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Outline

One dimensional interfaces

e Growth equations in crystal growth (MBE)

e Rigorous formulation of the problem:
generalized Ginzburg-Landau (nonconserved) and
Cahn-Hilliard (conserved) equations

Stationary configurations and dynamical properties:
coarsening <= 94\ > 0

e [ he pseudo free energy F

e [ he phase diffusion equation

Time dependence of coarsening
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e Perpetual coarsening: A(t) — oo

e Fixed wavelength: A(t) ~ A¢
- Diverging amplitude: A(t) — oo

- Oscillating/Chaotic amplitude

e Interrupted coarsening: A(t) / up to \*

Is it possible to establish
a priori criteria for coarsening 7




Diffusion

Step bunching [/

Step meandering

Orz(x,t) = —0zj = =0 {B(m) + G(m)0;[C(m)dsm]}

In the limit of small slopes (m = 0z K 1):
Oz = —B'(0) 92z — 0%z

2(z,t) = exp(wt+igz) w(q) = B'(0)g?— q*
Stationary configurations: 7 =0

M(m) = [MdsC(s) = B(M) + G(M)OzzM = 0O

B(M)

V(M) = /dMG(M)



[F. Gillet, Ph.D. Thesis (2000)]

Bm)= """ Gm)=__THvlTm

14 m? (1+8)(1+m?2)
Clm) = 1+ c(14+m2)(142m2)
(1491 +m2)3/?
ﬁ,__l)La:: line diffusion
— DT/¢ — terrace diffusion

Ead? step—-step elastic interaction
step stiffness

_ _m_1+tc(1+m?)
M(m) = 1"21|_C (14m?2)1/2

e A particle oscillating in the potential V(M)
What about A(A) 7
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Anisotropy effects c>1/(1+2B)

[Danker et al., PRE 68, 020601 (2003)]



The generalized models ...

> nonconserved
Oy = Oyu — F(u) = L[u] (generalized GL eq.)

Oru = [8§u — F(u)] = L[u] (generalized CH eq.)

Mechanical analogy:
Steady states satisfy the relation 8§u — F(u) =0

. and the pseudo free energy

02u — F(u) = —0F /éu
Flu(z, t)] = [dz [5(0:u)? = V(w)| , F(u) = —V'(u)

dF/dt <0 for GL & CH models

What about
o Flux(z)] vs A f/
o F[(14 d)uy(x)] vs




Flux(x)] vs A
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Flup(x)] = X_E
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FI 4+ Dup(@)] = Flua(z)] =

J
=-5<0

Efdx [ug\(x)F/(u)\(iU)) — U)\(CB)F(U)\(QU))}/

same sigrras d\/dA






Phase dynamics of the GL equations

02ug — F(ug) =0 V(u) = — [duF(u)
ug(x + X)) = upg(x) o = qx =27/

Phase equation: perturbative treatment
of weak distorsions of a regular pattern

¢ = smallness of the phase modulation
X=e T=¢t WX, T)=cep(x,t)

Or — g0y + e0x Oy — e20p¢dy + €°Or

u = ug + €uy + ...
Zero order: Llug] = ¢70y¢ — F(ug) =0
First order: Llui] = f(ug)

f(ug) = Orvdyug — [Oguo + 2¢044u0lOxx



E[8¢uo] =0 == (9pug) and f(ug) are orthogonal

q(q(9pu0)?) _ D1
((Bgu0)?) Do

ory = Doxxy , D=

(...)=2n)"1 2. .d¢

(q(Dgu0)?) —/QW/Q T(rug)? = Qi

T

1 —1 3 —1
e = () () -2 ()
271 27 \OF/ \OF 472 \OF

b= 4%2((221&0)2) (22)_

Conclusion: The sign of /) is always opposite
to the sign of O\

OpA >0 == D <0 coarsening
OpA <0 == D >0 phase stability



Phase dynamics of conserved equations

o _ ©0a(a0u0)?) _ A <8/\>—1
Conclusion: Coarsening takes place
if and only if OgA >0




Steady states and dynamical behavior

Fixed wavelength
Diverging amplitude Perpetual coarsening
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[P. Politi and C. Misbah, arXiv:cond-mat/0307072 (2003)]



Time dependence of coarsening
[In collaboration with Alessandro Torcini]

For perpetual coarsening, A\(t) = 77

875,2(33,75) — _axj(xat) + 77(%15)

 92m + m(1 —m2?) model 0
iz, t) = o )
\ ozm + (1_|_7;;2)a model «
m2/2 —m*/4 model 0
V(im) =< (1/2)In(1 + m?) model 1
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The coarsening exponent
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[A. Torcini and P. Politi, Eur. Phys. J. B 25, 519 (2002)]



Conclusions
e Steady state properties «<— Dynamical behavior

e Coarsening occurs if and only if d\/dA >0

Perspectives
e How general this relation is ?
Ou = —02[02u + u — u3] + vud,u w=q?—q*
Ou = eu — (1 4 92)%u — u3 w=¢c—(1—=¢g?)?

e Is it possible to gain information on L(t¢) from the
phase diffusion equation 7



