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ABSTRACT

The nucleation of an edge dislocation from the free surface of a multilayer composed of a buried layer embedded in an infinite-
size matrix has been investigated from a theoretical point of view when a misfit stress is present in the layer. From an energy
variation calculation, the metastable and stable equilibrium positions of the dislocation have been determined as a function

of the misfit stress.
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Introduction

Multilayers and coatings have been the topic of intensive re-
searches over the past few years because of the numerous ap-
plications of such structures in different engineering fields rang-
ing from micro-electronics and optics to metallurgy. Indeed, the
control of the mechanical properties of the multilayered struc-
tures is of paramout importance to prevent them from dislcation
and crack propagation at the interfaces which may lead to their
ageing and final deterioration [1,2]. Following the work of Mat-
tews [1], the nucleation of dislocations from the free surfaces
to release the misfit stress has been widely investigated. In the
case of an epitaxially strained thin film on a substrate for exam-
ple, the Mattews’ critical thickness has been determined below
which the nucleation of a misfit dislocation is favourable.

In this paper, the problem of the nucleation of a misfit disloca-
tion in a buried layer embbeded in a matrix has been investi-
gated from a static energy variation calculation. The different
equilibrium positions of the dislocation have been determined
as a function of the misift stress.

Consider a semi-infinite solid bounded by a free surface x =
0 and located on the side of negative x. This solid contains a
buried epitaxial layer between y = h and y =-h (see Figure.1).

The stresses of epitaxy can be deduced from distributions of
dislocations at the interfaces of Burgers vectors

+5a(+dain the plane y = h and-§a in the plane y =-h) of
density % .

We introduce from the free surface, an edge dislocation Burg-
ers vector (5.0) in the interface y = h, the sign of b is opposite
to the sign of da . The energy variation associated with the
introduction of the dislocation is calculated to characterize its
equilibrium position.

1. forces on the dislocation
Image force -
The edge dislocation with Burgers vector b at the point (x, /)
The image force exerted by the dislocation image is given by:
- —ubr 1
(1) .f;m - 4.72'(1—V).x

Epitaxial force
This force has been calculated by Professor J. Colin [3] :

(2) fou= 4.ub .c“”“.(l 3 j
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épit
€ : the epitaxial deformation
3) £ =290
a
a: is the lattice parameter
We set:
x=".8= L;
2.h 2.h
g 2.7.(1—v)
k= 0; F =
(4) ¢ 4 2.u.h.B?
Using this notation we obtain:
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im T 2.X
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The total force on the dislocation:

6) F, = 1 4.k
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2.X X%+1
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We note:

Far from the free surface, the effect of the image force pre-
vails over the effect of epitaxial force:
1

and F =—
"2X
4k

(7) F'épit - Y 1

<<| ol

The energy of the dislocation:
X

= F (X )ax

increases with distance from the free surface.
2. Energy of the dislocation
The energy of the dislocation is obtained by calculating the
work of the total force on the dislocation, when it moves from
the position Xy to the position x.

is of the order of magnitude of the radius of the heart of tn%
dislocation.

In reduced coordinates we obtain:

&) w)=- j (X)X

After integration:

9) w(x =3 n——4k[A1ctg( )—Arctg(XO)]

0
3. Equilibrium positions of the dislocation

The equilibrium positions of the dislocation are given by:

or mt(X)
(10) —gradw (X)=0

Either :
1 4

F;Dl (X):_E-I- Xz. 1 =

kX +1=0 dD

<~ X*-

3.1 Equilibrium position: discussion
The equilibrium is gievn by:

-8k X+1=0
1) (12)

A=64k>~4=4.(16k>~

it AO: e (13)
the dislocation does not have any equilibrium position.

This property is verified when k is small, i.e. when h the thick-
ness of the epitaxial layer is small:

p & _da 2h
B a b
(14) 202 L o o=
* If " ie (15) A0

Position of stable equilibrium:
X, =4k-~16k>—1 (16)

Position of unstable equilibrium:

X, =4k+~1643D1

At this point, it can be undelined that the layer thickness h de-
termined in this work is equivalent to the Mattews’ thickness
obtained for a thin film on a substrate [1].

The dislocation has two positions of equilibrium.

lequilibrium Uposition Xeq

D
o
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In Figure 2, the variations of the stable and unstable equilib-
rium positions of the dislocation have been displayed as a
function of the parameter k.

LV0

Red curve: represents the position of unstable equilibrium.
Blue curve: represents the stable equilibrium position.

3.2 Study of the curves representing the energy
2 WX

7.0

Fig.3: the energy variation as function of X is
presented for: k = -0.7

The energy variation as a function of X is presented in Figure
3 for.

(kbd) k =—0.7

The two equilibrium positions stable and unstable are labelled
on the graph.

energy W Jor dijjerent A

Fig.4: the energy variation as function of X is

rocantad far diffarant valiec f b

In Figure 4 we represent the energy variation as function of X
for different values of k:

&D0.7;k,, =-0.569;-0.38;k,, =-0.25,~0.2

The red and dashes blue curves represent the energy for two
critical values of k:

(the red curve) k,=-025= —%
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(red discontinuous curve tangent to thekx-gxis-) 569

For k>kc2 » W(X_,))0 and the equilibrium position is
metastable. 5

For k{k_, W (X, ){0 and the equilibrium position

is stable.
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Fig.5: Stability diagram for the dislocation

in the plane (ﬁ, b—aj.
h a

All results are summarized in the graph below Fig.5

According to the relations (12) and (13) , the existence of
equilibrium depends on

the values of k: k= @.ﬁ
a b

. . S 7
k is a function of << and B
a

Following the graph above Fig.5, we conclude that:
Sa

- For very small [ = such that |[4|<|k.] : dislocation has no
equilibrium position. In absence of other forces the dislocation
is attracted by the lateral free surface and exits the solid.
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- For |k.|{|&|{|%.5| the dislocation has a metastable equilib-
rium position (X, )0)

- For [k
(X,<0)

k,,| the dislocation has a stable equilibrium position

Conclusion
According to the results of calculations and graphs presented
in this work, one can conclude that:

-For|k|< k..|: there is no equilibrium, so in absence of other
forces and under the effect of its image force the dislocation is
attracted by the free surface and exits the solid (highest blue
curve in Figure. 4).

«For|ku | <|¥[<|%.2|: there is a metastable equilibrium position,
(X,)0)and W (Xx_,)»0 (blue curve in the middle Figure .4).

*For |k]|%..| there is a stable equilibrium position (blue curve
below in Fig.4), (X,<0 )and W (X,,)0.

According to the relations (16) , for h and b constants, if we
calculate X. for "7“:—4531: and we find respectively:

X,(-0.7)=-5.415 and X, (-1.0)=-7.873

Therefore to protect the free lateral surface, we can remove
the dislocation by increasing the misfit strain [ caused by a
mismatch of lattice parameter between the buried layer and
the substrate.

Perspectives

Study of the behavior of several dislocations (b, xi), (number
n) in the same interface and determination of the activation
energy.

Study of several dipoles of dislocations (one dislocation in
each interface), determination of the activation energy.
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