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Motivation

• ion-implantation doping of Silicon

• developing predictivepredictive MC-BCA model of

  ion implantation (ion and defect profiles)

• comparison simulation - experiment (RBS-C)

Objective

Interpreting the macroscopic RBS-C response of ion

irradiated Si with models of lattice defects obtained

from atomistic calculations
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… the “Bible” of RBS-C
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RBS-C

characterization

physics of defects

(silicon)

• mature technique

• already well developed

in the 80’s

• major achievements: last

15 years (computation)

• still in progress
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What’s (almost) new

• interpretation of RBS-C measurement in ion-
  implanted Si (low defect concentration) based on
  a physical model of the disordered lattice

• the simulation of spectra takes its input from

theoretical models obtained by atomistic calculations
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Experiment

• substrate: (100) Si FZ 500�•cm n-type

• implantation: Si+ 180 keV 1014 cm 2 RT

   (as-implanted, low defect concentration ~ few %)

• characterization: multiaxial RBS-C He+ 2MeV

orientations: <100>, <111>, <112>, <113>, {110},
{100}, <130>, <120>, <110>
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What is needed

• experimental (multi-axial) RBS-C analysis

• physical model for computation of defects

• procedure to build up a large (~106 atoms)

model sample of disordered lattice

• MC-BCA simulation of RBS-C spectra from
  the model sample (code BISIC)



RBS-C

measurement
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spectrum

spectrum

simulation

defects / depth

distribution

Result:

depth profile

of defects

agreement

bad good
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Point defects: what does the Bible say ?
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• treatment of defects as in the “two-beams” approximation1

• isotropic model

1E. Bøgh, Can. J. Phys. 46 (1968) 653

Random position approximation
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random model is isotropic, experimental damage is not

Random position approximation
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Physical model of defects

accommodating extra-atoms or vacancies according to

energy minimization criteria

interatomic forces for energy minimization:

   1) first-principle or ab-initio (e.g. DFT)

   2) semi-empirical (e.g. Tight-Binding)

3) empirical: Stillinger-Weber, Tersoff, EDIP ….



Workshop on Ion Beam Studies of Nanomaterials; Trieste 26 June - 1 July 2006



Workshop on Ion Beam Studies of Nanomaterials; Trieste 26 June - 1 July 2006

Tetrahedral and hexagonal interstitial

<100> view <110> view
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Split-like interstitial defects
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Bond-defect
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EDIP vacancy DFT vacancy

Limitation of empirical potentials: the Si-vacancy

amount and sign of the deformation differamount and sign of the deformation differ

but both give an isotropic RBS-C response



Strain

• Energy minimization (relaxation) induces strain in the

lattice, which increases disorder, as detected by RBS-C

• Strain, which depends on the model (defect, interaction

potential) has implication both on the quantification of

defects and on their multi-axial response

Workshop on Ion Beam Studies of Nanomaterials; Trieste 26 June - 1 July 2006Workshop on Ion Beam Studies of Nanomaterials; Trieste 26 June - 1 July 2006

1.35I4b

1.03I3

0.95I2

1.45Is
Volume expansion (in atomic volume

units �) introduced per extra-atom by

various split-like interstitial defects
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different defects � different profiles to fit <100> RBS-C

different scattering factor, different lattice strain
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RBS-C signature (two-beams approximation)
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Elementary interstitials
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Clustered interstitials

fine, … but

do results depend on the model of atomic interaction?
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Comparing fitting with

different defects/models
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Final remarks 

• atomistic simulation of RBS-C measurements based

on physical models of defects has been investigated

• some of the interstitial defect models considered
  (the split family, plus bond defect) reproduce
  multi-axial measurements within the estimated
  uncertainty, whereas others (random, hexagonal and

tetrahedral) do not
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Final remarks

• qualitative conclusions do not depend on the

model of atomic interaction

• quantitative of defects do depend both on the

interatomic potential and on defect type

• the uncertainty on the amount of defects may

vary more than ~ 2, due to the differences in

scattering factors and lattice strain associated

with  different defects and different atomic

interaction models
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