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RÉSUMÉ. La dynamique de la nucléation des dislocations des dipôles de bord à partir des zones latérales libres, à 
proximité des interfaces entre le substrat et la couche mince du film obtenues par croissance hétéroépitaxiale est 
discutée. La méthode d'analyse utilise la superposition des dislocations d'image et de la distribution des forces de surface 
de Boussinesq. Le calcul théorique est effectué en utilisant la méthode du gradient conjugué et le code Mathematica. Ce 
travail montre comment la stabilité des dislocations de bord, disloquées à partir de la surface latérale, est très importante 
pour évacuer les déformations entre les paramètres des mailles. 
ABSTRACT. The dynamic of edge dipoles dislocations nucleation’s from free lateral areas, near the thin film-substrate 
interfaces obtained by heteroepitaxial growth is discussed. The analysis method uses the superposition of image 
dislocations and Boussinesq surface forces distribution. The theoretical calculation is carried out using the conjugate 
gradient method and Mathematica code. This work reveals how the stability of edge dislocations dipoles, nucleated from 
lateral surface is very important to evacuate strains Misfit between mesh parameters. 
MOTS-CLÉS. hétéroépitaxie, film mince, dislocation de l'interface, forces de l'image, forces de Boussinesq, dipôle de 
dislocation. 
KEYWORDS. heteroepitaxy, thin film, interface dislocation, image forces, Boussinesq forces, dislocation dipole. 

1. Introduction 

The introduction of edge dislocation from free areas as precipitates, islands, steps etc... plays a 
capital role to relax stresses Misfit discord between thin film and substrate [1]. 

It’s also demonstrated that the thickness [2, 3] of the buried thin film embedded in the material 

matrix and the hetero-epitaxial deformation subs thina
a

subs

a a

a
 
 play a major role to stabilize interfaces. But 

the introduction of a single dislocation or a stack of n dislocations of the same nature (Burgers vectors 
with the same signs) does not completely solve the problem. The limit of similar a solution is caused 
by the instability of the dislocations which conditioned by a critical thickness hc which must not be 
exceeded. In the contrary case, the dislocations risk leaving the materials at the interface one after the 
other causing its interruption, similar a situation will cause the degradation of its physical properties 
(electrical, magnetic, optical, or other ...). 

To adjust this problem of emergence, we propose in this work to introduce a stack edge dislocations 
dipoles ( b ) [4] from a free lateral surface [5]. 

2. The Problem of Boussinesq 

The Boussinesq problem consists in studying a semi-infinite unit subjected to a ponctuel and a 
normal load on the plane which limits it [6], it’s largely and regular used in the situations of contact. 
The Boussinesq forces are weak enough to apply the theory of linear elasticity. The contact on the 
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Tangential forces 
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Normal and tangential stresses: cylindrical coordinates 
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Figure 3. rr(tg) function of the orthoradial variable   Figure 4. rr(norm) function of the orthoradial variable  

System of stresses reflecting the radial distribution detected around the point O of the concentrated 
unit force with very important key, at a great distance from the point of application ( r  ) the stress 

field tends to zero: 
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The radial stress at the surface becomes tangential, which makes the tangential Boussinesq forces 
very important to cancel the tangential stress fields (direct and images) on the free lateral surface of the 
material under study. 
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Then, to cancel the forces on the surface x = 0, a Boussinesq tangential distribution forces is added 
to the image dislocation. 

The stresses of this Boussinesq distribution are represented by:  ,ij x y
 

So, the total stresses at a point (x, y) are:        , , , ,tot direct im age
ij ij ij ijx y x y x y x y     

(9)
 

With:  ,direct
ij x y  Field of direct stresses’ dislocations 

And  ,image
ij x y  Field of stresses’ images dislocations  

 

Forces applied on the free surface x = 0:
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The field of edge dislocation stresses at the origin with Burgers vector (b, 0) in an infinite space [8] 
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Under the single effect of the image dislocation the normal force vanishes: 0x x xd y d z e 
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To cancel the total force at x = 0, an image dislocation and a tangential Boussinesq force distribution 
are added to the direct dislocation (d).  
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Using the Fourier transform we compute the Airy function of the corresponding Boussinesq forces: 
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For the second dislocation of dipole: j=2  2, ,b x h   
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We compute the equilibrium positions of the dipole [10], initiating the calculation from k = -0.6 and
   01 02, 2, 0.28X X     and we have the two curves:

 

 

Figure 10. Equilibrium positions X1 and X2 
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Figure 11. The four curves of the four equilibrium positions X1, X2, X3 and X4 

�0.5 �0.4 �0.3 �0.2 �0.1
k

�50

�40

�30

�20

�10

Positions des dislocation Xi

�1.5 �1.0 �0.5
k

�120

�100

�80

�60

�40

�20

Positions Xi des dislocations



© 2017 ISTE OpenScience – Published by ISTE Ltd. London, UK – openscience.fr                                                                    Page | 10 

 

Figure 12. Case of 4 dipoles 

5. Conclusion 

In conclusion, and after calculating the shear stresses due to residual defects caused by the mesh 
parameter defects at the lateral surface in the interface intersection with the thin film - substrate, we 
canceled their effects by adding to the image dislocations a Boussinesq distribution ponctual and unit 
forces after which a collection of edge dislocations dipoles is issued from the surface. We have shown 
their primordial importance to relax the instability of the material through the calculation of their stable 
equilibrium positions, which will in no case leave the matrix of the material. We have worked on a 
lateral crossing surface normal to the principal axis Ox of the material; we leave as a first perspective 
the case where the surface will have any inclination, as well as the case of a finite material and 
surroundings its borders. 
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