


M. R. Baldam and E. Granato 281

u(r) =
X

j

Aj [exp(�(x�xj)
2=2�2)+exp(�y�yj )

2)=2�2]

(2)

where Aj is the strength of the pinning potential at

site j of a square lattice of lattice spacing a and � is

the e�ective range of the pinning center. Microscopic

roughness of the substrate on the length scale de�ned

by a leads to di�erent local shear stresses of a pinned

overlayer which are proportional to Ai. So, to take into

account this kind of disorder in the simplest possible

form, we assume that Ai has only two values, U or

zero, given by the probability distribution

P (Ai) = x�(i) + (1� x)�(Ai � U ) (3)

where x is the concentration of diluted pinning centers.

We determine the response of the overlayer to an

applied external shear force using molecular dynamics

techniques[9] . The equation of motion for the particles

with coordinates ~ri(t) is given by

m�~ri +m� _~ri = �
@u

@ri
�

@v

@ri
+ ~�i + ~F (4)

where F is the external shear force, u and v are the in-

teracting potentials, � is a microscopic friction constant

and �i is a stochastically uctuating force satisfying the

uctuation-dissipation theorem

< ~�i;�(t)~�j;�(0) >= 2�mkT�ij��;��(t) (5)

where m is the mass of the particles, T is the tem-

perature and �; � represent the components of �. We

use dimensionless variables r=a; t=� , kT=U where � =

(ma=U )1=2 and a dimensionless force Fa=U: In the sim-

ulations, the time variable was discretized in time steps

of dt = 0:001� and typically 2 � 105 time steps were

used to obtain averages. We used �=a = 0:005 and

�=U = 1: The temperature, kT=U = 0:2; was chosen

small compared to the pinning strength so that collec-

tive di�usion of the overlayer is not a dominant e�ect.

Figure 1. Static shear friction Fc as a function of dilution
x. The vertical arrow indicates the percolation threshold,
pc for site dilution on a square lattice.

When F = 0 the overlayer is either pinned or un-

pinned with zero drift velocity, depending on the mis-

�t parameter �. The mis�t parameter is de�ned by

� = (b�a)=a so that for � = 0 and without disorder the

particles are in registry with the substrate, forming a

square lattice, and a critical shear force Fc(�), the static

friction, is required to depin the overlayer inducing an

average drift velocity _~r = ~F=m�: The critical mis�t, �c,

for stability of the overlayer can be associated with the

lowest value of � at which Fc vanishes. We extend this

criterion to study the disordered case. In Fig. 1, we

show the results of the calculation of Fc as a function

of dilution x for small mis�t � = 0:05 averaged over

di�erent realizations of disorder. For x = 0; the over-

layer is in perfect registry with the substrate leading to

a �nite Fc but, as x increases, Fc decreases signi�cantly

even for small x and appears to vanishes at a value xc

close to pc. The quantity pc = 0:5927 is the known

value of the site percolation threshold[10] for the forma-

tion of an in�nite cluster of diluted sites. Our data is

not precise enough do determine if Fc vanishes before

or at pc. However, in simple models of percolation in

elastic networks[10] the onset of nonzero elastic constant

coincides with the percolation threshold which suggests

that similar behavior could result for Fc as a function

of x. Since Fc is a measure of the stability of the pinned

overlayer, the decrease of Fc can be associated with a

decrease in the critical mis�t �c as a function of disor-

der. This implies that an overlayer which has a mis�t

� < �c on a perfect substrate could be out of registry on
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a substrate with surface disorder. The static friction Fc

and the decrease of �c as a function of dilution can be re-

garded as an elastic breakdown problem induced by the

presence of defects (unpinned particles) on an otherwise

pinned overlayer. In fact, current work on breakdown

in random media[11] suggests that the dominant factor

limiting the elastic strength of these systems are de-

fects. In our model, since the local static, shear friction

at a diluted pinning center vanishes, it follows that the

particles close to this center will have an initial sliding

proportional to the external force which will in turn in-

crease the external force on neighbouring particles even

further leading to depinning. At Fc, breakdown occurs

producing an overall sliding of the overlayer, as more

and more particles are unpinned. It should be interest-

ing to study this phenomenon in detail and its e�ect on

adhesion of strained layers on disordered substrates.
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