron density function,
1F,(X)=-2F,(X) FyX) is the embedding energy

P.(Ar)=1 function, and X is used to represent
W (r)= f.(r) electron density (X = p).
\GJIK (9) =1

M. S. Daw, and M. 1. Baskes, Phys. Rev. B, 29, 6443 (1984).
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material | structure MSW DFT Exp.
a C E. a C E. a[25] | c[25] | E. [26]
dc 7.180 | ----- -0.999 | - | -== | mmem | e | e | e
Y 3.012 | ----- -1.800 | === | == | memem | emeem | mmeem | e
Tl bce 3.854 | ----- -1.805 | 3.868 | ---—-- 2368 | - | ---- | -
fcc 4.825 | ----- -1.848 | 4.873 | ---—-- 2340 | - | ---- | -
hcp 3.408 | 5.582 | -1.850 | 3.500 | 5.581 | -2.399 | 3.450 | 5.520 | -1.850
dc 6.591 | ----- -0.731 | 6.898 | ----- -0.961 | - | ---- | -
fce 4.878 | ----- -0.748 | 4.464 | ----- -1.123 | - | e | -
bce 3.847 | ----- -0.780 | 3.703 | ----- -1.160 | - | --om | -
Br hep 3.328 | 5.743 | -0.787 | ----= | === | === | == | e | -
sc 3.004 | ----- -0.827 | 3.006 | ----- 1218 | —-emm | —e- -1.134"
WZ 4.877 | 7.964 | -1.657 | -—--- | === | o= | mmmm | meeem | -
zb 6.897 | ----- R R e B Bt B Bt M
TIBr NaCl |6.197 | ----- -2.239 1 6.622 | ---—-—- -2.866 | ----- | ---- | -
CsCl | 3.985 | ----- -2.389 |1 3.959 | ----- -2.881 | 3.985 | ----- -2.389

" Br-sc is the lowest energy lattice in models. No experimental data is available for the

metastable Br-sc phase. Instead, we list the experimental cohesive energy of the lowest energy
phase (Br;-liquid) as a reference.

structure method Cn Ci Cis Ci3 Cas B T
Tl MSW 0.240 | 0.140 | 0.137 | 0.242 | 0.053 | 0.133 | 691
(hcp) | Exp.[27,37] | 0.277 | 0.235 | 0.187 | 0.376 | 0.055 | 0.239 | 577
TIBr MSW 0.27510.104 | 0.104 | 0.275 | 0.067 | 0.161 | 1442
(CsCl) | Exp.[28,38]|0.275|0.104 | 0.104 | 0.275 | 0.067 | 0.161 | 753
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X. W. Zhou, M. E. Foster, R. Jones, P. Yang, H. Fan, and F. P. Doty, J. Mater. Sci. Res., 4, 15 (2015).
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Successful growth simulations of T1, Br, and TIBr
validated that the modified SW potential using the
polymorphic implementation captures the experimental or

model equilibrium phases
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1. Simple SW potential enables a rapid parameterization for
systems involving many elements;

2. Capturing the correct energy transferability between
elements, alloys, and compounds produces robust MD
models to enable challenging growth simulations;

3. Conventional SW potentials overestimate elastic constants of
elements and are limited to tetrahedral crystals;

4. A modified SW potential can overcome the problems of old
SW potential.

5. A polymorphic pair style implemented in LAMMPS allows
potentials to be modified without changing the LAMMPS;

6. These new approaches lead to a TIBr model with the CsCl
type of compound crystal and simple-cubic type of elemental

tal.
crysta y



