SUMMARY

Recent rapid progress in computers has made it possible to elucidate the mechanical
properties such as theoretical strength as well as static atomic structure by using
the ab-initio molecular dynamics. The theoretical strength, however, is evaluated
on the assumption that crystals deform in a definite deformation path because of
computational limitation, so that it is necessary to clarify the relationship between
the theoretical strength and bifurcation criteria to the other deformation path. The
lattice instability analysis based on the classical interatomic potentials have suggested
that the bifurcation to the anisotropic transverse contraction becomes more important
than the theoretical tensile strength in the uniaxial [001] tension.

In this study, the bifurcation point under tension is investigated by means of ab-initio
molecular dynamics. Si and Al single crystal are subjected to the uniaxial [001] tension
under isotropic and anisotropic transverse contractions. The difference in free energy
shows that the deformation path of isotropic Poisson contraction would bifurcate to
anisotropic contraction at £,, = 0.093 and ¢,, = 0.051 for Si and Al, respectively, while
the theoretical strengths under isotropic contractions reach ¢,, = 0.25(Si) and ¢,, =
0.18(Al). Then the lattice instability at these bifurcation points is investigated on the
basis of the positive definiteness of the determinants of elastic stiffness coefficients. It
is shown that the positiveness is violated after the bifurcation point and the instability
is caused by the negativeness of the minor determinants of the stiffness matrix, which

represents the compliance against the anisotropic transverse contractions.
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Fig.3.1 Simulation cell

Table 3.1 Calculation condition for analysis

Number of atoms 8
Lattice constant 0.5374 nm
Cutoff energy 8 a.u.
Number of k points 2xX2x2
Boundary condition Supercell
Pseudopotential BHS type
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Fig.3.13 Calculating procedure of elastic constant
Table 3.2 Elastic constants and elastic stiffness coefficients
€., =0.093 | €,, = 0.094 €., =0.093 | €,, = 0.094
C11 (GPa) 196.4 195.2 By (GPa) 196.4 195.2
Ci2 (GPa) 195.2 197.5 Bis (GPa) 195.2 197.5
Cs3 (GPa) 223.5 221.0 Bss (GPa) 234.3 231.8
Ci3 (GPa) 173.0 164.0 B3 (GPa) 162.2 153.2
Cy (GPa) 29.5 28.9 By (GPa) 29.5 28.9
Ces (GPa) 28.9 34.1 Bgs (GPa) 39.8 39.6

35




0.4 - | - | ' | '
x10"
0.04
0.3 0.0zl *
0.00 ]
0.2 *
-0.02 . . |
0.091 0.092 0.093 0.094

0.0

1 1 1 \\‘~L 1 1 1 .- al

Magnitude of 6x6 determinant, detB1, GP2’

0.09 0.091 0.092.— 0.093 0.094

Tensile strain €zz

Fig.3.14 Relationship between tensile strain and crystal stability under [001]

tension (isotropic contraction)

x10*
1.50 , .
§ 125
g . 1.00
S5
. 075
N
T -
I 0.50
2~
2=
= 3 025
=
= S 0.00
-0.25 . ! . ! . ! .
0.09 0.091 0.092 0.093 0.094

Tensile strain €zz

Fig.3.15 Relationship between tensile strain and B? — B, under [001] tension
(isotropic contraction)

36



3.3 0O

0000000000000 SiD00000O00000O0O0D0oODOOoooOooOO
gobbooggbobobuoooobbbuoooobbooooboboboooobon
gboboboooobbbuooobbboooobo

() DODoOoOO0o0ODODO0O0000000000000DOD00oooooooooo
Ub0o000ob00b0e, =00400000000000000000000
gbobobooogbbbuooobbboogobobuoooobo

(2) (H)OODOOOODODO0ODOO0OO0OO000000O0 Poisson0000D0OO0OOO
00 (011) 00000000000 6,=0200000000000000
DDDDDDDDDDDDDD(Oll)DDDDDDDDDDazx:0.30(7)DDDD

(3 D000O0O0ODODODOO0O0O000000O000000D0D0DO0OoooooooOoO
gbobbobbooogobbbbouoooobbbbooooobbbboooan
000 (2)000000000000000000bOO0DO0O0o0oDOOO0O0O
gbobobooogbbbuooobbbooooobboood

(4) 000000000000000000000000000000000000
0000000000000000000000e,,=000400000000
000000000000000000000000000000000000
000000000000000000000000 B4 -RB%40000000
000000000000000000000000000000000000
£,.>009300000000000000000000000000000

37



L] 4[]

AlDODOO0O0DO0Oooooda

000000000000 fecO00O0OO0OD0 AlDODOOOOOOOfOOODOOOO
gobobooogobobuoooobbbuoooobboooobobobooooboo
gobooboooodgn

4.1 0O0OO0O0OOOOO0OO

041000 Al0000000000040000000000k0000000
0000 Monkhorst 0 Pack 000000000 ®OOOO0OO0OOOOOOOOOOO
00270000000000000 BHSOOOOOOOO ®MOooo0oo0oooooon
0000000 Perdewd Zunger 000000 000000

gbobbooogbobbooodobbbooodon

(H)oKOOOOD (04020m)00000000O0O0O00ODODOD E.O0000O0O0O
goooobobb Eh00boobuoobuooboobobboobooboonbg

(2) 0000000000 (1)H)ODDOD0OO0ODODDODO0O0ODO0D0OO0O0O0O0O0 fecOODDOOO
gobbbudddegobbbuoooobbboooonbbboooobon

goboboogon

OO0 (1)0D000000o0o00o-00o0o00ooo0ooooo42000000

38



Oo0o0bo0boooboobobooboobobbOobdEy =210an.00000
gbobobooouoooobbbuoooob 10awv.0dbon

00 ((2)000000000000-000000000 4300000000000
00000000 ¢« =039mmUO000000AIDOOODOOODOODOOOODO
1L.14%00000

goboboooobbboooboboboooobbbuooobobobooooboon
O0000000000Dooo0O0 (D0 loopoCoc H)ooo0ooooooooo
OodIlogooooodgooooooodoooooodiini00Ol op = 0y0
obugoobobooogbooboboogon

Y
|<x [100]

Fig.4.1 Simulation cell

Table 4.1 Calculation condition for analysis

Number of atoms 4
Lattice constant a 0.397 nm
Cutoff energy E 10 a.u.
Number of k points 3x3x3
Mesh fort FFT 32 x 32 x 32
Pseudo potential BHS type
Boundary condition Supercell
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Fig.4.9 Distribution of valence electron density on (111) plane
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Fig.4.10 Distribution of valence electron density on (111) plane
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Fig.4.11 Distribution of valence electron density on (111) plane
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Fig.4.12 Schematic of change in valence electron density
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Table 4.2 Elastic constants and elastic stiffness coefficients
€,, = 0.051 | €,, = 0.052 €,, = 0.051 | e,, = 0.052
C11 (GPa) 225.6 225.4 By (GPa) 225.6 225.4
Ci2 (GPa) 224.3 225.5 Bis (GPa) 224.3 225.5
Cs3 (GPa) 235.7 235.5 Bss (GPa) 242.2 242.2
C3 (GPa) 117.9 115.7 B3 (GPa) 1114 109.0
Cy (GPa) 42.2 42.2 B,y (GPa) 42.2 42.2
Ces (GPa) 24.8 34.6 Bgs (GPa) 31.6 31.3
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