N
N

N

HAL

open science

Motion dynamics of Si (100) positive and negative
islands under electromigration and thermomigration

Stefano Curiotto, Ali El-Barraj, Fabien Cheynis, Pierre Miiller, Frédéric Leroy

» To cite this version:

Stefano Curiotto, Ali El-Barraj, Fabien Cheynis, Pierre Miiller, Frédéric Leroy. Motion dynamics of
Si (100) positive and negative islands under electromigration and thermomigration. Journées Surfaces

et Interfaces, Jan 2020, Paris, France. 2020. hal-02468958

HAL Id: hal-02468958
https://hal.science/hal-02468958
Submitted on 6 Feb 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02468958
https://hal.archives-ouvertes.fr

AGENCE NATIONALE DE LA RECHERCHE

Aix--Marseille
universite

Initiative d'excellence

Motion dynamics of Si (100) positive and negative Islands under
electromigration and thermomigration

Stefano Curiotto, Ali ElI-Barraj, Fabien Cheynis, Pierre Muller, Fréderic Leroy

Aix Marseille Université, CNRS, CINaM UMR7325, 13288 Marsellle, France

Mass transport processes play an important role in nano devices. They determine the morphology and the stability of a working device, and eventually its lifetime. When
a direct electric current is applied to a material, it affects the mass transport by adding a bias to the atomic diffusive motion. This effect, called electromigration, can play
an important role on the dynamics and the morphological stability of nanostructures at surfaces. In this work we have studied the motion of single-step holes and islands
under the effect of an electric field on Si(100), in real time, by Low Energy Electron Microscopy (LEEM). The details of the motion depend on the strong diffusion
anisotropy of the Si dimer rows. Studying the velocity and the shape of the nanostructures, we discuss a model to explain and guide the motion of holes and islands.

The manipulation of nanostructures is an important challenge for nanoelectronics and nanofabrication LEEM
technologies. External fields and thermal gradients are natural candidates to move and control the bi-prism
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nanostructure position on a surface. Particularly promising is the use of electric fields to induce mass gun (-20 kV)
transport in specific directions, phenomenon known as electromigration (EM). \

electric current biases random diffusion inducing mass transport in specific directions. The motion of optics

. . . contrast aperture
many adatoms results in the motion of an entire nanostructure.
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The elementary process of electromigration of an atom on a surface (adatom) is well known: the illumination / //\

While it has been neglected in most studies, the crystalline anisotropy of the surface may play an
Important role on adatom motion and therefore on nanostructure motion.

We have used Low Energy Electron Microscopy (LEEM), to observe Si(100) surfaces in-situ and in real
time with high temporal and spatial resolution, and in a large temperature range (1000-1500 K).

sample (~ -20 kV)

In order to support the experimental results and obtain more insights in the motion mechanism, we have Electron energy lower than 20 eV 5 nm lateral resolution
developed a Kinetic Monte Carlo model based on both anisotropic and electromigration-biased High imaging dynamics (0.1 s per image) atomic vertical resolution
diffusion at surfaces.
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Voids elongated
perpendicularly to
the EM force move
opposite to the force

The Si(100) surface structure has dimer rows
running perpendicularly on alternating terraces.
Diffusion is faster along dimer rows than
perpendicularly to them

| Voids with shape
parallel to the force
move in the same
direction of the

With a force applied from left to right, the voids move
towards the top, at 90° from the electric-field direction and
135° from the [011] axis
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Schematics of a 2D void. _
Conclusions
The dimer rows inside the hole are oriented horizontally, in the same direction of u. The force exerted by the

electric field is oriented along the blue arrow and forms an angle 6 with u. * The motion of nanostructures on Si(100) is possible thanks to the

difference of diffusion coefficient parallel or perpendicular to dimer
rows.

« The effective activation energy for the motion of 2D islands and
voids at Si(100) surfaces is 2.0%+0.1 eV, given by the sum of a
diffusion energy and a creation energy of the diffusing species

The void displaces in a direction forming an angle y with u.

Joy: aNd J; . are the atomic fluxes at the exterior and at the interior of the void. D are diffusion coefficients
parallel and perpendicular to dimer rows; v are hole and island velocities; a is an atomic length; c is the
concentration of diffusion species
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