Numerical Simulations for spiral crystal
growth with impurity, interlaced spiral
and variable driving force

Contents: T. Ohtsuka(Gunma Univ.)

*With impurity: case of bunching

Interlaced spiral

*Variable driving force by distance from a screw dislocation
*Wisker like growth

*Hollow core like growth
By level set method:

= J{z e W; u(t,z)-0(z) = 27k}
kEZ > These models are toy models.




With impurity
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Steps evolve with
sweeping up the surface

Imp,urltles fall down on the surface
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Impurity get in the way
of evolving steps
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Simulation with impurity

surface

Level set Eq: V=12.00%(1.00-0.05%k)

Level set Eq: V=12.00*(1.00-0.05%k)

Auxiliary fct.
Surface height

solution of level ™\

set equation amountofimpurity

Eq: V=12.00%(1.00-0.05%k)

Time: 0.250000
[20.00

Surface height

Time: 0.125000

[20.00

Auxiliary ft.

Surface height

Amount of impurity

‘Time: 0.500000

Auxiliary fet.

Auxiliary fet.

Amount of impurity

Amount of impurity




Interlaced spiral
us + Au— 0)Fy (V(u—6),V?(u—0))
+(1 = Au—0)F(V(u—0),V*(u—0)) =0

' T) X
vy ;:surface energy density(anisotropy) in (0,T) x W

Fi(p, X) = —7i(p)(Ci + trD*v;(p) X)
Au) = {max(:l.O,min(—l.O, M cos(u/2))) +1.0}/2

\. Graph of A
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Simulations of interfaced spiral

Laval st Eq: V6.00%(L00-0.02k)

Thme: 0.000000
Socface belght

' $op=30.000000

Remark:

Shape of spirals depend
on A. = Uniqueness of

motion may be broken.




Wisker type growth
V =C(r) — Kk,
C(r) = Ar)Cint + (1 — A(r))Ces

r: distance from screw dislocation,

A(r): cut-off function

Level set Eq: V=12.00%(C(0)-0.02*k) (C(r)=10.00 (r<=0.100), C(r)=0.10 (z>0.150))
Time: 0.000000
' Surface height
©
wnt xrt
6 t.L / z_top=100.000000

A crystal around screw grows -«
extremely around center.




Simulation of wisker type growth

Auxiliary fet

2 bottom=2.000000

v

Level set

2 top=100.000000

Eq: V=12.00*(C(r)-0.02*K) (C(r)=10.00 (r<=0.100), C(r)=0.10 (>0.150))

Level set Eq: V=12.00*(C(r)-0.02*k) (C(r)=10.00 (r<=0.100), C(r)=1.00 (r>0.150))
— —
‘Time: 0.000000 . — —
int ) ext .

Surface height

Eq: V=12.004(C(0)-0.02%K) (C(r)=10.00 (r<=0.100), C(r)=1.00 (=>0.150))

Level set

‘Time: 0.050000

Surface height

z_top=100.000000

Auxiliary fet.

C,=10.0, C_=0.1

Time: 0.050000
z_bottom=-2.000000

Surface height

z_top=100.000000

If wisker grows by spiral,

Auxiliary fot.

then the crystal may need
extremely high driving
force around screw
dislocation.

z_bottom=-2.000000




Hollow core type growth

V =C(r) — &,
z"n,t_l_]-_ r ext

r) = AT

r: distance from screw dislocation,

Eq: V=12.00%(C(r)-0.02%k) (C(r)=-5.00 (r<=0.200), C(£)=5.00 (r>0.300))
Time: 0.000000

Level set

A(r): cut-off function
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only around screw dislocation.

z_bottom=-30.000000




Simulations of hollow core type growth

Level set Eq: V=12.004(C(r)-0.02*K) (C(r)=-5.00 (r<=0200), C(£)=5.00 (r>0.300))

Time: 0.000000

Surface height

Z_top=30.000000

Auxiliary ft.

z_bottom=-30.000000

int='0.1 y Cext=50

Level set Eq: V=12.004(C()-0.024k) (C(r)=-0.10 (r<=0.200), C(£)=5.00 (>0.300))

‘Time: 0.050000

Surface height

z_top=10.000000
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Ausxiliary fet.

z_bottom=-10.000000

very slow growth

Level set

int

='5.0, Cext=50

=12.00%(C(r)-0.02*K) (C(r)=-5.00 (r<=0.200), C(£)=5.00 (£>0.300))

Eq:

Time: 0.050000

Surface height

Zz_top=30.000000

Auxiliary fct.

N

z_bottom=-30.000000

_=-1.0, C_,,=5.0

Level set Eq: V=12.00*(C(r)-0.02*K) (C()=-1.00 (r<=0.200), C(r)=5.00 (£>0.300))
Time: 0.025000
Surface height
2_top=10.000000
Auxdliary ft.

z_bottom=-10.000000

melted



Concluding Remarks

*These equations are toy models: just suggestion of step
motion by simple equations.

[Impurity, interlace, hollow core]Bunching (discontinuity)
appear in all equations. These are the crucial difficulties for
mathematical analysis, even on well-posedness.

Interlaced spiral model is similar to the shock waves.
*Wisker and hollow core type have singular circle.
*With impurity model has singularities on whole steps.

[Wisker]lf wisker grows by screw dislocation, then the
crystal has almost zero driving force on the far domain.

*[Hollow core]There may be two kind of cores: by melted,
or by very slow growth only around screw dislocation.



