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Summary

The main ofjective of this study is the atomic-scale detail of dislocations at the
interface between different materials. From such point of view, the v/~ interface in
Ni-based superalloys, the Si/GaAs interface of semiconductor device are investigated
by molecular dynamics simulations. First we have observed the interaction between
misfit dislocations on the v/+’ interface and edge/screw dislocations gliding in a mono-
lattice, and motion of misfit dislocation network under the shear force. It is revealed
that the reaction can be basically explained by the dislocation theory, i.e. Burgers
vector problem. However, we have also found new mechanisms in the cross cuttig by
an edge dislocation which has extra plane on the same side as the misfit dislocation,
i.e. same sign. New dislocations are generated on the delta-roof-like two slip planes
from the peak line of [110] misfit dislocation. Furthermore, the edge dislocation and
one dislocation on the delta-roof have nodal point gliding on the V-gutter between two
slip planes. We have also applied the [100] and [110] shear on the interface. Under
the [100] shear, the whole network glides dragging many defects. On the other hand,
only the weft of the network glides without leaving defects, under the [110] shear.
The critical stress for the constant slip of the interface is slightly different for the
[100] and [110] shear, due to the anisotropy of the lattices. For the atomic simulation
of Si/GaAs interface, we have an ambiguity for treatment of potential parameters
between Si/GaAs, although there is a famous potential function for Si and for GaAs
by Jefferson. Thus we have first checked the Si/GaAs interfacial energy by DFT
ab—initio calculation (VASP) with a super cell stacking the Si and GaAs unit cells.
Then, we have performed molecular dynamics simulation on GaAs hut cluster on Si
substrate and discussed the defect structure at the interface. If we use the Tersoff
potential for surface reconstruction of Si (T2), we can find dissorders of Si substrate
at the edge and interface under GaAs cluster. The Tersoff parameter for the proper
elastic coefficient (T3) leads no disorder on the interface and the crystal lattices of
Si and GaAs independently remain at the initial diamond structure. We can find
lattice mismatch only if we compare the upper and lower crystal lattices. Finally we
have applied tensile loading on an infinite Si/GaAs interface. We have observed crack
initiation and propotion in GaAs phase from the initial defect on Si substrate with the
T2 parameter. On the other hand, we have observed cleavage cracking in the middle

of GaAs layer, with T3 parameter.
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Fig.1.1 Typical morphology of the microstructure of Ni-based superalloy
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Etot = ZFM(

neighbor
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J ()
000 F,(p) 0000 0000000000000¢,,(r)0000 0,00 20
DDDDDDptj(T)DDDD t, dbooooagoaodn
Ni, AlD 200000000000000F, ()0 F,(p)0 py,(r)0 p,, ()0 g, ()0

dun(MDou, (0000000000000

Den (1) = G (1) = 2 9303 (1) (2.9)

F(p) = Fu(P) + gri (2.10)
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00000000y, (000g,)000000000000000000 (2.7)0 Nj,
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pzl%l(r> = 5, Pn(T) (2.11)

F(p) = Fu(p/s.) (2.12)
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p(r) = sr8(e P74 2% 720T) (2.13)

¢(r) = D{1 —exp[~a(r - R)]}* =D —2gp(r) (2.14)
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Table 2.1 Potential parameters for p(r)

B (A1) s
Ni 3.6408 1.0000
Al 3.3232 0.6172

Table 2.2 Potential parameters for ¢(r)

D (eV) o (Afl) R (A) g (eVA?’)
Ni-Ni 1.5535 1.7728 2.2053 6.5145
Al-Al 3.7760 1.4859 2.1176 -0.2205
Ni-Al 3.0322 1.6277 2.0896 0
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Eij = fe(rij) [fR(nj) +bj; - fA("’ij)] (2.16)
fr=Aexp(—Airy) (2.17)
fa = —Bexp(—Xari;) (2.18)
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bij = (14 B7¢) /2" (2.21)

Gij = Z Je(rin)g(Oiji)exp [Ai (rij — Tzk)} (2.22)
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gO0in) =14+ 2/d* — 3/ [dz + (h — cos Qijk)ﬂ (2.23)
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Fig.2.1 Three molecules i, j, k and bendig angle 6,y
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Table 2.3 Parameters for silicon, gallium and arsenic

O Si—Si(T2) | Si—Si(T3) |0 Ga—Gal |0 As—As0O | O Ga— AsO
AleV] | 3.2647x10° | 1.8308x10° 9.9388x10% | 1.57186x10% | 2.54330x10°
B [eV] | 9.5373x10' | 4.7118x10% | 1.36123x10% | 5.46431x10% | 3.14460x10?
AM[AT 3.2394 2.4799 2.50842 2.38413 2.82809
Ao[AT] 1.3258 1.7322 1.49082 1.72873 1.72301
As[AT] 1.3258 1.7322 1.49082 1.72873 1.72301

B |3.3675x1071 | 1.1000x1070 | 2.35862x107! | 7.48809x10~% | 3.57192x10~*

n 2.2956x10' | 7.8734x107* 3.47290 6.08791x107" 6.31747

c 4.8381 1.0039x10° | 7.62977x1072 5.27313 1.22630

d 2.0417 1.6217x101 | 1.97965x10' | 7.51027x107! | 7.90396x10~*

h 0.0 —5.9825x10! 7.14592 1.52924x1071 | —5.1849x107*
RA] 3.0 2.85 3.5 3.5 3.5
D [A] 0.2 0.15 0.1 0.1 0.1
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Fig.3.4 Displacement control for injection of screw dislocations
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Fig.3.10 Schematic of slip planes and Burgers vectors in Fig.4.4(c)
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Fig.3.11 Snapshots of dislocations in indentation of domain 2
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Fig.3.12 Dissociation from the junction between misfit dislocation node and
approaching edge dislocation
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Fig.3.13 Morphology of dislocations on the interface (Indentation 2)
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(a) Indentation 1 ~ (b) Indentation 2
Fig.3.14 Magnified view of edge dislocations crossing over misfit dislocations
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Fig.3.15 Schematic explanation for interaction between misfit dislocation and
edge dislocation
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Fig.3.16 Snapshots of dislocation in shear simulation for screw dislocation
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Fig.3.17 Reflection of edge and screw dislocation at parallel misfit dislocation
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Fig.3.18 Schematic of morphology change in misfit dislocation (shear simula-

tion for screw dislocation)

Fig.3.19 Misfit dislocation network at ¢ = 33000 fs (shear simulation for screw

dislocation)
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Fig.3.20 Motion of misfit dislocation under the [100] shear on the interface
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Fig.3.21 Shear stress (7.,) against strain under the [100] shear of the interface
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Fig.3.22 Analytical cell at ¢ = 90000 fs, v,, = 0.09
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Fig.3.23 Motion of misfit dislocation under the [100] shear on the interface
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Fig.3.24 Position of the dislocation in Fig.3.23(a) against strain
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Fig.3.25 Shear stress (7.,/) against strain under the [100] shear of the interface
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Fig.4.1 Si and GaAs unit lattices

Table 4.1 DFT calculation condition

0000 Si GaAs | Si/GaAs
Number of ions 8 8 16
Number of electrons 32 32 64
Number of bands 32 32 64

Cutoff energy [eV] | 188.27 | 180.38 188.27
Number of k points 83 83 10 x 10 x5
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Fig.4.2 Relationship between potential energy and lattice parameter on Si
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(a) Rotated view 1 (b) Rotated view 2

Fig.4.11 Magnified view of defect Si atoms and substrate indicate by white
rectangular in Fig.4.10(a)
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