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A method of identifying the depth profiles of material compositions

Background

It is becoming important to know impurity profile
near the surface for small semiconductor devices.
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For this purpose, low -energy (300eV or less) SIMS is
required.

However, the depth is not proportional to the beam
injection dose near the substrate top surface.

Purpose

Dependency of sputtering yields on incident energy and
injection dose isexamined at low beam energy.

Sputtering yield
Ys =Number of escape particles
/ Number of incidence patrticles

dose Number of particles incidence for each
unit area

Simulation condition

Blue ball: Silicon(Sig

Red ball: Oxygen(O) Substrate Silicon(Si)

Diamond structure

Cube of 20

The top surface is (001)

The periodic boundary

conditions in the horizontal

direnctions

An initial number of

substrate particles is 512.

o Incidence particle
Oxygen atom(0O)

Initial state of substrate o Vertical incidence
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o Incident energy 100eV 300eV

o Time interval of injections  1000fs(simulation)
After each incidence, the system is cooled and
brought to thermal equilibrium at a given
temperature.

o Substrate temperature K

o Motion of atoms is calculated by the molecular
dynamics (MD) simulation.

o Stillinger-Weber potential is used for MD simulations.




Stillinger-Weber Potential

Stillinger-Weber potential function
contains two- and three-body potentials.

The model Si substrate system is designed
to have the diamond structure.

Two body potential
=potential function that depends only on the interatomic
distance

Three body potential
=potential function that depends not only interatomic
distances but also bond angles.

substrate surfaces after 1000 injections

Yellow ball: Silicon(Si)
Red ball: Oxygen(O)
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Conclusions and discussion

o Si sputtering yields by atomic O injections
are obtained as functions of injection dose
for different incident energies.

o The Si sputtering yield by atomic O
injections at steady state is obtained as a
function of incident energy

o Dose dependence of sputtering yields at
small dose needs to be examined further.




